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INFORMATION TECHNOLOGY -
AT ATTACHMENT WITH PACKET INTERFACE-7 -

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

FOREWORD

1 ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission) for
the specialized system for worldwide standardization. National bodies that are members of ISO/or IE
participate in the development of International Standards. Their preparation is entrusted tos technic
committees; any ISO and IEC member body interested in the subject dealt with may participate in th
preparatory work. International governmental and non-governmental organizations liaising/with 1ISO and IE
also participate in this preparation.

2) In the field of information technology, ISO and IEC have established a jojnt téchnical committe
ISO/IEC JTC 1. Draft International Standards adopted by the joint technical committee are circulated f{
national bodies for voting. Publication as an International Standard requires approval by at least 75 % of th
national bodies casting a vote.

3) The formal decisions or agreements of IEC and ISO on technical matters\express, as nearly as possible, g
international consensus of opinion on the relevant subjects since each technical committee has representatig
from all interested IEC and ISO member bodies.

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

5) In order to promote international uniformity, IEC and _|S© member bodies undertake to apply IEC, ISO an
ISO/IEC publications transparently to the maximum exfent possible in their national and regional publication
Any divergence between any ISO/IEC publication and, the corresponding national or regional publication shou
be clearly indicated in the latter.

6) ISO and IEC provide no marking procedure to indicate their approval and cannot be rendered responsible f
any equipment declared to be in conformityxwith an ISO/IEC publication.

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

8) No liability shall attach to IEC or\ISO or its directors, employees, servants or agents including individu
experts and members of their technical committees and IEC or ISO member bodies for any personal injur
property damage or other damage of any nature whatsoever, whether direct or indirect, or for costs (includin
legal fees) and expenses afising out of the publication of, use of, or reliance upon, this ISO/IEC publication
any other IEC, ISO or ISO/IEC publications.

9) Attention is drawn to(the ‘normative references cited in this publication. Use of the referenced publications
indispensable for the“gorrect application of this publication.

1P) Attention is drawn.to the possibility that some of the elements of this International Standard may be the subje
of patent rights,ASO and IEC shall not be held responsible for identifying any or all such patent rights.

nternational' Standard ISO/IEC 24739-2 was prepared by subcommittee 25: Interconnection g
nformation technology equipment, of ISO/IEC joint technical committee 1: Informatio
bchnology.
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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 we
site.

b

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
]rotocols for the transporting of commands, data and status over the interface for the parali¢l

interface. Part 3 defines the connectors and cables for physical interconnection between host
nd 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 forthe serizLI
mterface. Figure 1 shows the relationship of these documents. For devices implementing th

HACKET command feature set, additional command layer standards are listed,inyFable 1 anfd
described in Clause 2.

Register delivered command set Packet delivered command sets
Command layer Logical register set See Table 1
ATA/ATAPI-7 Volume 1

ARSI

Transport, link, Parallel Transport Protocols Serial Transport Protocols
and physical and Physical interconnect and Physical interconnect
layers ATA/ATAPI-7 Volume 2 ATA/ATAPI-7 Volume 3

Figure 1 — ATA document relationships

Table 1 = PACKET delivered command sets

Standard

SCSI Primary Commands (SPC)
SCSI\Primary Commands-2 (SPC-2)
SESI| Primary Commands-3 (SPC-3)
SCSI Block Commands (SBC-2)
SCSI| Stream Commands (SSC)
Multimedia Commands (MMC)
Multimedia Commands-2 (MMC-2)

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)

(7]

. (N Q. — -~ O -

— —

A

N

3.

Scope

his part of ISO/IEC 24739 specifies the AT Attachment Interface between host systems an
orage devices. It provides a common attachment interface for systems manufacturerg
ystem integrators, software suppliers and suppliers of intelligent storage devices.

Normative references

he following referenced documents are indispensable for the application of this document. Fg
ated references, only the edition cited applies. For undated referéences, the latest edition ¢
ne referenced document, including any amendments, applies.

he provisions of the referenced specifications othet/than ISO/IEC, IEC, ISO and IT
ocuments, as identified in this clause, are valid within the context of this Internationd
tandard. The reference to such a specification within this International Standard does not giv
any further status within ISO/IEC. In particular,.it’does not give the referenced specificatio
ne status of an International Standard.

S5O/IEC 14776-362, Information technolegy — Small Computer System Interface (SCSI)
art 362: Multimedia commands-2 (MMGC-2) [ANSI INCITS 333-200(

C Card Standard, February 1995, "PCMCIA 1

ompactFlash™ AssociationtSpecification, Revision 1.42

Terms, definitions, abbreviations, conventions and keywords

1 Terms, definitions and abbreviations

or the purposes of this International Standard, the following definitions as well as th

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

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

[oN

= =

—_—

3.1.1
ASCII character
designates a 8-bit value that is encoded using the ASCII character set

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.

For the Compact Flash Association Specification published by the Compact Flash Association, contact th
Compact Flash Association at http://www.compactflash.org.

CompactFlash™ is the trademark of the Compact Flash Association. This information is given for th

e

e

convenience of users of this document and does not constitute an endorsement by IEC or ISO of this trademark.

Equivalent 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

TA defines the physical, electrical, transport and command protocols for the internelil
ttachment of storage devices to host systems

1.4
TA-1 device
evice that complied with ANSI X3.221-1994, the AT Attachment Interface for Risk Drives

OTE ANSI X3.221-1994 has been withdrawn.3

1.5
TA-2 device
evice that complied with ANSI X3.279-1996, the AT Attachmentiinterface with Extensions

OTE ANSI X3.279-1996 has been withdrawn.3

1.6
TA-3 device
evice that complies with ANSI INCITS 298-1997the AT Attachment-3 Interface

OTE ANSI INCITS 298-1997 has been withdrawn.3

A7

TA/ATAPI-4 device
evice that complies with ANSININCITS 317-1998, AT Attachment Interface with Packet
terface Extensions-4

1.8
TA/ATAPI-5 device
evice that complies with ANSI INCITS 340-2000, the AT Attachment with Packet Interface-5

1.9
TA/ATAPI-6. device
evice that.complies with ANSI INCITS 361-2002, the AT Attachment with Packet Interface-6

1.10
TA/ATAPI-7 device

- ot 1 PR : et e L Qu ! !
AeviCT UTat COTTPITES WIUT UTIS STTTES U TTTETTITatorTar STarnudrus

3.1.11

ATAPI device

AT attachment packet interface device

device 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

\'}

udio-video applications use data that is related to video images and/or audie,Jth
istinguishing characteristic of this type of data is that accuracy is of lower priority than timel
transfer of the data

< O®

1.14
ackchannel
hen transmitting a FIS, the backchannel is the receive channel

.1.15
it error rate
ER
atistical probability of a transmitted encoded bit being™ erroneously received in p
mmunication system

.1.16

us release

for devices implementing overlap, the term buscrelease is the act of clearing both DRQ an
SY to zero before the action requested by thescommand is completed; this allows the host t
lect the other device or deliver another quéted command

(e eN

lue placed in the byte count tegister by the device to indicate the number of bytes to b
transferred during this DRQ assertion when executing a PACKET PIO data transfer command

[

.1.18

yte count limit

lue placed in theCbyte count register by the host as input to a PACKET PIO data transfe
mmand to speCify the maximum byte count that may be transferred during a single DRQ
ssertion

Py

.1.19

ompactFlash™ Association
FA

ssociation 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

dommand acceptance
4 command is considered accepted whenever the currently selected device hasythe BSY b
deared to zero in the status register and the host writes to the command register

—

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

gommand completion

gompletion by the device of the action requested by the command or the termination of th
gommand with an error, the placing of the“appropriate error bits in the error register, th
lacing of the appropriate status bits in the status register, the clearing of both BSY and DR
tp zero and Interrupt Pending

4]

L =

§.1.27

gommand packet
data structure transmitted—to*the device during the execution of a PACKET command that
includes the command and~command parameters

¥.1.28
dommand released
hen a device ‘supports overlap or queuing, a command is considered released when a bufs

release occurs before command completion

.1.29

dontrol block registers
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
device 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 ISO/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

.1.33
ylinder low register
ame used for the LBA mid register in previous ATA/ATAPI standards

.1.34
ata character

a serial interface implementation, an encoded character that representsya*data byte (se
ISO/IEC 24739-3, Clause 15)

9]

.1.35
ata-in
rotocol that moves data from the device to the host

OTE These transfers are initiated by READ commands.

.1.36
ata-out
rotocol that moves data from the host to the device

OTE These transfers are initiated by WRITE commands.

1.37

elayed LBA
ny sector for which the performanc¢e specified by the streaming performance parameters log

i$ not valid

.1.38

evice

orageperipheral

traditionally, a deviCe,on the interface has been a hard disk drive, but any form of storag
evice may be plaeced on the interface provided the device adheres to this standard

[

.1.39

evice selection
im a parallel implementation, a device is selected when the DEV bit of the device register i
qual _to the device number assigned to the device by means of a device 0/device 1 jumper @
itch, or use of the CSEL signal

- O

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

.1.44
RQ data block
nit of data words transferred during a single assertion of DRQ when using PIO data transfer

a serial interface implementation, a portion of the receiver where character<slipping and/d
haracter alignment is performed

=

.1.46
ncoded character
a serial interface implementation, the output of the 8b/10b encader

[see ISO/IEC 24739-3, Clause 0]

(V]

1.47
rst party DMA access
nethod by which a device accesses host memory.

= =k

NOTE First party DMA differs from DMA in that the device sends a DMA setup FIS to select host memory regions;
hereas for DMA the host configures the DMA controller.

ata structure; it is the payload .of a frame and does not include the SOF primitive, CRC angd
OF primitive

.1.49
frame
nit of information-exchanged between the host adapter and a device

=+

OTE A frame'consists of an SOF primitive, a Frame Information Structure, a CRC calculated over the contents
the FIS and an,EOF primitive.

.1.50

fprced unit access
UA

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];

this state is entered by reception of a FIS with the | field set to one

[see ISO/IEC 24739-3, Clause 16]

}.1.55
lpgical block address
BA
dddressing of data on the device by the linear mapping of sectors

1.1.56

linear feedback shift register
FSR

[$ee ISO/IEC 24739-3, Clause 0]

.1.57
link

the link layer manages the phy layer to achieve(the delivery and reception of frames (sep
IBO/IEC 24739-3, Clause 15)

§.1.58
lpgical sector
q uniquely addressable set of 256 words (512 bytes)

¥.1.59

ative max address
the highest address a device accepts in the factory default condition, that is, the highes
dddress that is accepted by the SET MAX ADDRESS command

—

1.1.60

gverlap
q protocol thatzallows devices that require extended command time to perform a bus release sp
that commands may be executed by the other device (if present) on the bus

}.1.61
jacket delivered command

domimand th delivered to the device using the PACK ommand-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]
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3.1.63

physical 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

.1.65

rimitive
a serial interface implementation, a single DWORD of information that consists ofya.'Contrg

haracter in byte 0 followed by three additional data characters in byte 1 through 3

.1.66
ueued
mmand queuing allows the host to issue concurrent commands to thesame device

[]

OTE Only commands included in the Overlapped feature set may be queued.’In this standard, the queu
cpntains all commands for which command acceptance has occurred, but command)completion has not occurred.

.1.67

read command
mmand that causes the device to transfer data from<the device to the host (e.g., READ
ECTOR(S), READ DMA, etc.)

.1.68
register
register may be a physical hardware registeror a logical field

.1.69

register delivered command

mmand that is delivered to the. device by placing the command and all of the parameters fg
the command in the device cammand block registers

=

OTE See also packet delivered command.

1.70

register transfers
ost reading and -writing any device register except the data register; register transfers arg
bits wide

A.71
released
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 low 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

nique set of values placed in the command block registers by the device to allow the.host tp
istinguish devices implementing the PACKET command feature set from those~devVices ng
implementing the PACKET command feature set

—

3.1.77

self-monitoring, analysis and reporting technology
SMART

for prediction of device degradation and/or faults

.1.78
fansport

ansport layer manages the lower layers (link and phyjJas well as constructing and parsing
ISs

T

—

see ISO/IEC 24739-3, Clause 16]

A.79

Itra DMA burst
ne period from an assertion of DMACK=to the subsequent negation of DMACK- when an ultrp
MA transfer mode has been enabled(by the host

O c W

.1.80

naligned write
rite command that does nof'start at the first logical sector of a physical sector or does not engd
t the last logical sector (©f)a physical sector

D < C W

.1.81
nit attention condition
state that a device implementing the PACKET command feature set maintains while the devicge
as asynchfonous status information to report to the host

}.1.82
nrecoverable error

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

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

.2 Abbreviations

TA AT Attachment

TAPI AT Attachment Packet Interface
U Allocation Unit

Vv Audio-Video

WG American Wire Gauge

ER Bit Error Rate

D Card Detect

FA CompactFlash™ Association
HS Cylinder-Head-Sector

RC Cyclical Redundancy Check
S Device Chips Select

SEL Cable Select

C Direct Current

D Device Data

DIAG Device Diagnostic

IOW Device Input Output Write
MA Direct Memory Access
MACK DMA Knowledge

MARQ DMA Reguest

- T T m O O O O O o O oo o0 0 0 0o m > > > > > W

VN Even
IS Frame Information Structure
UA Forced Unit Access
DWR 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

33 t+—Generat

Lowercase is used for words having the normal English meaning. Certain words and(Cterm
used in this standard have a specific meaning beyond the normal English meaning./Thes
words and terms are defined either in Clause 3 or in the text where they first appear.

Tlhe names of abbreviations, commands, fields and acronyms used as signaltnames are in

uppercase (e.g., IDENTIFY DEVICE). Fields containing only one bit are usually referred to a
the "name" bit instead of the "name" field. (See 3.3.7 for the naming{convention used fg
naming bits.)

4

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

he expression “word n” or “bit n” shall be interpreted as.indicating the content of word n @
it n.

o -

3.3.2 Precedence

there is a conflict between text, figures and tables, the precedence shall be tables, figureq
hen text.

—

3.3.3 Lists

Qrdered lists, those lists describing.a_sequence, are of the form:

Unordered list are of the form:

1)
2)
3)
3.34 Keywords

everal keywords are used to differentiate between different levels of requirements an
plionality.

[ds)

@]

(O]

=

3.3.4.1 expected

Keyword used to describe the behavior of the hardware or software in the design model

S

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.
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3.34.3 may
Keyword 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

(Qbsolete commands should not be used by the host. Commands defined as obsolete may b
gommand aborted by devices conforming to this standard. However, if a device does ng
gommand abort an obsolete command, the minimum that is required by the device in responsg
tp the command is command completion.

—~ D

$.3.4.5 optional

{eyword that describes features that are not required by this standard. . flowever, if any optiona
feature defined by the standard is implemented, the feature shall be\implemented in the wal
defined by the standard.

<

}.3.4.6 prohibited

{eyword ind icating that an item shall not be implemented<by an implementation.

1.3.4.7 reserved

{eyword indicating reserved bits, bytes, words; fields and code values that are set aside fgr
future standardization. Their use and interpretation may be specified by future extensions tp
this or other standards. A reserved bit, byte, word or field shall be cleared to zero, or ip
dccordance with a future extension to“this standard. The recipient shall not check reservefd
its, bytes, words or fields. Receipt of feserved code values in defined fields shall be treated ajs
g command parameter error and reported by returning command aborted.

1.3.4.8 retired

=

{eyword indicating that the designated bits, bytes, words, fields and code values that had bee
defined in previous standards are not defined in this standard and may be reclaimed for othg
ses in future standards. If retired bits, bytes, words, fields or code values are used before thely
qre reclaimed, they shall have the meaning or functionality as described in previous standards

-

.3.4.9 shall

o

{eyword indicating a mandatory requirement. Designers are required to implement all suc
andatory requirements to ensure interoperability with other products that conform to thi

andard
SutdAartualru.,.

[2]

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
signal name indicates the signal is a low active signal. A low active signal is true when th

a
e

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 i
above Vi, and is false when the signal is below V.

S

sserted” means that the signal is driven by an active circuit to the true state. “Negateg
eans that the signal is driven by an active circuit to the false state. “Released” means that'th
ignal is not actively driven to any state (see Clause 7). Some signals have bias circuitry tha
ull the signal to either a true state or false state when no signal driver is actively asserting d
egating the signal.

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

<

[ds)

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

3.3.7 Bit conventions

there is no preceding n, then when BIT is set to one:ithe meaning of the bit is true and whe
IT is cleared to zero the meaning of the bit is falseifrthere is a preceding n, then when nBI
$ cleared to zero, the meaning of the bit is true and when nBIT is set to one, the meaning ¢
ne bit is false.

o=

—_ —

True False
TEST | |
Bit setting=1
Bit setting=0 / \
True False
nTEST |
Bit setting=0 |

Bit setting=1 / \

Bit (n:m) denotes aset of bits, for example, bits (7:0).

it names are shown in all uppercase letters except where“a’'lowercase n precedes a bit namae.

= —~ O

- 1 2
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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 \ \ \ \ \

Figure 2 — State diagram conyeéntion

m

ach state is identified by a state designator and a state hame. The state designator is uniqu
mong all states in all state diagrams in this documeént: The state designator consists of a se
f letters that are capitalized in the title of the figuréj,containing the state diagram followed by
nique number. The state name is a brief deseription of the primary action taken during th
ate and the same state name may appeariin other state diagrams. If the same primar
function occurs in other states in the same.state diagram, they are designated with a uniqu
jtter at the end of the name. Additional "actions may be taken while in a state and thes
ctions are described in the state description text.

M O ~ O

O 0 <<

In device command protocol state ‘diagrams, the state of bits and signals that change stat
during the execution of this state diagram are shown under the state designator:state_nam
gnd a table is included that-8hows the state of all bits and signals throughout the state diagram
gs follows:

O O

bit value changes.
bit set.te_ one.

bit cleared to zero.
bitisrdon’t care.

V = Signal changes.
A= signal 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)

L \ . e . :
\ Ol / = Udld WTdiTsTuoIT (dsseried Or rieygdiced)

—<:>— - data valid

XXXX - undefined but not necessarily released

- asserted, negated or released

- released

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

>~
[®N

Il signals are shown with the asserted condition facing-fo the top of the page. The negate

gondition is shown towards the bottom of the page relativé.to the asserted condition.
Tlhe interface uses a mixture of negative and positive signals for control and data. The termf
gsserted and negated are used for consistency and are independent of electricgl

dharacteristics.

h all timing diagrams, the lower line indicates negated and the upper line indicates asserted.
he following illustrates the representation of a signal named TEST going from negated tp

| —

gsserted and back to negated, based on the polarity of the signal.
Assert Negate
TEST | |
>Viu
<V / \
Assert Negate
TEST-
<Vi | |

>Viy / \

3.3.10\~Byte ordering for data transfers

Data' is transferred in blocks using either P10 or DMA protocols PO data transfers occur whe
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

bp (bD (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)

o0 (n O =

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)

OTE The above description is for data on the interface. Host system(s ‘and/or host adapters may cause the ordé
f data as seen in the memory of the host to be different.

ome parameters are defined as a string of ASCII characters. ASCII data fields shall contai
nly code values 20h through 7Eh. For the string “Copyright”, the character “C” is the first bytg
ne character “0” is the second byte, etc. When™these fields are transferred, the order g
ansmission is:

he 1% character (“C”) is on DD(15:8) of the fitst word,

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

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

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

he 5™ character (“r”) is on DD(15:8)-6f the third word,

he 6™ character (“i”) is on DD(7:0Q) of the third word,

he 7"" character (“g”) is on DD(15:8) of the fourth word,

he 8" character (“h”) is op~DD(7:0) of the fourth word,

he 9" character (“t”) is on-BD(15:8) of the fifth word,

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

ptC.

Vord (n:m) denotes.a set of words, for example, words (103:100).

=

— -
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Byte, word and DWORD relationships

Figure 3 illustrates the relationship between bytes, words

implementations.

24739-2 © ISO/IEC:2009(E)

and DWORDs for serial interface

Byte

-
o w
N

o N
~N N

DN
aN

ININY
w N

NN
N

oN
O =

N
=N

N =
-

Word

Byte 1

Byte'0

0 =
~N =
o) Y

N
N

N =
-

N

9 8 765 4 3 2 1 0

DWQRD

Word 1

Word 0

Byte 3

Byte 2

Byte 1

Byte 0

3.4

General operational requirements

efer to ISO/IEC 24739-1, Clause 4 for operational requirements (see 3.4).

Figure 3 — Byte, word-and DWORD relationships

I/O register descriptions

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

Qriginally, the three parts formed-a single specification. For the convenience of the user, it wa
ecided that this large specification will be published in three parts. However, to comply wit
ther existing publicationsrand to show the close interdependece between the three parts, th
riginal overall structure(was kept as far as practicable. Therefore, entire Clauses and Annexe|
ave been left empty with a reference to where they can be found in either Part 1 or Part 3.

(2B ER=E

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

¢/ a switch or a jumper on the device,
¢/ use of the Cable Select (CSEL) pin.

he host shall be placed at one end of the cable. It is recommended that, for a_single devic
nfiguration, the device be placed at the opposite end of the cable from the host. If a singl
evice configuration is implemented with the device not at the end of the cable, a cable stu
results that may cause degradation of signals. Single device configurations with the device ng
t the end of the cable shall not be used with Ultra DMA modes.

- O U

7.2 Electrical characteristics

7.2.1 General

Tlable 4 defines the DC characteristics of the interfacé signals. Table 5 defines the AC
dharacteristics. These characteristics apply to both ‘host and device, unless otherwisg
gpecified.

Table 4 — DC characteristics

Description Minimum Maxihum
loL Driver sink current @ 4 mA
loLDASP Driver sink current for DASP @ 12 mA
loH Driver source current P 400 pA
loHDMARQ Driver source currentfor DMARQ b 500 pA
Iz Device pull-upeurrent on DD(15:8), DD(6:0) and STROBE when -100 pA 200 [uA
released
Izpp7 Device pdll-up current on DD7 when released -100 pA 10 pA
Vin Voltag€ input high 2.0 vDC 5.5 UDC
Vi Voltage input low 0.8 ADC
VoH Voltage output high at /o4 min © 2.4VDC
Vi Voltage output low at /oL min ¢ 0.5 UDC
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 VvDC
VolL2 Voltage output low at 6 mA ¢ 0.51 vDC
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
Soier Rising edge slew rate for any signal @ 1.25 V/ns
SEALL Falling edge slew rate for any signal @ 1:2% Vins
Chost Host interface signal capacitance at the host connector P 2% pF
Cdevice Device interface signal capacitance at the device connector b 20 pF
Additional AC characteristics for Ultra DMA modes greater than mode'4
SRISE2 Rising edge slew rate for DD(15:0) and STROBE 2 0.40 V/ns 1.0]V/ns
SEALL2 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 -
VDSSOH | data signal at VoH due to simultaneous switching of all other datalines high 500 mV
and low by the device ¢
VDSSOL Same as VDSSOH except non-switching data signal at VoL < 500 mV
Induced signal to conductor side of host connector for any‘won-switching data VDD3 -
VHSSOH | signal at VoH due to simultaneous switching of all other data lines high and 600 mV
low by the host ¢
VHSSOL Same as VHSSOH except non-switching data signal at VoL ¢ 60p mV
VRING AC voltage at recipient connector d -1.0V 6]0 V
Cdevice? Device capacitance measured at the confiector pin b 17 pF
c_. Ratio of the highest DD(15:0) or STROBE signal capacitance as measured at .5
ratio 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
MPEAK within 3 ns of crossing 1.5\/¢
The lowest voltage an'a-high signal at the recipient connector at any time 1.7V
VihRING after the rising edge lcrosses Vihpgak until activity driven low by a subsequent
falling transition ©
Vi The lowest-voltage reached on a falling transition at the recipient connector 0j8 v
IIPEAK within 3 ns7of crossing 1.5V ©
The fighest voltage on a low signal at the recipient connector at any time 113V
ViIRING after-the falling edge crosses Vilpgak until activity driven high by a
subsequent rising transition ©
|2 Signalkintegrity may be improved by using slower slew rates at slower transfer rates.
b .Capacitance measured at 1 MHz .
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
7.2.21 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
ut within 12.7 mm (0.5 in) of the connector. The test load and test points should then-b
Idered directly to the exposed source side connectors. The test load shall consist of a 157p
r 40 pF, 5%, 2.03 mm (0.08in) by 1.27 mm (0.05 in), surface mount (or smaller sizq)
pacitor from the test point to ground. Slew rates shall be met for both capacitor .values.
easurements shall be taken at the test point using a 1 GHz or faster test probe with fess tha
1| pF capacitance and greater than 100 kQ impedance connected to a 500/MHKz or fastgr
scilloscope. The average rate shall be measured from 20 % to 80 % of thelsettled V 4 level
ith data transitions at least 120 ns apart. The settled V,y level shall be measured as th
verage output high level under the defined testing conditions from 100.hs after 80 % of g
rlsing edge until 20 % of the subsequent falling edge.

.2.2.2 Vsso

sso shall be tested with the same test cable configuration@s described for slew rate testin
xcept with the test load described here and the cut-cablesconductor configuration. For bot
oL and V,y measurements, the test load shall consist.ofta 90.9 Q 1 % resistor (this also ma
e accomplished by using 1 kQ 1 % and 100 Q 1 %-resistors in parallel) and a 0.1 yF 20 9
pacitor in series to ground. Both resistor and, capacitor shall be 2.03 mm (0.08 in) bj
1.27 mm (0.05 in) or smaller surface mount. ;Fhe order of components should be signa
resistor-capacitor-ground. Refer to 7.2.4.4 for PCB layout requirements related to Vsso.

I < o< D &Q

0 generate a test pattern for Vsson a 32-sector or longer data transfer shall be sent to th
recipient. The first 30 sectors shall contain Fh in order to generate an “all 1s” pattern to pre
harge the capacitor to V,y. The. final sectors of the command shall contain the require
attern for Vsson for at least 2 sectors (i.e., a pattern that holds the data line under test at V,
hile driving a “1010...” pattern on all other data lines. Vsson shall be measured within the firs
2 words after the pre-charge\pattern is complete and the Vsson pattern begins.

—~ L & 1 (D

0 generate a test pattern for VssoL a 32-sector or longer data transfer shall be sent to th
recipient. The first 30-sectors shall contain Oh in order to generate an “all 0’s” pattern to pre
harge the capacitorto V,.. The final sectors of the command shall contain the required patterp
for VssoL for at’least 2 sectors (i.e., a pattern that holds the data line under test at V, while

riving a “1040-"." pattern on all other data lines. Vsso. shall be measured within the first 3p
ords after the pre-charge pattern is complete and the Vsso, pattern begins.

1 (D
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7.2.3 Driver types and required termination

Table 6 — Driver types and required termination

Signal Source Driver type @ Host b Device b Foo::g::s to
RESET- Host TP
DD(15:0) Bidir TS c
DMARQ Device IS8 568 kQPD
DIOR-:HDMARDY- Host TS
‘HSTROBE
DIOW-:STOP Host TS
IORDY:DDMARDY- Device TS 4.7 kQ PU f,
:DSTROBE
CSEL Host Ground 10RQY PU dff
DMACK- Host TP
INTRQ Device TS 10 kQ e
DA(2:0) Host TP
PDIAG-:CBLID- Device TS 10 kQ PU b f, BN
CS0- CS1- Host TP
DASP- Device oc 1kQ PU f,

B TS = Tri-state; OC = Open collector; TP = Totem-pole; PU S'Rull-up; PD = Pull-down.
b All resistor values are the minimum (lowest allowed) except for the 10 kQ PU on PDIAG-:CBLID- which shall|have a
tolerance of +5 % or less.

c Devices shall not have a pull-up resistor on DD7-TFhe host shall have a 10 kQ pull-down resistor and not a|pull-up
resistor on DD7 to allow a host to recognize the'‘absence of a device at power-up so that a host shall detect BSY as
being 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.
© A 10 kQ pull-up or 6.2 kQ pull-downs-depending upon the level sensed, should be implemented at the host.

[ Pull-up values are based on +5 Viec. Except for the pull-up on PDIAG-:CBLID- which shall be to +5 V¢c for backward
compatibility, pull-ups may be t0.Vpp3s. For systems supporting Ultra DMA modes greater than 4, the host pull-up on
IORDY:DDMARDY-:DSTROBE"should be to Vpps.

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

h  The 80-conductor ;cable assembly shall meet the following requirements: the PDIAG-:CBLID- signal spall be
connected 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 devices.

i The host sKall-fiot drive DASP-. If the host connects to DASP- for any purpose, the host shall ensure that thg signal
level detected on the interface for DASP- shall maintain Vo4 and V,_ compatibility, given the I,y and /. requirements
of the DASP- device drivers.

K For-host 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.

should have a separate
transceiver for each port.

Transfer Optional host Recommended host Mandatory host
mode transceiver configuration transceiver configuration transceiver configuration
AIl PIO and One transcelver may be used for [ DIOR-, DIOW- and IORDY Either DIOR-, DIOW-_and

IORDY or CS0- and. €S|
shall have a separate
transceiver forfeach po

1 -

t.

CS1- and DASP-.

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 ,0r-CS0- and CSft-
0, 1,2 DMACK-. transceiver for each port. shall have a separate
transeeiver for each poft.
DMACK- shall have a
separate transceiver fof each
port.
Ultra DMA One transceiver may be used for RESET-, INTRQ, DA(2:0)/ All signals shall have a
hodes >2 signals to both ports for ESO-, CS1- antd ItDASP- §hou|d septarate trtafnscsgglrEfTo each
. ave a separate transceiver port except for -
RESET-, INTRQ, DA(2:0), CS0-, | £, cach port. INTRQ, DA(2:0), CSO0-,[CS1-

and DASP-.

[ |

Table 8 — System configuration for connection between devices

and systems-for all transfer modes

able 8 defines the system configuration for connection between devices and systems for gl
ansfer modes. For Ultra DMA modes requiring an ‘80-conductor cable, that cable shall mee
ne requirements for 80-conductor cables (see 7.3.273).

—

Transfer Single device direct 40-conductor cable 80-conductor cgble
mode connection configuration 2 connection configuration b connection configufation b
All P1O and c
Multiword DMA May be used. May be used. May be used
Ultra DMA
b 1 2 May be'used. May be used. May be used ¢

Ultra DMA modes
>2

May be used (See NOTE 4).

Shall not be used.

May be used d

@ Direct connection is a direct point-to-point connection between the host connector and the device connector.
b The 4Q<conductor cable assembly and the 80-conductor cable assembly are defined in 7.3.

C 80-conductor cable assemblies may be used in place of 40-conductor cable assemblies to improve signal ¢
data transfer modes that do not require an 80-conductor cable assembly.

d*“_Either a single device direct connection configuration or an 80-conductor cable connection configuration sha

uality for

| 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
Q Q
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, series
termination is not required for operation in an Ultr&’DMA mode. Figure 4 shows signals also requiring
a pull-up or pull-down resistor at the host. The" actual termination values should be selected to
compensate for transceiver and trace impedance to match the characteristic cable impedance.

Ve or Vops .
Receiver
Connector
@, VAN
% k
Connector Recoi
IORDY eceiver
—\VVVW——20
X Connector
Driver |
DD7
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

e

ither 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

F
.I.
r
r
r

B
=

greaterttram 5strattmeet thefottowimg:

dre shown in Table 12.

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

3 Connectors and cable asemblies
3.1 General

he device shall implement one of the connector options.described in this subclause.

3.2 40-pin connector
.3.21 General

he I/O connector is a 40-pin connectoryThe header mounted to a host or device is shown i
igure 5 and the dimensions are shawn“in Table 10. The connector mounted to the end of th
able is shown in

igure 6 and the dimensionstare shown in Table 11. Signal assignments on these connector

he pin locations are governed by the cable plug, not the receptacle. The way in which th

bmain in the same relative position. This means the pin numbers of the receptacle may ng
bflect the conductor number of the plug. The header receptacle may or may not be polarize

igure ‘7, conductor 1 on pin 1 of the plug shall be in the same relative position no matter wha

L/(1+(D/H?)<0.8 {1
here

L is the trace length in mm/25.4 (inches);

D is the center-to-center trace spacing of adjacent traces. If both traces care the samg
width, this is equivalent to one trace width plus the trace separation.

H is the height of the trace above a continuous, unbroken supply planesThe plane may bg
power or ground but if a power plane is used, it must be bypassed to the ground plang
on both sides of the DD(15:0) bus near the connector ground pins‘and at the IC.

he units used for D and H shall be the same.

pceptacle is mounted on the printed circuit board affects the pin positions and pin 1 sha]l

y using the plug positions as primary, a straight cable can connect devices. As shown in

[O2=]

e

Q ~

t

t

he_receptacle numbering looks like. If receptacle numbering was followed, the cable woul

d

have to twist 180° between a device with top-mounted receptacles and a device with bottom-
mounted receptacles.
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= A1£TH -
Pos. 2—\ - A3 min - /—POS. 40
-———— —
\ perm I A14+T6
. POPOOOOOO® \OOOOOO®OOO® ©
AB min 0000000 ROOOOO® OO O A5 max A
J —
A /—» ~AT0: 715  \_Pos. 20 \_A
Pos. 1 Pin removed Pos. 39 Detail A
A8+ T4
Pin 1 F = Square or round pin Detail A
indicator -+ | |= A9 min ! Y
A V . .
A7 max ” " A1Z2_min Ad+T3 Al1A +T5/-T3

F - ol [=A10£T5

Section F-F
Figure 5 — Host or device 40-pin\l/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
A1 6.35 0.250
A12 6.48 0.255
A13 0.33 0.013
Atd 0758 07623
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 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 1/O cable connector

Table 11 — 40-pin1/O cable connector

Dimension mm in
A1 55.37 2.180
AZ 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 (keypin)
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
P Pin 32 was defined as IOCS16 in ATA2;”ANSI X3.279-1996.
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

o provide better signal integrity, the optional 80-conductor cable assembly is specified for us
ith 40-pin connéetors. Use of this assembly is mandatory for systems operating at Ultra DM
nodes greaterthan 2. The mating half of the connector is as described in 7.3.2. Every othg
onductor in.the 80-conductor cable is connected to the ground pins in each connector.

P

O o< -
=

Tlhe elecirical requirements of the 80-conductor ribbon cable are shown in Table 14 and the
physical requirements are described in Figure 9 and Table 15.

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)
Grounad-signal-grounad
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 5:44

A1+ T1

- A2 +
Polarity stripe A2 £ T

on #1 conductor j\ A3HT2
(0){(e)(e){e)(9)(@) /)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 6102 6-004
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—41 -
et A1 -
~ A2 >|< A3 >
- o
- 8 8
g 5 5
T O O
Host Connector Polarity stripe on Device 1 Device 0
#1 conductor Connector Connector

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 thanor equal to A3.
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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
DDo6 [S) 9 10 Ground
DD9 6 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
BMACK- 29 57 58 Ground
Ground 30 59 60 Ground
INTRQ 31 61 62 Ground
Reserved 32 63 64 Ground
DA1 33 65 66 Ground
PDIAG- 34 2 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

—43 -

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 7 DD5
Ground 15 16 8 DD10
Ground 17 18 9 DD4
Ground 19 20 10 DD11
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
Gfound 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 71 72 36 DA2
Ground 73 74 37 CSO0-
Ground 75 76 38 CS1-
Ground 77 78 39 DASP-
Ground 79 80 40 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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Pin 1

Termination block

Characters located
approximately where shown
XXX =EVN or ODD

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

7.3.3 4-pin power connector

7.3.3.1 General

he power connector is a 4-pin connector. The header meunted to a device is shown in Figur
2 and the dimensions are shown in Table 19. The connéctor mounted to the end of the cabl
5 shown in Figure 13 and the dimensions are shown‘\in Table 20. Pin assignments for thes

i
donnectors are shown in Table 21.

A7 £ T2 X 45° —»[-a—— AG +T3/-T2 -C-
—

(2X) <— A16 min*—= A8 min
— A2 — A10 —»=
| | [4-AT3 @X) R A14 Ref

- Spherical R

ORI L .
X

J
o A1+ T1 (@x=—TH= i

[e[o]afalslc] ™| ™ T = B | Al1—=

Pin 1

///

Unless otherwise specified, all tolerances are + T3

(O]

* T

A7 eloall 4 ol A
- Sridir TIUL TALCTU A

oo bl Jostital F A, Wa ol
FIc el ance bunu up Ur AU aliud A

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 68 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 0.150
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 A11 —gi—
A10 (4X)—m=] | < -
A12
- | 4
~—— A5 +T2/-T3 -C-
Pin 1
+ Y *' <a—AG + T1 X 45° Ref (2x)
[

A4+ T1 é} @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
AR 2100 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 poweri.connector pin assignments

Power line Pin
+{2V 1

+12V return 2

+5 V return 3
+5V 4

7.3.3.2 Mating performance

-

lating force should be 1.75 kg (3.85 Ibs) maximum per contact.
Unmating.force should be 113.5 g (0.25 Ibs) minimum per contact.

7.34 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

C-D—Silave

o E-F - Master
¢/ G through J - Vendor specific

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

Dimensioning of the 40- pin
signal connectorarea per
figure 5

—= A6
A7 . /— Pin H Pin\40 ‘

$$$~¢:§of?§gg cootoesetecatacnatet || 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
,I\‘R RQ.R{\ Z.Rnn
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
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Dimensioning of
the 4-pin power Pin B
connector area

per figure 12 A5 —
7 AB ~— PinJ

Dimensioning of the 4 0-pin
signal connector area per

figure 5

Pin 40—\

;l_l m :~,
¢ 444 22000

@@B@@’G

\
OPCHIDADOCD ®

A9

Tolerances £0.254 mm (0.010 in) unless otherwise spedcified

QPRI OCPRIICRDRICD D A1
- _pin -
—/ | A2 — ———
Pin A —= A4 - A3
— A8

Figure 15 — Unitized connector

Table 23 — Unitized connector

Dimension mm in
A1 8.51 0.335
A2 5.571 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

>

N 0

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

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

n alternative-connector is often used for 65 mm (2.5 in) or smaller devices. This connector i
hown in Figure 16 with dimensions shown in Table 24. Signal assignments are shown in Tabl
5. Althodgh'there are 50 pins in the plug, a 44-pin mating receptacle may be used.

[2]

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

Pos. B
\n

/ L A \ Pos. D
Pos. 20 Pos. 2 Pos. Eand F

Pos-44— Pin-removed .
Pins removed

_L—>||<— A2+ T1

Section A-A

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

Table 24 - 50-pincconnector

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
DD6 5 5 6 6 DD9
DD5 7 7 8 8 DD10
DD4 9 9 10 10 DD 11
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
DIOR-:HDMARDY-:HSTROBE 25 25 26 26 Ground
IORDY:DDMARDY- 27 27 28 28 CSEL
:DSTROBE
DMACK- 29 29 30 30 Ground
INTRQ 31 N 32 32 Obsolete (see 2)
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 connectign

a8 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. Thi

S

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.

—]

o simplify the implementation of dual-interface devices, the 68-pin AT attachment interfac
haintains commonality with as many PC Card ATA signals as possible, while suppofting fu
ommand and signal compliance with this standard.

(@]

he 68-pin pinout shall not cause damage or loss of data if a PCMCIA card \is” accidentall
lugged into a host slot supporting this interface. The inversion of the RESET signal betwee
nis standard and PCMCIA interfaces prevents loss of data if the device is unable t
bconfigure itself to the appropriate host interface.

il o |

7.3.6.2 Signals

—

his standard relies upon the electrical and mechanical characteristics of PCMCIA and unles
therwise noted, all signals and registers with the same *names as PCMCIA signals an
pgisters have the same meaning as defined in PCMCIA.

il o)

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

7.3.6.3 Signal descriptions
7.3.6.3.1 General

Any signals not defined below shall*be as described in this standard, PCMCIA, or the PC Car
ATA documents.

name of the PCMCIA equivalent.

Table 26 — Signal assignments for 68-pin connector

Tlable 26 shows the signals-and relationships such as direction, as well as providing the signal

9]

=}

o0

Pin Signal Hst | Dir Dev PCMCIA Pin Signal Hst Dir Dev PCMCIA
1 Ground X - X Ground 35 Ground X - X Grpund
2 DD3 X PN X D3 36 CD1- X « X cp1-
3 DD4 X o X D4 37 DD11 X o X 11
4 DD5 X PN X D5 38 DD12 X PN X D12
5 DD6 X PN X D6 39 DD13 X PN X D13
6 DD7 X PN X D7 40 DD14 X PN X D14
7 CSo0- X - X CE1- 41 DD15 X PN X D15
8 - i A10 42 CS1- X - x(1) CE2-
9 SELATA- X - X OE- 43 «— i VS1-
10 44 DIOR- X - X IORD-
11 CS1- 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 V[S2-
24 - i A5 58 RESET- X - X RHSET
25 - i A4 59 IORDY o «— x(3) WRAIT-
26 - i A3 60 DMARQ o «— x(3) INHACK-
27 DA2 X - X A2 61 DMACK- o - o REG-
28 DA1 X - X A1 62 DASP- X PN X BYD2/
SRKR-
29 DAO X - X A0 63 PDIAG- X PN X BYD1/
ST$CHG
30 DDO X PN X DO 64 DD8 X PN X D8
31 DD1 X PN X D1 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 Cp2-
101S16
34 Ground X >\ X Ground 68 Ground X - X Grpund
The following applies to the.dévice.
a) The device shall support only one CS1- signal pin.
b) The device shall-support either M/S- or CSEL but not both.
c) The deviceshall hold this signal negated if it does not support the function.
Key
Dir = the=direction of the signal between host and device.
x_itnthe Hst (host) column = this signal shall be supported by the Host.
xin the Dev (device) column = this signal shall be supparted 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.

[T B nlhan £ 4 aleX]
LLEn | T LI A"A 4]

re-two-pthrs—as
7.3.6.3.5 DMACK- (DMA acknowledge)

This signal is optional for hosts and devices.

If this signal is supported by the host or the device, the function of DMARQ"shall also b
slupported.

7.3.6.3.6 DMARQ (DMA request)

This signal is optional for hosts.

If this signal is supported by the host or the device, the~function of DMACK- shall also b
slupported.

7.3.6.3.7 IORDY (1/0 channel ready)

This signal is optional for hosts.

7.3.6.3.8 M/S- (Master/slave)

his signal is the inverted form of ‘CSEL. Hosts shall support both M/S- and CSEL thoug
evices need only support one or the-other.

el |

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

71.3.6.3.9  SELATA- (sélect 68-pin ATA)

—]

his pin is used by-ihe host to select which mode to use, PC Card ATA mode or the 68-pi
node defined in-this standard. To select 68-pin ATA mode, the host shall assert SELATA- prid
b applying power to the connector and shall hold SELATA- asserted.

= 3

The deviece,shall not re-sample SELATA- as a result of either a hardware or software reset. Th
deviceshall ignore all interface signals for 19 ms after the host supplies V¢ within the device'
voltage tolerance. If SELATA- is negated following this time, the device shall either configur

=

- D

M » O

ifself 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

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 in the

Compact Flash specification.
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7.3.6.4.2 Device recommendations

The following are recommendations to device implementors:

CS0-, CS1-, RESET- and SELATA- signals be negated on the device to prevent false
selection during hot insertion.

Ignore all interface signals except SELATA- until 19 ms after the host supplies V¢c 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

Q0 < -

.3.6.4.3 Host recommendations

he following are recommendations to host implementors:

3.7 48 mm (1.8 in) 3.3 V parallel connector

he connector for the 48 mm (1.8 in) 3.3 V. parallel form factor device is defined in Figure 1
ith dimensions as defined in Table 27. Pin assignments are defined in Table 29. The hos
onnector for the 48 mm (1.8 in) 3.3 V*parallel form factor device is defined in Figure 18 wit
imensions as defined in Table 28. Rin-assignments are defined in Table 29.

nngofnd fnlln\uing the 10 ms de-holunce rlnloy fimn, the device -disables itsalf until ‘/uu IS

removed.

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

Connector pin sequencing to protect the device by making contact, to ,ground before any
other signal in the system.

SELATA- to be asserted at all times.

All devices reset and reconfigured to the same base address*each time a device at thg
address is inserted or removed.

—

—

The removal or insertion of a device at the same address is to be detected so as to prever
the corruption of a command.

Provide a method to prevent unexpected removalof'the device or media.

5 —~+ N

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

1= -.4*7888-888888-888%88—8—888—88- e

i
Pin 44 —| Pin 2
Pin F (open) \_ pin D

1] [€—A32T1
<« A2+T1

<« AT —————— >

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

Contact No. E

Contact No. 43

Contact.No: 1 Ty
i M
R T TR R XS

Contact r\'lo. 2
Contact No. F
Contact:No. B

=i
=5

A9 +T3/-T2
Contact No. 44

Dimensions Value Value
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
A6 1.50 0.059
T1 0.15 0.006
T2 0.05 0.002
T3 0.10 0.004
T4 0.00 0.000
A0 A5l e > X
H !
i .
U L HUCKLCCAHH
: |
I |- d— A3 L
sl
A4 - . i
il op3 T A9 +T3/-T2

DA13 £T4

— Al4 |a—
SECTIONY -Y

Figure 18 — 48 mm (1.8 in) 3.3 V parallel host connector
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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
AB 36.70 1.445
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 02050
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 conpection
21 DMARQ 22 Ground
23 DIOW-:STOP 24 @round
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) form factor
7411 General
The 95 mm (3.5 ip)\form factor is shown in Figure 19 with dimensions as shown in Table 30.
Rhysical dimensions shall be measured at 20 °C + 2 °C. The device shall not be exposed tp
ny conditions (transit temperatures, shock, etc.) beyond the manufacturer’s specified limits
efore measurement.
heApasition of four mounting holes on the bottom of the device and two mounting holes oh
ach side of the device are specitfied.

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)
/ o
Connector end
—A8+T2
{L
-Y - ? A
A7+T2
A6 +T1
A9 £T1
J_. & A2
(length)
6 —32 UNC - 28
3 min. thread depth
3.8 max. fastener _GF___'_
penetration
(typical 8x) '
—»| |4—A5+T1 — ‘<—A10iT1
—A4ET1 B

<+— A3 —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
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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7.4.1.2 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
connectors on the 95 mm (3.5 in) form factor is not specified.

7.4.2 65 mm (2.5 in) form factor

7.4.21 General

The 65 mm (2.5 in) form factor is shown in Figure 20 with dimensions shown in Table31.
Rhysical dimensions shall be measured at 20 °C + 2 °C. The device shall not be exposedp
gny conditions (transit temperatures, shock, etc.) beyond the manufacturer’s specified Himits
before measurement.

Sixteen mounting holes are defined in Figure 20. Only eight of these mounting\holes need bg
mplemented, as shown in Figure 21.

—
P

he Device PCB may extend beyond the HDA. If it does, there is a spacelat the end of the HD
nderneath or above the PCB overhang. This dead space shall not heyencroached upon by th
ost system.

C
oD

o

m
=

xcept for attachment points, 0.75 mm clearance around{thé device is recommended fg
ooling airflow.

(@]
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Portions of this surface may be recessed

v

A1+T1-T2
~Z-

Connector end

A20 A1 —\ , A18 £ _\
g e A
A 44 #MNAT%DFSFT_IED ) A A -
w KT BL2A o2 N
Fldegm aumenis o d
A21 \X1/ A Ao |
A3 /E_ |-¢|®A14 @|| A12 ?: | ?
g+ 2/ Gt L Lo
A j \X4/ \Z68/ | GADS -
A4 -< A9 — |<—A10—> R \Z8/ Detail A
A2+ T3 = This surface to be flush
Detail A (see detailA) or below datum
A DAI54PLC
O 1 e roe o dmersion @)y |- AT6 4 PLO M
Do 2472 o Ilﬂi./;////
e e ol B\
©f =3 A1f 7 4 PLC min
@A/If this holevexists dimension Section A-A
A2 + T3 applies 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
A1 9.50 0.374
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.
A7 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 J‘70nly one of these r
ool : el QO Q PR : . N Q
NMoOICSTSTCqUirTa NMUICS TS TEYQUITEU
QyOnIy one of these 4o Only one of these 10
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 40 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

>y
—h

65 mm (2.5 in) form factor device shall use the 50-pin<connector (see 7.3.5). The location ¢
ne connector on the 65 mm (2.5 in) form factor is defined in Figure 22 with dimensions showp
im Table 32.

—
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See detailAN/_\
m_( |:::5)::::::::::::::::::"ﬂ

oo
ogd
oo
| —

e |

[Z-]6
A 4 A8
Detail A View A - A

Figure 22 — 65 mm (2.5 in) form factor connector location



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

- 64 - 24739-2 © ISO/IEC:2009(E

Table 32 — 65 mm (2.5 in) form factor connector location

=~

= [T

o

O m

mplemented.

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
A6 3.99 0.157
A7 0.25 min. 0.010 min.
A8 1.25 min. 0.049 min.

4.3 48 mm (1.8 in) PCMCIA form factor
4.31 General
he 48 mm (1.8 in) PCMCIA form factor is defined in the PC Card.Standard.

.4.3.2 Connector location for 48 mm (1.8 in) PCMCIAdorm factor

he connector location for the 48 mm (1.8 in) PCMCIA form factor is defined in the PC Car
tandard.

4.4 48 mm (1.8 in) 5 V parallel form factor
4.4.1 General

he 48 mm (1.8 in) 5V parallel form fdctor is shown in Figure 23 with dimensions shown i
able 33. Physical dimensions shall\be measured at 20 °C + 2 °C. The device shall not b
xposed to any conditions (transit-“temperatures, shock, etc.) beyond the manufacturer’
pecified limits before measurement.

ight mounting holes are)defined in Figure 23. All of these mounting holes shall b

he Device PCB mayextend beyond the HDA. If it does, there is a space at the end of the HD
nderneath or above the PCB overhang. Such dead space shall not be encroached upon by th
ost system.

xcept for attachment points, 0.75 mm clearance around the device is recommended fg
oolingrairflow.

)

[ BCER=]

oD =

=
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v

AT T2

.

-Z-
Connector end %
S A1S
z3) | A5

Portions of this surface may be recessed

OATY
GAD:

A11 Giaty sz .

v ¥ Bah e vy

. A7THD8PLC L— o]
T Min A16 Full THD F ?
10| 9A8 ©IZ [X]Y]

A12 A13 THD 8 PLC A6

A3 ¢ Min A17 Full THD

[
INIAL
l__ [R[2A14 GIZ[X]Y] o o L
Ad —>|:—\ paty _—¥
) 2 —alleaio— N2,
-Z-] €— A2+ T3 —P
X

This surface to be
or below datum

<@— 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
A5 2.95 0.116
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 0y000
A14 0.50 0.020
A15 4.00 0.157
A16 2.80 0.110
A17 2.80 0.110
T1 0300 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/_\

_Z- :

\‘_/4_/“ N pin 1
N
oY -

-
E-Ill # @

{ i
i
-t Seqroooo
ooo

-7-|A5

3
1

A 4 AT
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 Value
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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7.4.5 48 mm (1.8 in) 3.3 V parallel form factor
7.4.51 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.

T
imterconnect or mounting area.

m

xcept for attachment points, 0.75 mm clearance around the device is recommended fg
ooling airflow.

(@]
=

ATy

—P A1 £T1

—P» A8 £T1 A5 min

—P — A9 +T2

—p A10 £T4 |£7AB T2 i
I__ n y T
&)

{
|
>l

NOTE -

: Interconnect or mounting area
or : Grounding area

Figure 25 — 48 mm (1.8 in) 3.3 V parallel form factor
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Table 35 - 48 mm (1.8 in) 3.3 V parallel form factor

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
A5 6.50 0.256
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

7.4.5.2 Connector location for 48 mm (1.8 in) 33V parallel form factor

Tlhe connector location for the 48 mm (1.8 in) 3.3 \/'parallel connector is described in 7.3.7.

7.4.6 130 mm (5.25 in) form factor
7.4.6.1 130 mm (5.25 in) HDD form*factor
7-4.6.1.1 General

The 130 mm (5.25 in) HDD form factor is shown in Figure 26 with dimensions shown in Table
36. Physical dimensions shall' be measured at 20 °C £ 2 °C. The device shall not be exposed tp
gny conditions (transit temperatures, shock, etc.) beyond the manufacturer’s specified limits
before measurement.

—

he position offour mounting holes on the bottom of the device and four mounting holes op
gach side of the-device are specitfied.

m
=

xcept<for” attachment points, 0.75 mm clearance around the device is recommended fg
ooling7airflow.

(@]
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A1 (height)
/ =
Connector end
4
Y- f * A
A7 A8
4+ 4|
AB A9 (length)
6 —32 UNC - 28 j
3 min. thread depth \ J
3.8 max. fastener
penetration (typical) | [®—AS p |<__A10
Ad > -~ A1l |—
X - |[—— A3 (width) =]

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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7.4.6.2 130 mm (5.25 in) CD-ROM form factor
7.4.6.2.1 General

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 pasition of four mounting holes on the hottom of the device and four mounting holes o
gach side of the device are specified.

m

xcept for attachment points, 0.75 mm clearance around the device is recommended fg
ooling airflow.

A1 (height)

A '

(@]
=

Connector end

A7 A8
#9_ _+_ _49_49__ ; A2
A6 A9 (length)
6 —32UNC - 28 f
3 min. thread depth v
3.8 max. fastener | ~-
penetration (typical) | [€—A5 —> A0 \ [-Y-]
> —» A1l |- Bezel mounts to
Ad this surface

X - |— A3 (width) —p»

Figure 27 — 130 mm (5.25 in) CD-ROM form factor
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Table 37 — 130 mm (5.25 in) CD-ROM form factor

Dimension Value Vglue
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 139.70 5.500
A5 3.15 0.124
AB 79.20 3.118
A7 52.40 2.063
A8 52.40 2.063
A9 79.20 3.118
A10 10.00 0.394
A11 21.80 0.858

130 mm (5.25 in) CD-ROM form factor connector location

9]

130 mm (5.25 in) CD-ROM form factor device shalliuse the 40-pin signal connector (se
.3.2) and the 4-pin power connector (see 7.3.3)>’The location of connectors of thesg
onnectors as well as the additional audio connectors is shown in Figure 28.

Digital  Analog .
Audio Audio  csM Signal Power
4321 SLA 9 1 4321
|—' ‘—I FT 1 e
":,—_I—I... || ......... DI || (ooooj
DG RGNDL 40 2  +5V GND +12V
Pin20 keyed (removed) —
Connectors on top of PCB PCB
Digital) Analog
Addio  Audo cgm Signal Power
1234 SLA 39 1 1234

D||=\_.JJ === ||333:::::::::::::::::|| (0oo0o0J

LGND R 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 — Interface signal name assignments

Description Host Dir Dev Acronym
Cable select (See 2) CSEL
Chip select 0 - CSO0-
Chip select 1 - CS1-
Data bus bit 0 “ DDO
Data bus bit 1 < DD1
Data bus bit 2 o DD2
Data bus bit 3 “ DD3
Data bus bit 4 “ DD4
Data bus bit 5 “ DD5
Data bus bit 6 “ DD6
Data bus bit 7 “ DD7
Data bus bit 8 “ DD8
Data bus bit 9 “ DD9
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 15 “ DD15
Device activeor slave (Device 1) present (See 2) DASP-
Device-address bit 0 - DAO
Dévice address bit 1 - DA1
Device address bit 2 - DA2
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 on the

source of these signals.

8.2 Signal descriptions

8.2.1 CS(1:0)- (Chip select)

Tlhese are the chip select signals from the host used to select thezCemmand Block or Contrg
Block registers (see Clause 10). When DMACK- is asserted, CS0~and CS1- shall be negate
gdnd transfers shall be 16 bits wide.

[®N

8.2.2 DA(2:0) (Device address)

>

his is the 3-bit binary coded address asserted by thé-host to access a register or data port i
he device (see Clause 10).

=

8.2.3 DASP- (device active, device 1 present)

Ccl

uring the reset protocol, DASP- shall be asserted by Device 1 to indicate that the device is
pgresent. At all other times, DASP- may be asserted by the selected active device.

8§.2.4 DD(15:0) (Device data)

Tlhis is an 8- or 16-bit bi-directional data interface between the host and the device. DD(7:(
dre used for 8-bit registef transfers. Data transfers are 16-bits wide except for CFA device
that implement 8-bit data-transfers.

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

D —

=]
[2]

IOR- is the“strobe signal used by the host to read device registers or the Data port. Data i
anferred-en the negation of this signal.

—

-
]

DMARDY- is a flow control signal for Ultra DMA data-in bursts. This signal is asserted by th
hostyto indicate to the device that the host is ready to receive Ultra DMA data-in bursts. Th
ostmay megate HDMARDY=to pauseamtbttra BMAdata=mmburst:

[

p—

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

hen DMACK- is asserted, CS0- and CS1- shall not be asserted and transfers shall be 16-bits

ide.

.2.8 DMARQ (DMA request)

his signal, used for DMA data transfers between host and device, shall be asserted by th
evice when the device is ready to transfer data to or from the host{ Bor Mulitword DM
ansfers, the direction of data transfer is controlled by DIOR- and DIQW=. This signal is use
a handshake manner with DMACK-, i.e., the device shall wait until'the host asserts DMACK
efore negating DMARQ and re-asserting DMARQ if there is.‘more data to transfer. Fg
ultiword DMA transfers, the DMARQ/DMACK- handshake iskused to provide flow contrg
during the transfer. For Ultra DMA, the DMARQ/DMACK- handshake is used to indicate whe
the function of interface signals changes.

—

—

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

8.2.9 INTRQ (Device interrupt)

i$ set. When the nlEN bit is cleared to*zero and the device is selected, INTRQ shall be enable
hrough a tri-state buffer. When¢the nlEN bit is set to one or the device is not selected, th

Tihis signal is used by the selected device to interrupt the host system when Interrupt Pendin
i
t
INTRQ signal shall be released:

When asserted, this signal’shall be negated by the device within 400 ns of the negation g
DIOR- that reads the-Status register to clear Interrupt Pending. When asserted, this sign3
shall be negated by\the device within 400 ns of the negation of DIOW- that writes th
Gommand register toclear Interrupt Pending.

Vhen the device is selected by writing to the Device register while Interrupt Pending is se
NTRQ shall be asserted within 400 ns of the negation of DIOW- that writes the Devic
bgister—When the device is deselected by writing to the Device register while Interrug

o1 o<

evice register.

ending-is set, INTRQ shall be released within 400 ns of the negation of DIOW- that writes thge

0 = = 1 o F 0

=y T o

0 =

e
t

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 sha
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

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

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

-
[oN

DIAG- shall be asserted by Device 1 to indicate to Device 0 that Device- 1xhas complete
iagnostics (see Clause 11).

Q.

—

he host may sample CBLID- after a power-on or hardware resef\in order to detect the
pgresence of an 80-conductor cable assembly by performing the following steps.

gq) Wait until the power-on or hardware reset protocol is compléete for all devices on the cable;
remember which devices are present for the last step.
B) If Device 1 is not present, go to step d).

d) Issue IDENTIFY DEVICE or IDENTIFY PACKET DEVICE to Device 1. From the informatiop
returned, save word 80 and word 93 for the last step.

=z

OTE 1 Word 80 bit 3 indicates compliance with ATA-3 or'subsequent standards and word 93 bits (15:13) indicafe
Lpport of and results from sampling CBLID- at the device:

) Issue IDENTIFY DEVICE or IDENTIFY~PACKET DEVICE to Device 0. From the information
returned, save Word 93 for the last step.

[

Q.

NOTE 2 Word 93 bits (15:13) indicate support of and results from sampling CBLID- at the device.

[0)
—

) Detect the state of the CBL|D-/signal at the host connector and save the result for the las
step.

—_

OTE 3 Any device compliant with ATA-3 or subsequent standards releases PDIAG- no later than after the fir
bmmand following a power-on“or hardware reset sequence and will not interfere with host detection of CBLID-
is step. Some devices_claiming compliance with ATA-3 or subsequent standards are known to continue to assef
BLID-:PDIAG- which semetimes causes a 40-conductor cable assembly to be detected as an 80-conductor cab
ssembly.

=}

Q=0 =Z
—

[©)

- o

Look up theeutput in Table 39 based on the inputs saved from steps a), c), d) and e).
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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

Low 0 00X or 1XX Device absent (See 2)

Low 0 00X or 1XX 00X or 1XX (See‘@)

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«IXX 010 (See b)

Low 1 00X+or 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 Xrepresents a don’t-care input.

2 Host cannot/determine cable type due to insufficient information. For these cases, host should not
use UltrayDMA modes higher than mode 2 without using other means to confirm presence of 80-
conductor cable.

b Host cannot determine cable type due to conflicting information. For these cases, host should not
use Ultra DMA modes higher than mode 2 without using other means to confirm presence of 80-
conductor cable.

Jee 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.

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

¢SEL shall be grounded by the host.

o]

.2.13.2 CSEL with 40-conductor cable

Special cabling may be used to selectively groun . of Device 0 is connected to the
g ial cabli b dt lectivel d CSEL. CSEL of Device 0 i ted to th
GSEL conductor in the cable and is grounded, thus allowing the device to récognize itself as
Qevice 0. CSEL of Device 1 is not connected to the CSEL conddetor, thus the device
recognizes itself as Device 1. If a single device is configured at the\end of the cable using
GSEL, a Device 1 only configuration results. See Figure 29 and Figure-30.
CSEL conductor |
Open
Ground |
Host Device 0 Device 1
CSEL conductor |
Open
Ground |
Host Device 1

Figure 29 — Cable select example

8.2.13.3\. CSEL with 80-conductor cable

Hor")designated cable assemblies (including all 80-conductor cable assemblies), thesp
assemblies are constructed so that CSEL 1S connected from theé host connecior 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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ay — —

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

A

Parallel interface general operational requireménts of the physical, data link
and transport layers

Interrupts

NTRQ is used by the selected device to netify the host of an event. The device interng
nterrupt Pending state is set when such an@vent occurs. If nlEN is cleared to zero, INTRQ is
sserted (see 8.2.9).

he device shall enter the Interrupt Pending state when

Figure 30 — Alternate cable select example

any command except. a PIO data-in command reaches command completio
successfully;

=)

—

M

2) any command reache’s command completion with error;

3) the device is ready to send a data block during a P1O data-in command;

4) the device.is.ready to accept a data block after the first data block during a PIO data-oy
command;

5) a devic¢e implementing the PACKET Command feature set is ready to receive th
command packet and bits (6:5) in word 0 of the IDENTIFY PACKET DEVICE data hay,
the'value 01b;

6). ‘a device implementing the PACKET Command feature set is ready to transfer a DRQ
data block during a PIO transfer;

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

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

9) 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

Pd

ultiword DMA is a mandatory data transfer protocol used with the READ DMA, READ (DM
XT, WRITE DMA, WRITE DMA EXT, READ DMA QUEUED, READ DMA QUEUED-EXT,
RITE DMA QUEUED, WRITE DMA QUEUED EXT and PACKET commandsyWhen g
ultiword DMA transfer is enabled as indicated by IDENTIFY DEVICE or IDENTIEY PACKE[
EVICE (see ISO/IEC 24739-1:2008, Clause 6) data, this data transfer protocol shall be usefd
fpr the data transfers associated with these commands. DMA transfer modes imay be change
sing the SET FEATURES 03h subcommand (see ISO/IEC 24739-1:2008, Clause 6). Signal
timing for this protocol is described in 12.2.4.

[®N

]

he DMARQ and DMACK- signals are used to signify when a Multiword DMA transfer is to b
xecuted. The DMARQ and DMACK- signals are also used to\control the data flow of
ultiword DMA data transfer.

[V

hen a device is ready to transfer data associated withca Multiword DMA transfer, the devic
hall assert DMARQ. The host shall then respond by hegating CS0- and CS1-, assertin
MACK- and begin the data transfer by asserting, ‘thén negating, DIOW- or DIOR- for eac
ord transferred. CS0- and CS1- shall remain negated as long as DMACK- is asserted. Th
ost shall not assert DMACK- until DMARQ has_ been asserted by the device. The host shal
imitiate DMA read or write cycles only when both DMARQ and DMACK- are asserted. Havin
sserted DMARQ and DMACK-, these signals shall remain asserted until at least one word ¢
ata has been transferred.

= 0 oS D

(o)

—

he device may pause the transfer'for flow control purposes by negating DMARQ. The hos
hall negate DMACK- in responsejto the negation of DMARQ. The device may then reasserf
MARQ to continue the data transfer when the device is ready to transfer more data anfd
MACK- has been negated-by:the host.

| |
—

=

he host may pause tthe transfer for flow control purposes by either pausing the assertion ¢
IOW- or DIOR- pulses or by negating DMACK-. The device may leave DMARQ asserted
MACK- is negatéd> The host may then reassert DMACK- when DMARAQ is asserted and begi
sserting DIOW.- or DIOR- pulses to continue the data transfer.

—

[ o |
=

Vhen the Multiword DMA data transfer is complete, the device shall negate DMARQ and the
ost shall*negate DMACK- in response.

O <

ODOMARQ 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.,
ommand Block Register access).

everal signal lines are redefined to provide different functions during an Ultra DMA ‘burst.
hese lines assume these definitions when

= ds)

Q

) an Ultra DMA mode is selected and

b) a host issues a READ DMA, WRITE DMA, READ DMA QUEUED, WRITE'DMA QUEUEND,
or a PACKET command requiring data transfer and

d) the host asserts DMACK-.

These signal lines revert back to the definitions used for non-Ulira DMA transfers upon thg
negation of DMACK- by the host at the termination of an Ultra DMAburst.

With the Ultra DMA protocol, the STROBE signal that latches data from DD(15:0) is generate
bHy the same agent (either host or device) that drives the data onto the bus. Ownership ¢
C
b

~uon

=

D(15:0) and this data strobe signal are given either, to)the device during an Ultra DMA data-i
urst or to the host for an Ultra DMA data-out burst,

—

Quring an Ultra DMA burst a sender shall always drive data onto the bus and, after a sufficier
time to allow for propagation delay, cable séttling and setup time, the sender shall generate
3TROBE edge to latch the data. Both edgés of STROBE are used for data transfers so that th
frequency of STROBE is limited to the same frequency as the data.

U O

ords in the IDENTIFY DEVICE data indicate support of the Ultra DMA feature and the Ultr
[)MA modes the device is capable of supporting. The Set transfer mode subcommand in th
JET FEATURES command shall be used by a host to select the Ultra DMA mode at which th
gystem operates. The UlttaJDMA mode selected by a host shall be less than or equal to th
fastest mode of which the.device is capable. Only one Ultra DMA mode shall be selected at an
given time. All timing‘requirements for a selected Ultra DMA mode shall be satisfied. Device
supporting any Ultra DMA mode shall also support all slower Ultra DMA modes.

Nh < O O D DO

=

An Ultra DMA-Capable device shall retain the previously selected Ultra DMA mode aftg
agxecuting.a\software reset sequence or the sequence caused by receipt of a DEVICE RESE
gommand if a SET FEATURES disable reverting to defaults command has been issued. Th
devicesmay revert to a Multiword DMA mode if a SET FEATURES enable reverting to defau

O > =0

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

(o

1

—

DMARDY- or HDMARDY- and STROBE Is used In cases that could apply to either DSTROBE
r HSTROBE. The following are general Ultra DMA rules.

)

.3.2.2 Ultra DMA burst initiation phase rules

he following rules apply to Ultra DMA burst initiation.

)

.3.2.3 Data transfer phase rules

he following rules~apply to Data transfer.

)

An Ultra DMA burst is defined as the period from an assertion of DMACK- by the host’to the
subsequent negation of DMACK-.

When operating in Ultra DMA modes 2, 1 or 0 a recipient shall be preparedto-receive up t
two data words whenever an Ultra DMA burst is paused. When operating in Ultra DM
modes 6, 5, 4 or 3 a recipient shall be prepared to receive up to three data’words wheneve
an Ultra DMA burst is paused.

= >~ 0O

An Ultra DMA burst initiation phase begins with the assertion of DMARQ by a device an{d
ends when the sender generates a STROBE edge to4ransfer the first data word.

An Ultra DMA burst shall always be requested by.a‘device asserting DMARQ.

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

A host shall never assert DMACK- without first detecting that DMARQ is asserted.

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

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

After negating STOP or.asserting HDMARDY- for an Ultra DMA data-in burst, a host shall
not change the state of ejther signal until the first STROBE edge is generated.

—

The data“transfer phase is in effect from after Ultra DMA burst initiation until Ultra DMA
burst termination.

A récipient pauses an Ultra DMA burst by negating DMARDY- and resumes an Ultra DMA
burst by reasserting DMARDY-.

A sender pauses an Ultra DMA burst by not generating STROBE edges and resumes bly

generating STROBE edges.

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.

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

)
)

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.

—~ () —

=
!
t
g
t

)

N a system using a cable, hosts shall determine that an 80-conductor cable is installed in
ystem before operating with transfer modes' faster than Ultra DMA mode 2. Hosts shall deteq
hat CBLID- is connected to ground to détermine the cable type. See 8.2.11.

or detecting that CBLID- is conpected to ground, the host shall test to see if CBLID- is belo
L or above V. If the signal is below V,, then an 80-conductor cable assembly is installed i
ne system because this signal is grounded in the 80-conductor cable assembly’s hos
onnector. If the signal is @bove V)4, then a 40-conductor cable assembly is installed becaus
nis signal is connected to the device(s) and is pulled up through a 10 kQ resistor at eac
device.

AN Ullra DVIA DUTsT Shall De paused Delfore a recCipielrit requests a termination.

A host requests a termination by asserting STOP. A device acknowledges a termjnation
request by negating DMARQ.

A device requests a termination by negating DMARQ. A host acknowledges a_termination
request by asserting STOP.

Once a sender requests a termination, the sender shall not change the _state of STROB
until the recipient acknowledges the request. Then, if STROBE is not in the asserted state,
the sender shall return STROBE to the asserted state. No data shall be’transferred on thi
transition of STROBE.

A sender shall return STROBE to the asserted state whenever the sender detects
termination request from the recipient. No data shall be transferred nor CRC calculated o
this edge of DSTROBE.

Once a recipient requests a termination, the responder/shall not change DMARDY from thge
negated state for the remainder of an Ultra DMA burst;

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

[

5 D

Host determination of cable type by detecting CBLID-

— D

D5 D ~ 20 <
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Host
connector Device 0 Device 1
Host PCB / connector connector
PDIAG-:CBLID- yd yd
conductor

N/C

: :

2 2
Device 0 Device 1
PCB PCB

For this configuration hosts shall not set devices to operate at Ultra DMA maodes 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
connector Device 1 Device 0
Host PCB / connector connector
PDIAG-:CBLID- yd yd

<}_—_|_N/C conductor

: :

2 2
Device 1 Device 0
PCB 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 host-detects an 80-conductor,
cable

Table 40 — Host detection of CBLID-

Cable assembly Device 1 Electrical state of Host-determined Determination
type releases PDIAG- CBLID- at host cable type correct?

40-conductor Yes 1 40-conductor Yes

80-conductor Yes 0 80-conductor Yes

40-conductor No 0 80-conductor No (see 23)

80-conductor No 0 80-conductor Yes

a 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

Registers used by devices implementing the

PACKET command feature set

PACKET command feature set

Command Block registers

Command Block registers

When read When written When read When written
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 Low

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 Control

Tlhe device response begins_with these steps:

Hor transport protocols and timing, see Clauses*11 and 12.

1) 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- activity.
DMACK- is\not asserted, a device in Sleep mode shall respond as described in Tabl
47, if the.device does not implement the PACKET Command feature set or Table 48,
the device does implement the PACKET Command feature set.

When the host initiates a register or Ddata port read or write cycle by asserting then negatin
d@ither DIOW- or DIOR-, the device(s).shall determine how to respond and what action(s),
gny, are to be taken. The following.text and tables describe this decision process.

i (0]

= D —
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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 ignoréd (possiblg
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 logicakdevice 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 hits

N A A A N R 4 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 4 0 X Place new data into the Featureregister.

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

A N N N A R z X X

A N N A N w 4 0 X Place new datainforthe Sector Count registdr.

A N N A N W Z 1 X DIOW-/DIOR- eycle is ignored.

A N N A N R z X X

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

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 register.

A N A N A w Z 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 bit.

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 register. Po

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

NQTE"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 hife.
N A A A N R X X X Place Status register contents on the databys
(do not change the Interrupt Pending_ state).
N X X X X
DIOW-/DIOR- cycle is ignored,
A\ N N N N 0 0
A\ N N N N X X 0 1 P10 data transfer for thisidevice, a 16-bit dafa
word is transferred via the’Data register.
A\ N N N N X X 1 X Result of DIOW-/DIQGR* cycle is indeterminafe.
3 N N N A w X 0 0 Place new data.into the Features register.
\ N N N A w X 0 1 DIOW- is ignored, this is a malfunction of the¢
host.
A\ N N N A w X 1 X Resdlt of DIOW-/DIOR- cycle is indeterminafe.
3 N N N A R X 0 X Rlace the contents of the Error register on the
data bus.
3 N N N A R X 1 X Place the contents of the Status register on the
data bus.
3 N N A N w X 0 0 Place new data into the Sector Count registdr.
\ N N A N w X 0 1 DIOW- is ignored, this is a malfunction of the¢
host.
A\ N N A N w X 1 X Result of DIOW-/DIOR- cycle is indeterminafe.
3 N N A N R X 0 X Place the contents of the Sector Count regisfer
on the data bus.
3 N N A N R X 1 X Place the contents of the Status register on the
data bus.
3 N N A A w X 0 0 Place new data into the LBA Low register.
\ N N A A w X 0 1 DIOW- is ignored, this is a malfunction of the¢
host.
A\ N N A A w X 1 X Result of DIOW-/DIOR- cycle is indeterminate.
3 N N A A R X 0 X Place the contents of the LBA Low register gdn
the data bus.
3 N N A A R X 1 X Place the contents of the Status register on the
data bus.
A N N w X 0 0 Place new data into the LBA Mid register.
A N A N N w X 0 1 DIOW- is ignored, this is a malfunction of the
host.
A N A N N w X 1 X Result of DIOW-/DIOR- cycle is indeterminate.
N A N N R X 0 X 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 A A 1 Result of DIOW-/DIOR- cycle is indeterminate.
N N R 0 Place the contents of the LBA High register on
the data bus.
Ik‘l A N A R )\ 1 )\ P:GUU thU \JUIIthItO Uf thU Statuo IUH;OtUI UTT he
data bus.
3 N A A N W X 0 0 Place new data into the Device register.
Respond to the new value of the DEV bit.
3 N A A N w X 0 1 DIOW- is ignored, this is a malfuriction of thg
host.
3 N A A 1 Result of DIOW-/DIOR-,cyele is indeterminafe.
A\ A A R 0 Place the contents af the Device register on
the data bus.
A\ N A A N R X 1 X Place the confents of the Status register on {he
data bus.
A\ N A A A w X 0 0 Place new data into the Command register apd
respond-to the new command (exit the Interrupt
Pending State).
3 A A A w X 0 1 Result of DIOW-/DIOR- cycle is indeterminate,
unless the device supports DEVICE RESET.|[If
N A A A W X 1 X )"| the device supports the DEVICE RESET
command, exit the Interrupt Pending state.
3 N A A A R X X X Place contents of Status register on the datd
bus and exit the Interrupt Pending state.
3 A X X X X X X X DIOW-/DIOR- cycle is ignored.
NQTE 1 Except in the DIOx- column, A = asserted;”"N = negated, X = don’t care.
NQTE 2 In the DIOx- column, R = DIOR- asserted, W = DIOW- asserted, X = either DIOR- or DIOW- is asserted.
NQTE 3 Device is selected if the DEV bit.in the Device register is the logical device number of the device.
NQTE 4 For devices implementing.the 48-bit Address feature set, the HOB bit in the Device Control register defines
whiether the current or previous cofitent of the registers is placed on DD(7:0).
(concludeq)
Table 45 — Device is selected, DMACK- is asserted (for Multiword DMA only)
C$0- | 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 wagrd
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.

P4

> > »
H|> z x
M|z x x
Al x x x
| x x
| >x N
gqQ| O O o
gqQ| o O o

Place new data into the Device 0 Device
Control register and respond to the new-valyes
of the nlEN and SRST bits.

Place 00H on the data bus.

DIOW-/DIOR- cycle is ignored

Pl P -
Z|lZ2 >»| >
z|lz »|>»
z|lz »|>»
>z »|=z
S(x x|=>
x| > x|
o)l O o| o
o]l o oOo| o

Place new data into the Device 0 Feature
register.

A\ N N N A R X 0 0 Place the contentsvof the Device 0 Error
register on the data bus.

A\ N N A N W X 0 0 Place new'data into Device 0 Sector Count
register:

A\ N N A N R X 0 0 If-the device does not implement the PACKERT
Command feature set, the device shall placg
the contents of the Device 0 Sector Count
register on the data bus. If the device
implements the PACKET Command feature
set, the device shall place 00h on the data
bus.

A\ N N A A w X 0 0 Place new data into Device 0 LBA Low
register.

A\ N N A A R X 0 0 If the device does not implement the PACKHET
Command feature set, the device shall placq
the contents of the Device 0 LBA Low regist
on the data bus. If the device implements th
PACKET Command feature set, the device
shall place 00h on the data bus.

1
=

(]

A\ N A N N w X 0 0 Place new data into Device 0 LBA Mid
register.

A\ N A N N R X 0 0 If the device does not implement the PACKHET
Command feature set, the device shall placq
the contents of the Device 0 LBA Mid regist¢
on the data bus. If the device implements the
PACKET Command feature set, the device
shall place 00h on the data bus.

=

3 N A N A w X 0 0 Place new data into Device 0 LBA High
register.

A\ N A N A R X 0 0 If the device does not implement the PACKHET
Command feature set_the device shall Ir\ls\m
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.

A N A A N w X 0 0 Place new data into the Device 0 Device
register. Respond to the new value of the DEV
bit.

(continued)
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onding 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,qf
Device 0. Do not respond unless the cammdnd
is EXECUTE DEVICE DIAGNOSTICS.

3 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:

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

Table 47 — Device is in Sleep mode, DEVICE RESET is not implemented, DMACK- is not

asserted
C$0- | 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 z X X
N A A A N w Z X X Place new data into the Device Control
:’:%ister SRST bit and respond only if SRST pit
N A A A N R z X X
N A A A A X z X X
X N X X X . . X X DIOW-/DIOR- cycle is ignored.
A\ A X X X X z X X
NQTE 1 Except in the DJ©Ox-.column, A = asserted, N = negated, Z = released, X = don’t care.
NQTE 2 In the DIOx-(Column, R = DIOR- asserted, W = DIOW- asserted, X = either DIOR- or DIOW- is asserted.
NQTE 3 Device jsyselected 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
oRS T DIUANA Tespona onty 1M oRS 1T DITIS T.

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 4 X X tI;’.Itace new data into the"Dévice register DEV

it.

A\ N A N R 4 X X DIOR- cycle is ighored.

3 N A A A w 4 X X DIOW- cycle lis ignored unless the device is
selected and’the command is DEVICE RESHT.

3 N A A A R 4 X X DIOR- cyetle is ignored.

A\ A X X X X Zz X X DIQW-/DIOR- cycle is ignored.

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

NQTE 3 Device is selected if the DEV bit in the Device registeris the logical device number of the device.

11 Parallel interface transport protocol

11.1 General

o

ommands are grouped into different classes according to the protocol followed for commangd
xecution. The command classes with their associated protocol are defined in state diagramgs

this clause, one state(diagram for host actions and a second state diagram for device
ctions. Figure 34 shows the overall relationship of the host protocol state diagrams. Figure 3p
¢
e
<]

(0]

hows the overall relationship of the device protocol state diagrams. State diagrams definin
these protocols arfe)not normative descriptions of implementations, they are normativ
escriptions of éxternally apparent device or host behavior. Different implementations ar
llowed. See 3:3,8 for state diagram conventions.

device.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 Y Command completed>
- A Service return
- Bus released
A —————
HND: Host Non-Data HPIOI: Host PIO data-
command In command
gt
- = —
!t
HPIOO: Host PIO data- A HDMA: Host DMA
Out command command
gt
L><
- A Y 1
N
HED: Host EXECUTE A
DEVICE DIAGNOSTIC command
>L>
- Y
"l
HDR: Host DEVICE HP: Host PACKET non-
RESET command data & PIO data command
gt
|t
- A Y 1
-
[l -
A<
HPD: Host PACKET HDMAQ: Host DMA
DMA command QUEUED command
|
 — '
- |
g
gt 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 Y Command completed>
- A Service return
L Bus released
A ™
D1SR: Device 1 Software Reset
SRST & Device 1 v
~ A
-
DPIOI;Device PIO data-In
DND: Device Non-Data command command
|t
- A Y |
DPIOO: Device PIO data-Out DDMA: Device DMA
command command
-t
L><
- A y 1
DOED: Device 0 EXECUTE D1ED: Device 1 EXECUTE
DEVICE DIAGNOSTIC command DEVICE DIAGNOSTIC cmnd
e —
|t
gt A Y |
DDR: Device DEVICE RESET DP: Device PACKET non-
command data & PIO data command
(g
—a A |
|
|y
DPD:‘Device PACKET DMA DDMAQ: Device DMA
command 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 sha

)

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.

o o [ WA P

=

e IIUDt ahuu:d IIUt Dct thc SRST blt tU UIl1IT ill thc DCV;bU CUIItIU: ICU;D‘[CI Ul ;bcuc d DI_VI\J
ESET command while the BSY bit is set to one in either device Status register as a result/'a
xecuting the power-on or hardware reset protocol. If the host sets the SRST bit in the Devic
ontrol register to one or issues a DEVICE RESET command before devices have complete
xecution of the power-on or hardware reset protocol, then the devices shall_ignore th
oftware reset or DEVICE RESET command.

(o aNoll

host should issue an IDENTIFY DEVICE and/or IDENTIFY PACKET DEVICE command aftsg
ne power-on or hardware reset protocol has completed to determine. thé current status g
patures implemented by the device(s).

—h — N

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

I

igure 36 and the text following the figure decribe the powerp<on-or hardware reset protocol fqg
ne host. Figure 37 and the text following the figure decribe'the power-on or hardware ress
protocol for the devices.

—

HHRO: Assert_RESET- HHR1: Negate_wait HHR2: Check_status

Power on or RESET- asserted t=32 ms BSY=0
hardyvare reset >25 us (t=0) -~ HHR1:HHR2 ——1— HHR2:HI0 = Host_idle
required HHRO:HHR1 ————=
— xcHHRO BSY =1
HHR2:HHR2 —

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

-

HRO: Assert<RESET- State: This state is entered at power-on or when the host recognize
nat a hardware-reset is required.

—

O o ST

When in-this state, the host asserts RESET-. The host shall remain in this state with RESET|-
gsserted for at least 25 us. The host shall negate CS(1:0), DA(2:0), DMACK-, DIOR- an
DIOW- and release DD(15:0).

—- =

—. =

(2]

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 sha
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 hest
shall take appropriate error recovery action.

DHRO: RESET- DHR1: Release_bus
PDIAG-=X, DASP-=X, BSY=x PDIAG-=R, DASP-=X, BSY=1
RESET- asserted RESET- negated (t = 0) Bus released & Device 1
— xx:DHRO ——=1— DHRO0:DHR1 »— DHRAD1HRO

Bus released & Device 0

DOHRO: DASP-_wait DHR1:DOHR0 —
PDIAG- =R, DASP- =R, BSY=1 /[
D1HRO:(Sét_DASP-
t>1ms / PDIAG- =R, DASP- =R, BSY=1
DOHRO:DOHR1 — = —_—

DOHR1: Sample_DASP- DASP- asserted
PDIAG- =R, DASP- =R, BSY=1 — D1HRO:D1HR1
Sample DASP-

- . D1HR1: Set_status
DOHR1:DOHR1 PDIAG- =R, DASP- =A, BSY=1

DASP- asserted
DOHR1:DOHR2 — = Status set, passed diagnostic
450 ms < (<Qs | D1HR1:DI2—=Device_idle_NS

— DOHR1:DOHR3
Clearbit 7

BSY=0, PDIAG-=A

Status set, failed diagnostic
— D1HR1:DI2-==Device_idle_NS
BSY=0, PDIAG-=N

DOHR2: Sample) PDIAG-
PDIAG- =R, DASP- =R, BSY=1

————
e

DOHR3: Set_status

Resample PDIAG-
PDIAG- =R, DASP- =R, BSY=1

DOHR2:DOHR2 — r—
PDIAG- asserted Status set
— DOHR2a:DOHR3 #— DOHR3:DI1— Device_idle_S
1 Clear bit 7 BSY=0
t>31s
— DUOHRZD:DUHRS —
Set bit 7

BSY DRQ REL SERV C/D /0 | INTRQ | DMARQ | PDIAG- | DASP-
\ 0 0 0 0 0 R R Vv Vv

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 device has determined that the device is Device 0, hals
released the bus signals and has set BSY to one, then the device shall make a transition-fo\th
ODOHRO: DASP-_wait state.

[

-]

ransition DHR1:D1HRO0: When the device has determined that the device is BDevice 1, hajs
bleased the bus signals and has set BSY to one, then the device shall make a‘“transition to th
1HRO: Set_ DASP- state.

_‘
[

Ccl

™

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

(7]

When in this state, the device shall release DASP- and clear the 'DEV bit in the Device regists
b zero within 1 ms of the negation of RESET-.

—
'~

ransition DOHRO0:DOHR1: When at least 1 ms has elapsed since the negation of RESET-, the
evice shall make a transition to the DOHR1: Sample..DASP- state.

Q =

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

hen in this state, the device should.begin performing the hardware initialization and self-
iagnostic testing. This may revert the device to the default condition (the device’s setting
ay now be different than they were-before the host asserted RESET-). All Ultra DMA mode
hall be disabled.

[

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

D

ransition DOHR1:DOHR2: When the sample indicates that DASP- is asserted, the devic
hall make a trangsition to the DOHR2: Sample_PDIAG- state.

ransition DOHR1:DOHR1: When the sample indicates that DASP- is negated and less tha
50 ms havg elapsed since the negation of RESET-, then the device shall make a transition

the DOHRY. Sample_DASP- state. When the sample indicates that DASP- is negated an
reater~than 450 ms but less than 5 s have elapsed since the negation of RESET-, then th
evice may make a transition to the DOHR1: Sample_DASP- state.

U O O 3

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- is
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.


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

24739-2 © ISO/IEC:2009(E) -99 -

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 les

S

than 31 s have elapsed since the negation of RESET-, then the device shall make a transition

tp the DOHRZ: Sample_PDIAG- state.

™

OHR3: Set_status State: This state is entered when bit 7 in the Error register has been‘set @
deared.

<

Vhen in this state the device shall complete the hardware initialization and’\self-diagnosti
psting begun in the Sample DASP- state if not already completed.

—

=

[¢]

rror register (see ISO/IEC 24739-1:2008, Clause 6). The device shallyset the signature value
see ISO/IEC 24739-1:2008, Clause 5). The device shall clear .the SRST bit to zero in th
evice Control register if set set to one. The content of the Features register is undefined. Th
device shall set word 93 in the IDENTIFY DEVICE or IDENTIFY PACKET DEVICE data (se
5O/IEC 24739-1:2008, Clause 6).

O m =

3, 2 and 0 in the Status register to zero.

the device implements the PACKET command feature set, the device shall clear bits 6, 5, 4
, 2 and 0 in the Status register to zero. Th€ device shall return the operating modes to the
pecified initial conditions. MODE SELECT conditions shall be restored to their last save
alues if saved values have been established. MODE SELECT conditions for which no value]
ave been saved shall be returned totheir default values.

T <0 W =

Transition DOHR3:DI1: When -hardware initialization and self-diagnostic testing is complete
gnd the status has been set;\the device shall clear BSY to zero and make a transition to th
0I1: Device_idle_S state (see Figure 43).

™

1HRO: Set_DASPs State: This state is entered when the device has released the bus, se
SY to one and determined that the device is Device 1.

jwu]

nd shallassert DASP- within 400 ms of the negation of RESET-.

hen in this state, the device should begin execution of the hardware initialization and sel

he EXECUTE DEVICE DIAGNOSTICS diagnostic code shall be placéd in bits (6:0) of thE

the device does not implement the PACKET command feature set, the device shall clear bifs

When in this_state, the device shall clear the DEV bit in the Device register to zero within 1 ms

(OB

[oN [ © N

[

—

iagnostic testing. The device may revert to the default condition (the device’'s settings mal

Yy

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-diagnosti

c

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 Device
Control register if set to one.

If the device does not implement the PACKET command feature set, the device shall clear bits
}, 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
J, 2 and 0 in the Status register to zero. The device shall return the operating moedes to the
specified initial conditions. MODE SELECT conditions shall be restored to theit last save

lues if saved values have been established. MODE SELECT conditions fer\Which no value
ave been saved shall be returned to their default values.

[

ransition D1HR1a:DI2: When hardware initialization and self-diagnostic testing is completed
the device passed its diagnostics and the status has been set, theydevice shall clear BSY tp
Zero, assert PDIAG- and make a transition to the DI2: Device_idle NS state (see Figure 43).

ransition D1HR1b:DI2: When hardware initialization and{self-diagnostic testing is completed,
the device failed its diagnostic and the status has been s€t, the device shall clear BSY to zerq,
egate PGIAG- and make a transition to the DI2: Deviceridle_NS state (see Figure 43).

11.3 Software reset protocol

his subclause describes the protocol for_processing of software reset when the host sefs
JRST.

the host sets SRST in the Device Control register to one regardless of the powgr
anagement mode, the device shall execute the software reset protocol. If the host asser
RESET- before a device has completed the software reset protocol, then the device shall
gxecute the hardware reset protocol from the beginning.

he host should not set‘the SRST bit to one in the Device Control while the BSY bit is set t
dne in either device-Status register as a result of executing the software reset protocol. If th
ost sets the SRST.-bit in the Device Control register to one before devices have complete
gdxecution of the -software reset protocol, then the devices shall restart execution of th
software rese€f.protocol from the beginning. If the host issues a DEVICE RESET comman
hHefore devices have completed execution of the software reset protocol, the command shall b

MU oD oM O

|mplemented by the dewce(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 Device 0.
Figure 40 and the text following the figure describe the software reset protocol for Device 1.
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HSRO: Set_SRST HSR1: Clear_wait HSR2: Check_status
Software reset SRST asserted t>2ms BSY =0
required 25 ps (t=0) — HSR1:HSR2 ———=1— HSR2:HI0 -= Host_idle
— xx:HSR0 —#»1— HSRO:HSR1 ————=

BSY =1

= | | el BV e

(7))

N T

<

|

H

I =

[ |

Igast 2 ms.

(- HSR2:HSR2 —
N

Figure 38 — Host software reset state diagram

SRO0: Set_SRST State: This state is entered when the host initiates a softwafe reset.

Vhen in this state, the host shall set SRST in the Device Control registet-to’'one. The SRST b
hall be written to both devices when the Device Control register ,is\written. The host shal
emain in this state with SRST set to one for at least 5 us. The hostishall not set SRST to ong
nless the bit has been cleared to zero for at least 5 us.

— -~

ransition HSR0:HSR1: When the host has had SRST set to one for at least 5 us, the hos
hall make a transition to the HSR1: Clear_wait state.

—

—

SR1: Clear_wait State: This state is entered when SRST has been set to one for at leas
us.

—

Vhen in this state, the host shall clear SRS? in the Device Control register to zero. The hos
hall remain in this state for at least 2 ms,

ransition HSR1:HSR2: When SRST has been cleared to zero for at least 2 ms, the host shall
nake a transition to the HSR2: Check_status state.

—

SR2: Check_status State: This state is entered when SRST has been cleared to zero for g

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

ransition HSR2:HSR2: When BSY is set to one, the host shall make a transition to the
SR2: Check-'status state.

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

=)

—

ancition tothae HIO- Hoct idlo ctata (coo Fianira 410
S HtOtHe—THo—1oSt—tHare—State{Seer—gutre—a+-

7
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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 —=— ig‘l’éc‘fs—
Clear bit 7 BSY=0 -

DOSR1: PDIAG-_wait
SRST cleared to zero &  ppJAG- =R, BSY=1

Device 1 exists (t = 0) ———
— DOSRO:DOSR1 -
t>1ms
DOSR1:DOSR2 —

DOSR2: Sample_PDIAG-
PDIAG- =R, BSY=1

»| PDIAG- asserted
— DOSR2a:DO0SR3 ——

Resample PDIAG- Clear bit 7

DOSR2:DOSR2 —
t>31s

— DOSR2b:DOSR3 =———#=
Set bit 7

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

Figure 39 — Device 0 software reset state diagram

™

OSRO: SRST State: This state is entered~by Device 0 when the SRST bit is set to one in th
Qevice Control register.

<

Vhen in this state, the device shall release PDIAG-, INTRQ, IORDY, DMARQ and DD(15:(
ithin 400 ns after entering this state. The device shall set BSY to one within 400 ns afte
ntering this state.

D <

If the device does not-imrplement the PACKET command feature set, the device should begi
performing the hardware initialization and self-diagnostic testing. The device may revert to th
default condition (the“device’s setting may now be in different conditions than they were befor
the SRST bit was,set to one by the host). However, an Ultra DMA mode setting (either enable
dr disabled) shall not be affected by the host setting SRST to one.

If the RACKET command feature set is implemented, the device may begin performing th
hardwate initialization and self-diagnostic testing and the device is not expected to stop an
backdround device activity (e.g., immediate command, see MMC-2) that was started prior t

O D 3

)

~

=

O<< O

thaot CDCOT bhal ot 4+ & ik dafaorlt aandlit nd—o

t- Fion AALS + 4 0 Tk Ao oha AL BB—s
SIS UTdl VTNV T Wdo O0UL LU UTTC,. TTTO UTVIVE oTidilT TTUL TTVOTU TU TS Utiault LUTTuUTuauIlT arfu o

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- b
Device 1 was detected during the most recent power-on or hardware reset, the device sha
make a transition to the DOSR1: PDIAG-_wait state.

Transition DOSR0:DOSR3: When SRST is cleared to zero and the assertion of DASP- b
Device 1 was not detected during the most recent power-on or hardware reset, the device sha
clear bit 7 to zero in the Error register and make a transition to the DOSR3: Set_status state.

y
I

y
I
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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.

BOSRZ: Sample_PDIAG- State: This state is entered when SRST has been cleared to zero-fg

— o~

1

g

J

> wn - < (@Il w | i il |

~m-

) —

I
3

device shall clear bit 7 to zero in the Error register and shall make-a transition to the DOSR3:

=

t least 1 ms.
Vhen in this state, the device shall sample the PDIAG- signal.

ransition DOSR2:D0SR2: When the sample indicates that PDIAG- is not asserted and les
nan 31 s have elapsed since SRST was cleared to zero, then the device shall make p
ansition to the DOSR2: Sample_PDIAG- state.

[2]

ransition DOSR2a:DOSR3: When the sample indicates that PDIAG- is asserted, the device

et _status state.

ransition DOSR2b:DOSR3: When the sample indicates-that PDIAG- is not asserted and 31 s
ave elapsed since SRST was cleared to zero, the device shall set bit 7 to one in the Errg
bgister and shall make a transition to the DOSR3: Set. status state.

=

-

OSR3: Set_status State: This state is entered'when bit 7 in the Error register has been set g
leared or Device 1 does not exist.

Vhen in this state, the device shall cleaf the DEV bit in the Device register to zero within 1 ms.
he device shall complete any hardware initialization and self-diagnostic testing begun in th
RST state if not already completed.

()]

Il actions required in this state shall be completed within 31 s.

he EXECUTE DEVICE.DIAGNOSTICS diagnostic code shall be placed in bits (6:0) of th
rror register (see ISO/IEC 24739-1:2008, Clause 6). The device shall set the signature value
see ISO/IEC 24739-7:2008, Clause 5). The content of the Features register is undefined.

[N

the device does not implement the PACKET command feature set, the device shall clear bits
, 2 and Q-incthe Status register to zero.

the dévice implements the PACKET command feature set, the device shall clear bits 6, 5, 4
,2~and 0 in the Status register to zero. The device shall return the operating modes to the

-

MONC Q1 AT ol

v
h

pcu;ﬁcd ;II;t;CI: UUIId;t;UIIO. WIVULL OLLLLU1] uunu;t;uno oha” b\: ICOtUICd tU thc;l :Clbt QAVO
alues if saved values have been established. MODE SELECT conditions for which no values
ave been saved shall be returned to their default values.

Transition DOSR3:DI1: When hardware initialization and self-diagnostic testing is completed

a

nd 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:D1SR0O D1SR0:D1SR1—#=— D1SR1:D1SR2 — = passed diagnostics Devi
. evice
— D1SR2a:DI2—s= . =
idle_NS
BSY=0, PDIAG-=A
Status set,
failed diagnostics
Device
—DTSRZb.DIZ — idIe_NS_
BSY=0, PDIAG-=N
BSY DRQ REL SERV C/D 1/0 INTRQ | DMARQ | PDIAG- | DASP-
v 0 0 0 0 0 R R \Y R

Figure 40 — Device 1 software reset state diagram

™

1SR0: SRST State: This state is entered by Device 1 when the SRS bjt’is set to one in th
Qevice Control register.

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

If the device does not implement the PACKET command feature set, the device shall begi
performing the hardware initialization and self-diagnostic testing. The device may revert to th
default condition (the device’s setting may now be-in different conditions than they were befor
the SRST bit was set to one by the host). However, an Ultra DMA mode setting (either enable
dr disabled) shall not be affected by the host,setting SRST to one.

the PACKET command feature set‘is’implemented, the device may begin performing th
ardware initialization and self-diagnostic testing and the device is not expected to stop an
ackground device activity (e.g.,-immediate command, see MMC-2) that was started prior t
ne time that SRST was set to one. The device shall not revert to the default condition and a
Iltra DMA mode setting (either 'enabled or disabled) shall not be affected by the host settin
RST to one.

nco-to o —

-]

ransition D1SR0:D1SR1: When SRST is cleared to zero, the device shall make a transitio
b the D1SR1: Release_PDIAG- state.

—

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

When in-this state, the device shall release PDIAG- and clear the DEV bit in the Device registg
b zero/within 1 ms of entering this state.

—

O D 3

=

Py

ransition 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-diagnosti
testing begun in the SRST state
DIAGNOSTICS diagnostic code shall be placed in the Error register
ISO/IEC 24739-1:2008, Clause 6). If the device passed the self-diagnostics, the device sha
assert PDIAG-.

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

C

if not already completed. The EXECUTE DEVICE
(see
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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 the
specified initial conditions. MODE SELECT conditions shall be restored to their last save

ave been saved shall be returned to their deféult values.

ransition D1SR2a:DI2: When hardware initialization, self-diagnostic testing is completed, th

ssert PDIAG- and make a transition to the DI2: Device_idle_NS state (see Figure43).

ransition D1SR2b:DI2: When hardware initialization, self-diagnostic testing'is completed, th

egate PDIAG- and make a transition to the DI2: Device_idle_NS state\(See Figure 43).

11.4 Bus idle protocol

When the selected device has BSY cleared to zero and DRQ.€leared to zero the bus is idle.

command overlap is implemented and enabled, the hiost may be waiting for a service reques
br a released command. In this case, the device ‘is“preparing for the data transfer for th
bleased command.

= —h

command overlap and command queuingrare implemented and enabled, the host may b
aiting for a service request for a numberiof released commands. In this case, the device i
reparing for the data transfer for one ofithe released commands.

o <

Higure 41 and the text following the figure describe the host state during bus idle for hosts ng
plementing command overlap~and queuing. Figure 42 and the text following the figur|

escribe the additional host.state during bus idle required for command overlap and queuing.

igure 43 and the text following the figure describe the device state during bus idle for device
ot implementing command overlap and queuing. Figure 44 and the text following the figur

evice passed the diagnostics and the status has been set, the device shall clear BSY to zerq,

evice failed the diagnostics and the status has been set, the device shall’ clear BSY to zerq,

escribe the additiondl device state during bus idle required for command overlap and queuind.

ir
d

E

E

D —~

]

D ~

(OB
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HIO: Host_Idle HI1: Check_Status HI2: Device_Select
Command BSY=0&DRQ=0 &
completed or Command to initiate wrong device selected
power-on, — HIO:HI1 B HIT:H2 ————
hardware, or
software reset Command to initiate Device selected
— xx:HIO - —— HIO2:HI1 —— HI2:HI1 ——

BSY=10orDRQ =1

HI3: Write_parameters BSY=0&DRQ =0 &
correct device selected

- HI1:HI3

— HI1:HI1

Hl4: Write_command

Parameters written Command written

— HI3:HI4 — Hl4:xx — Command protocol

Figure 41 — Host bus idle state diagram

-

10: Host_ldle State: This state is entered when axdevice completes a command or when
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 hasia’command to issue to a device, the host shall make
ansition to the HI1: Check_Status_state.

—

HI1: Check_Status State: This state is entered when the host has a command to issue to
evice.

hen in this state, the-host reads the device Status or Alternate Status register.

ransition HI1:HI2: When the status read indicates that both BSY and DRQ are cleared {

ro but the Awrong device is selected, then the host shall make a transition to the HIZ:

evice_Select state.

O

e

ransition HI1:HI1: When the status read indicates that either BSY or DRQ is set to one, th

ost'shall make a transition to the HI1: Check_Status state to recheck the status of thr

elected device.

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 deyice
Gommand Block registers, 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 all requirefd
ommand parameters to the device Command Block registers.

(@]

When in this state, the host writes the command to the device Command register.

Transition Hl4:xx: When the host has written the command to the device Command registef
the host shall make a transition to the command protocol for the command written as describe
m 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 HIOZ:HIT —= o
— XX HIO0——=1— Hi00:HI03
HIO3: Check_status_A HIO4: Device_select_B
Command completed
&nIEN=1&REL=0 Select devi
& 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 |
completed & HIO6: INTRQ wait B HIO7: Check_status_B
SERV =1 — N\
— xx'HIO5 —=| Service INTRQ >4 outstanding command
enabled HIOB:HIO7 ———— = Tﬁ;:e:,:d
— HIO5:HI06 1 - : Service
outstanding command HIO7:HPDO et
HIO6:HPO Service HIO7:HDMAQO
>1 outstanding HIO6:HPDO return
— HIO5:HIO7 -
1(oytstanding 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.

T

101: Device_select_A State: This state is entered when the host has outstanding; bujs
bleased commands to both devices and nlEN is cleared to zero.

—

<

Vhen in this state, the host shall disable INTRQ by setting nlIEN to one, shall write the Device
pgister to select the other device and then, shall enable INTRQ by clearing miEN to zero.

-

Transition HIO1:HIO0: Having selected the other device, the host shall’/make a transition tp
ne HIOO0: INTRQ_wait_A state.

—

T

102: Disable_INTRQ State: This state is entered when the hostthas a new command to issu
b a device and that device has no outstanding, bus released- command or supports comman
queuing.

~—
[oNN ¢}

<

Vhen in this state, the host shall set nlEN to one.)nlEN is set to one to prevent a racp
ondition if the host has to select the other device to,issue the command.

(@]

ransition HIO2:HI1: When nlEN has been _set to one, the host shall make a transition to the
[1: Check_status state (see Figure 41).

I =

P

HIO3: Check_status_A State: This state is entered when a command is completed with nlE
t to one, REL set to one and SERV cleared to zero. This state is entered when the devic
as released the bus and nlEN.is set to one. This state is entered when an interrupt ha
ccured indicating that a devige is requesting service.

(23]

hen in this state, the host shall read the Status register of the device requesting service.

ransition HIO3:HIO4: If SERV is cleared to zero and the host has released command
utstanding to befh’devices, then the host may make a transition to the HIO4: Device_select_
ate.

WO

ransition/HIO3:HIO2: If SERV is cleared to zero and the host has a new command to issup
tp a dévice, then the host shall make a transition to the HIO2: Disable_INTRQ state.

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 transition to

the HIO3: Check_status_A state.

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 ha
completed with SERV set to one.

When in this state, the host shall write the SERVICE command to the Command register.

S

Transition HIO5:HIO6: When the device is one that implements the PACKET comman
feature set and the Service interrupt is enabled, then the host shall make a transition to'\th
HIO6: INTRQ_wait_B state.

Transition HIO5:HIO7: When the host has more than one released command putstanding t

o=

heck_status_B state.

-]

ransition HIO5:xx: When the Service interrupt is disabled and the host{vas only one release
ommand outstanding to the device, the host shall make a transition'jto the service return fg
ne protocol for the command outstanding (see Figure 53, Figure 557 0r Figure 57).

jmsil @)

T

106: INTRQ_wait_B State: This state is entered when the SERVICE command has bee
ritten to a device implementing the PACKET command feature set and the Service interrupt i
nabled.

D <

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 outstanding t

—

Gheck_status_B state.

—

ransition HIO6:xx: When INTRQ has been asserted and the host has only one release
ommand outstanding to thetdevice, then the host shall make a transition to the service retur|

= O

T

107: Check_status-B State: This state is entered when the SERVICE command has bee
ritten and the hastshas more than one released command outstanding to the device.

=

When in this,state the host reads the command tag to determine which outstanding comman
rvice is(requested for. If a DMA data transfer is required for the command, the host shall se
p the DMA engine.

ne device and the Service interrupt is disabled, the host shall make a transition-to the HIOT:

ne device and INTRQ is assertedi.“the host shall make a transition to the HIOT:

br the transport protocol-of the outstanding command (see Figure 53, Figure 55, or Figure 57),

DO O

O

[oN

=

(2]

[®N

—

ransition 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 & Command written
nlEN=0 & interrupt pending [— DIO:XxX —— d tocol
o ptpending Command protoco DI2: Device_Idle_NS
— XX —_— =
Device/Head register INTRQ=R
Device/Head register written & device deselected
written & device selected DIO:DI2 >
DI0D10

Device/Head register written & device
selected, nIEN=0 & interrupt pending
o t DI2:DI0

Status register read or
nlEN set to one

DI0o:DI1

DI1: Device_ldle_S
INTRQ=N

Power-on, hardware, or software
reset if Device 1

xx:.DI2 ——————

Device/Head register
written & device deselected

— DI1:DI2 -
Device/Head register
Power-on, hardware, or writtep-&device selected &
software reset if Device 0 (no.intérrupt pending or nIEN=1)
— xx:DI1 -t DI2:DI1 —

Command written

— XK —————
Command completed & (no DI1:xx Command protocol

interrupt pending or

nIEN=1) Device/Head register

written & device selected
xx:DI1 =— DI1:DI1

BSY DRQ REL SERV C/D /O [ INTRQ | DMARQ [ PDIAG- | DASP-

Figure 43 — Device bus idle state diagram

™

10: Device! Idle_SI| State (selected/INTRQ asserted): This state is entered when the devic
as completed the execution of a command protocol with Interrupt Pending and nlEN=0.

-
oD

When in this state, the device shall have DRQ cleared to zero, INTRQ asserted and BS}
cleared to zero. Reading any regisier 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
as complete € execution of a command protocol with no Intefrupt Pending or n =1,4r
hen a Pending Interrupt is cleared. This state is also entered by Device 0 at the completioh’qg
power-on, hardware or software reset.

—

=

hen in this state, the device shall have BSY and DRQ cleared to zero and INTRQ\negated d
released.

hen entering this state from a power-on, hardware or software reset, if'the” device does ng
plement the PACKET command feature set, the device shall set DRDY t6 one within 30 s ¢
ntering this state. When entering this state from a power-on, hardware or software reset, if th
evice does implement the PACKET command feature set, the deviee shall not set DRDY t
dne.

O S —~

—

Transition DI1:xx: When the Command register is writtem the device shall exit the Interrup
Hending state, release PDIAG- if asserted and make a/transition to the command protocq
mdicated by the content of the Command register.

-

Transition DI1:DI1: When the Device register isgwritten and the DEV bit selects this device @
gny register is written except the Command register, the device shall make a transition to the
0OI1: Device_ldle_S state.

Transition DI1:DI2: When the Device«register is written and the DEV bit selects the othe
device, 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 device i
eselected. This state is alse\entered by Device 1 at the completion of a power-on, hardwar
r software reset.

(2]

[

hen in this state,cthe’ device shall have BSY and DRQ cleared to zero and INTRQ shall b
released.

]

hen entering this state from a power-on, hardware or software reset, if the device does ng
implement the PACKET command feature set, the device shall set DRDY to one within 30 s ¢

ntering:this state and shall release DASP- and PDIAG- with 31 s of entering this state. Whe

ntering this state from a power-on, hardware or software reset, if the device does implemer
theeRACKET command feature set, the device shall not set DRDY to one.

— =) —h —~+

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.


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

24739-2 © ISO/IEC:2009(E) - 113 -

DIOO: Device_ldle_SIR
INTRQ=A,REL=1, SERV=0 DIO4: Device_ldle_NS
—— INTRQ=R, REL=x, SERV=x
Command completed & Command written
interrupt pending & nlIEN=0 |— DIO0:xx —#= Command protocol
& REL=0 & SERV=0 Device deselected

—xx:DIO0 ———=t— DIO0:DIO4 -
Device selected
< . S
Bus released & interrupt Dlo4:D1o0

pending & nIEN=0 & DIO1: Device_ldle_SR
REL=1 & SERV=0 Status register read INTRQ=N,REL=1, SERV=0

—— xx:DIO0———=— DIO0:DIO1 ——

Service required Command completed & (no

interrupt pending or Command
/— DIO0:DIO2 — nlEN=1) & REL=0 & SERV=0 written Condd
. | . mh
—— xx:DIO1 ————®— DIO1:xx —= pfatocol
Bus released & (no interrupt pending
or nlEN=1) & REL=1 & SERV=0 Device deselécted
—— xx:DIO1 p=1—DIO1(DI04 ——— =
Service required & nlIEN=0 Device selected
DIO1:DIO2 ——-e=~——DI04:DIO1 —
( Service required & nIEN=1

DIO1:DIO3.—

DIO3:'Device_ldle_SS
INTRQ=N, REL=1, SERV=1

Device deselected

Command completed & (no-interrupt | DIO3:DIO4 ——— =]

pending or nlEN=1) & REL=0 & SERV=1
xx:DIO3 - Device selected
~t— DIO04:DIO3 —

Bus released & (no )
interrupt pending or | SERVICE written

DIO2: Device_ldle\. SIS nlEN=1) & REL=1 & DIO3:DPO }’
Service

INTRQ=A, REL=1, SERV=1 SERV=1 DIO3:DPDO
NNl . DIO3:DDMAQO
— xx:DIO3 ———= return
Status register read Command written

g— DIO2:DIO3 »,—D|O3:xx—> cmnd
F» SERVICE written protocol

DIO2:DPO
DI02:DPDO Service return
CommandCompleted & DIO2:DDMAQO
interrupt pending & nIEN=0
& REL=0 & SERV=1 Command written
xx:DI02 p1— DIO2:xx —m= Command protocol
Busreteased-&interrupt Pevicedesetected
pending & nlEN=0 & L DI02:DIO4 -
REL=1 & SERV=1 Device selected
—xx:DI02 | et DIO04:DI02 —

BSY DRQ REL SERV C/D 110 INTRQ | DMARQ | PDIAG- | DASP-
0 0 v v X X V R R R

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

fronaitio ot . BAa-Ra-a-a-ad—areat [H=~ H tad bt wiaant £+ L aorara-and—raciatar
T arTSToTT O OTC U OUTHTIT AT Ta PpTOTOCUT TTMOTC atC U o0y  Te O UTTC T T UT (e oo miTartTa T oyTrStoT

=z

OTE Since a queue exists, only commands in the queued command set may be written to the Command registe
f any other command is written to the Command register, the queue is aborted and command aborted isreturne
r the command see ISO/IEC 24739-1:2008,, Clause 4.

[oNn

—h

—

ransition DIO0:DIO1: When the Status register is read, the device shall cleanthe Interrug
ending, negate or release INTRQ within 400 ns of the negation of DIOR- and make p
ansition to the DIO1: Device_ldle_SR state.

|

—

Transition DIO0:DIO2: When the Device register is written and the DEV bit selects the othg
evice, then the device shall release INTRQ within 400 ns of the negation of DIOW- and mak
transition to the DIO2: Device_ldle_NS state.

D =

[oN

ransition DIO0:DIO2: When the device is ready to continue the execution of a release
mmand, the device shall make a transition to the DIO2;-Device_idle_ SIS state.

101: Device_ldle_SR State (selected/INTRQ negated/REL set to one): This state is entere
hen the device has completed the execution of a Gemmand protocol with no Interrupt Pendin
r nlEN=1, REL set to one and SERYV cleared to.zero. This state is entered when the devic
as released an overlapped command with nodnterrupt Pending or nlEN=1, REL set to one an
ERV cleared to zero. This state is entered.When a pending interrupt is cleared, REL is set t
ne and SERV is cleared to zero.

[OENORN( (O ON

hen in this state, the device is préparing for completion of a released command. The devic
hall have BSY and DRQ cleared to"zero and INTRQ negated or released.

]

Transition DIO1:xx: Whenthe Command register is written, the device shall make a transition
b the command protocol indicated by the content of the Command register.

—

NOTE Since a queue.éxists, only commands in the queued command set may be written to the Command registe
I any other command-is written to the Command register, the queue is aborted and command aborted is returng
for the command SO/MEC 24739-1:2008, Clause 4, Overlapped Feature Set).

[Nl

Transition D101:DIO4: When the Device register is written and the DEV bit selects the othg
evice, the.device shall make a transition to the DIO4: Device_Idle_NS state.

-

ransition DIO1:DIO2: When the device is ready to continue the execution of a releasef

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
transition to the DIO3: Device_ldle_SS state.

a

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
transition to the DIO4: Device_ldle_NS state.

Transition DIO2:DPO/DPDO/DDMAQO: When the SERVICE command is written into th

a

e

pturn of the command ready for service (see Figure 54, Device PACKET non-data and PI

evice DMA QUEUED command protocol).

ransition DIO2:xx: When any overlapped command other than SERVICE |is written to th

OO0 =

IOW- and make a transition to the protocol for the new command.

ending or nlEN=1, REL set to one, and SERV set to one. This state is entered when th
evice has released an overlapped with no Interrupt Pending or nlEN=1, REL set to one an
ERV set to one.

Wwo oM

device, the device shall make a transition to the DIQ4: Device_ldle_NS state.

Transition DIO3:DP0/DPD0/DDMAQO: When the SERVICE command is written into th
Gommand register, the device shall set the Tag for the command to be serviced and make
t
F

igure 58).

ransition DIO3:xx: When any overlapped command other than SERVICE is written to th
ommand register, the device'shall make a transition to the protocol for the new command.

|

eselected with REL-0r SERYV set to one.

hen in this staté, the device shall have BSY and DRQ cleared to zero and INTRQ shall b
released.

ransition DIO4:DIO0: 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 i
leaned to zero, then the device shall assert INTRQ within 400 ns of the negation of DIOW- an

ommand regisier, the device shall set the Tag jor the command o be serviced, negate. gr
blease INTRQ within 400 ns of the negation of DIOW-, and make a transition to the Service

(
r
r
data command protocol, Figure 56, Device PACKET DMA command protocol or Figure 5§,
C

ommand register, the device shall negate or release INTRQ within 400 ns of the negation d

103: Device_ldle_SS State (selected/INTRQ negated/SERV get’to one): This state is
ntered when the device has completed the execution of a command protocol with no Interrupt

Transition DIO3: DIO4: When the Device register is\written and the DEV bit selects the othg

ansition to the Service return of the command ready for service (see Figure 54, Figure 56 @

DIO4: Device_ldle_NS‘State (not selected): This state is entered when the device is

D

—

E
d

—

E

= O

]

[oNN /)

makKe a transition 10 the DIVUT Device_Idie_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 i
cleared to zero, then the device shall make a transition to the DIO1: Device_lIdle_SIR state.

S

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
transition to the DIO2: Device_ldle_SIS state.

a
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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

o CEAREQUEST EXTENDED ERROR CODE
o CHECK MEDIA CARD TYPE

o CHECK POWER MODE

o CONFIGURE STREAM

of DEVICE CONFIGURATION FREEZE LOCK
o DEVICE CONFIGURATION RESTORE
of FLUSH CACHE

o FLUSH CACHE EXT

of GET MEDIA STATUS

o IDLE

of IDLE IMMEDIATE

o MEDIA EJECT

¢ MEDIA LOCK

¢ MEDIA UNLOCK

o NOP

o READ NATIVE MAX ADDRESS

of READ NATIVE MAX ADDRESS EXT

o READ VERIFY SECTOR(S)

of READ VERIFY SECTOR(S).EXT

o SECURITY ERASE PREPARE

of SECURITY FREEZE LOCK

o SET FEATURES

of SET MAX ADDRESS

o SET MAXADDRESS EXT

of SET-MULTIPLE MODE

of ~SLEEP

o —SMART DISABLE OPERATION

¢ SMART ENABLE/DISABLE AUTOSAVE
e SMART ENABLE OPERATIONS

¢ SMART EXECUTE OFFLINE IMMEDIATE
e SMART RETURN STATUS

e STANDBY

e STANDBY IMMEDIATE

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 & nIEN =0 [ HNDO:HND1 ———— HND1:HI0 ————— Host_|dle
— HI4:HNDQ ——p! BSY =1
HND1:HND1 —
Command
written & nlEN =1
— HI4:HND1 >

Figure 45 — Host non-data state diagram

T

NDO: INTRQ_Wait_State: This state is entered when the host™has written a non-dat
dommand to the device and the nlEN bit in the device has been cleared to zero.

When in this state the host may wait for INTRQ to be asserted by the device.

Transition HNDO:HND1: When the device asserts INFRQ®, the host shall make a transition f
ne HND1: Check_Status state.

—

-

ND1: Check_Status State: This state is entered when the host has written a non-dat
ommand to the device and the nlEN bit in theldevice has been set to one or when INTRQ ha
een asserted.

o0

When in this state, the host shall read.the device Status register. When entering this state fron
gnother state other than when ansinterrupt has occurred, the host shall wait 400 ns befor
reading the Status register.

—

ransition HND1:HI0: When the status read indicates that BSY is cleared to zero, the hos

(7))

darror has occurred, the“host shall take appropriate error recovery action.

—

ransition HND4:HND1: When the status read indicates that BSY is set to one, the host sha
nake a transition’to the HND1: Check_Status state to recheck device status.

=

DNDO: Command_Execution

hall make a transition fo)the HIO: Host_Idle state (see Figure 41). If status indicates that ap

[V

[ )

—

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).

Transition DNDO:DI1: When command execution completes and nlEN is set to one, the device
hall set error bits if appropriate, clear BSY to zero and make a transition to the’DI1:
evice_ldle_S state (see Figure 43).

| B2

11.6 PIO data-in command protocol

This class includes:

o CFA TRANSLATE SECTOR
of DEVICE CONFIGURATION IDENTIFY
o IDENTIFY DEVICE

of IDENTIFY PACKET DEVICE
¢ READ BUFFER

of READ LOG EXT

o READ MULTIPLE

o READ MULTIPLE EXT

o READ SECTOR(S)

of READ SECTOR(S) EXT

¢ SMART READ DATA

of SMART READ LOG

o READ STREAM PIO EXT

m

xecution of this class_of’command includes the transfer of one or more blocks of data from
ne device to the host) Figure 47 and the text following the figure describe the host states.
igure 48 and the-text following the figure describe the device states.

o=
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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
written & selected device
& nlEN =1 BSY =1

— HI4:HPIOI0 ——=

RUA-LIPLOLA
T T T

/ = =H4- - } n

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
not transferred & not transferred & nlEN = 1
nlEN =0
\ HPIOI2:HPIOI ———————
HPIOI2:HPIOI0 —

Data register read & DRQ data
block transfer not complete

— HPIOI2:HPIOI2

|t

Data register read & all data.for
command transferred

— HPIOI2:HI0 = Host_idle

Figure 47 — Host PIO data-in state diagram

HPIOIO: INTRQ_Wait State: This/ state is entered when the host has written a PIO data-i
ommand to the device and nlEN is cleared to zero, or at the completion of a DRQ data bloc
ansfer if all the data for the’command has not been transferred and nlEN is cleared to zero.

= O
A D

When in this state, thé host shall wait for INTRQ to be asserted.

ransition HPIOIO:HPIOI1: When INTRQ is asserted, the host shall make a transition to the
PIOI1: Check_Status state.

I =

-

PIOI1._Check_Status State: This state is entered when the host has written a PIO data-ip
domm@and to the device and nlEN is set to one or when INTRQ is asserted.

Hremimthis—state; the hoststattreadthedevice Status Tegister—Whenmenteringthisstatefrom
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 sha
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 i
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.

S

Transition HPIOI2:HPIOIO0: When the host has read the device Data register and the DRQ

ata block has been transferred, all blocks for the command have not been transferred an

IEN is cleared to zero, then the host shall make a transition to the HPIOIO: INTRQ_Wait statg.

ransition HPIOI2:HPIOI1: When the host has read the device Data register and the DR
ata block has been transferred, all blocks for the command have not been transferred an
IEN is set to one, then the host shall make a transition to the HPIOI1: Check_Status state.

ransition HPIOI2:HPIOI2: When the host has read the device status,register and the DR

ata block transfer has not completed, then the host shall make a trafisition to the HPIOIZ2:

ransfer_Data state.

ransition HPIOI2:HI0: When the host has read the device Data‘register and all blocks for thE

mmand have been transferred, then the host shall make{a transition to the HIO: Host_IdI
ate (see Figure 41). The host may read the Status register.

d

Ok
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DPIOIO0: Prepare_Data
BSY=1, DRQ=0, INTRQ=N

PIO datain
command written

DI0:DPIOI0 I »
DI1:DPIOIO

Command execution aborted with error & nIEN=0
— DPIOI0:DIO = Device_idle_SI
BSY=0, INTRQ=A

Command execution aborted with error & nIEN=1
— DPIOIO:DI1 = Device_idle_S

[n Y el VALY

DO T=VU

DPIOI2: Data_Rdy_INTRQ

Data ready to transfer & nIEN=0 BSY=0, TﬂTRQ:A

— DPIOIO:DPIOI2 !
Data ready to transfer & nIEN=1

— DPIOIO:DPIOIM

—

Data register read &
DRQ data block
transferred & all data
for command not

Qnsferred
DPIOI1:DPIOI0—

DPIOI1: Transfer_Data
BSY=0, DRQ=1, INTRQ=N

-t
- DPIOI2:DPIOI1 —

Data register read & DRQ data
block transfer not complete

Status registerread

— DPIOI1:DPIOI1

-

Data register read &.all 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 V R R R

™

dommand written to(the' Com

0 <

= 11

Figure 48 — Device PIO data-in state diagram

PIOI0: Prepare_Data -State: This state is entered when the device has a PIO data-i

mand register.

Vhen in this state, device shall set BSY to one within 400 ns of the writing of the Comman
bgister andprepare the requested data for transfer to the host.

or IDENTIFY DEVICE and IDENTIFY PACKET DEVICE commands, if the device tests CBLI[
f shall'do so and update bit 13 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 read
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
- : . et rSaSter foT tranSTar o the oSt

ransition DPIOI1:DPIOI1: When the Data register is read and transfer of the DRQ data-bloc
as not completed, then the device shall make a transition to the DPIOI1: Data_Transfer state

ransition DPIOI1:DPIOI0: When the Data register is read and the transfer of the-current DR
data block has completed, but all blocks for this request have not been transferred, then th
evice shall make a transition to the DPIOIO: Prepare_Data state.

ransition DPIOI1:DI1: When the Data register is read and all blocks for this request hav,

OO =

evice_ldle_S state (see Figure 43). The Interrupt Pending is not.set on this transition.

|

PIOI2: Data_Ready_INTRQ State: This state is entered when the device has a DRQ dat
lock ready to transfer and nlEN is cleared to zero.

jon

When in this state, BSY is cleared to zero, DRQ is set'to one and INTRQ is asserted.

ransition DPIOI2:DPIOI1: When the Status-register is read, then the device shall clear th
hterrupt Pending, negate INTRQ and make a-‘transition to the DPIOI1: Data_Transfer state.

gl |

11.7 PIO data-out command protocol

This class includes:

¢ CFA WRITE MULTIPLE WITHOUT ERASE
of CFA WRITE SECTORS-WITHOUT ERASE
o DEVICE CONFIGURATION SET

of DOWNLOAD MICROCODE

o SECURITY),DISABLE PASSWORD

of SECURITY ERASE UNIT

o SECURITY SET PASSWORD

of ~SECUITY UNLOCK

een transferred, then the device shall clear BSY to zero and miake a transition to the DIA{:

y

D

]

o 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 complete

— HPIOO1:HPIOO1

Figure 49 — Host P10 data-out state diagram

hen a DRQ data block shas been written, nlEN is cleared to zero and INTRQ has bee
sserted.

D < O T

the HI4 state, the-host shall wait 400 ns before reading the Status register. When entering thi
state from the-HPIOO1 state, the host shall wait one PIO transfer cycle time before reading th
Status register. The wait may be accomplished by reading the Alternate Status register an
gnoring the result.

Transition HPIOOO0:HI0: When BSY is cleared to zero and DRQ is cleared to zero, then th
device has completed the command and shall make a transition to the HIO: Host Idle stat

PIO00: Check_Status State: This state is entered when the host has written a PIO data-ot
ommand to the device; whenh a DRQ data block has been written and nlEN is set to one; g

When in this state,the host shall read the device Status register. When entering this state fron

5 = e~

O » S5

:

(see Figure 41). If an error is reported, the host shall perform appropriate error recovery.

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 i
set to one.

When in this state, the host shall write the device Data register to transfer data.

S
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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
a@ta DIOCK transier has not compleied, then the host shall make a transition 10 the HPTOUJ]:
Tlransfer_Data state.

-

P100O2: INTRQ_Wait State: This state is entered when the host has completed a(DRQ datp
Hlock transfer and nlEN is cleared to zero.

When in this state, the host shall wait for INTRQ to be asserted.

ransition HPIOO2:HPIOOO0: When INTRQ is asserted, the host shallanake a transition to the
PIOOO0: Check_Status state.

I =
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DPIOOO0: Prepare

BSY=1, DRQ=0, INTRQ=N

P10 data out
command written

_| DI0:DPIOO0
DI1:DPIOO0

—®1—— DPIOOO0:DI1

Error or all data for command transferred & nlEN =0
—— DPIOOO0:DIO
BSY=0, INTRQ=A

Error or all data for command transferred & nlEN = 1

= Device_idle_SI

= Device_idle_S

-l e |

<

r

BSY=0

Ready to receive susequent
DRQ data block & nIEN=0

— DPIOO0:DPIO0O2 -

Ready to receive susequent
DRQ data block & nIEN=1

—— DPIOO0b:DPIOO1 j

Ready to receive first
DRAQ data block

/

DPIOO1: Transfer_Data
BSY=0, DRQ=1, INTRQ=N

Data register written
& DRQ data block Data register writteni& DRQ data

#1— DPI000a:DPIO0O1

-
| / Status register read
|t DPIOO2:DPIOO1 —

DPIOO2: Ready INTRQ
BSY=0, DRQ=1, INTRQ=A

\transferred block transfer nat:€omplete
DPIOO1:DPIOO0 —1— DPIOO1:RRIOO
-
BSY DRQ REL SERV C/D 110 INTRQ | DMARQ | PDIAG- DASP-
\ v 0 0 0 0 V R R R

block.

Figure 50 — Device PIO data-out state diagram

PIOOO0: Prepare State: This state is entered when the device has a PIO data-out comman
ritten to the#*€ommand register or when a DRQ data block has been transferred.

Vheniin'this state, device shall set BSY to one within 400 ns of the writing of the Comman
bgister, shall clear DRQ to zero and negate INTRQ. The device shall check for errors

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’p
ORQ 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 datp
hHlock has not completed, then the device shall make a transition to the BPIOO1: Data_Transfe
state.

-

—

ransition DPIOO1:DPIOO0: When the Data register is written‘and the transfer of the currer
RQ data block has completed, then the device shall make’a transition to the DPIOOQ:
repare state.

o o I |

|

PIOO2: Ready_INTRQ State: This state is entered\when the device is ready to receive p
ORQ data block and nlEN is cleared to zero.

When in this state, BSY is cleared to zero, DRQ.is set to one and INTRQ is asserted.

ransition DPIOO2:DPIOO1: When the, Status register is read, the device shall clear thge
nterrupt Pending, negate INTRQ and make a transition to the DPIOO1: Data_Transfer state.

gl |

11.8 DMA command protocol

This class includes:

¢ READ DMA

o READ DMA EXT

o READ STREANM DMA EXT
o WRITE DMA

o WRITE DMA EXT

o WRITE DMA FUA EXT

of “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
HDMAZ2: INTRQ_wait

HDMAO:HDMAQ — e —p—
<- 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:HDMAO ——+— HDMA1:HDMA2 -

Figure 51 — Host DMA state‘diagram

DMAO: Check_Status State: This state is eniered when the host has written a DM
ommand to the device; when all data for the command has been transferred and nlEN is se€
b one; or when all data for the command has been transferred, nlEN is cleared zero an
NTRQ has been asserted.

o T

When in this state, the host shall read the device Status register. When entering this state fron
the HI4 state, the host shall wait 400.ns before reading the Status register. When entering thi
state from the HDMA1 state, thelhost shall wait one PIO transfer cycle time before reading th
Status register. The wait may be accomplished by reading the Alternate Status register an
gnoring the result.

Transition HDMAO:H10; ‘When the BSY is cleared to zero and DRQ is cleared to zero, then th
device has completed“the command and shall make a transition to the HIO: Host_ldle stat
(pee 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 DMARQ i
egated,.then the host shall make a transition to the HDMAO: Check_Status state.

ransntlon HDMAO HDMA1 When BSY is cleared to zero, DRQ is set to one and DMARQ i

—

O D 0 5

O O

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.

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 i
asserted. The host shall have initialized the DMA channel prior to entering this state.

S

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.

=

: —Wai ate: IS state Is entered wnen the host has complete € transier g
Il data for the command and nlEN is cleared to zero.

<

Vhen in this state, the host shall wait for INTRQ to be asserted.

ransition HDMA2:HDMAO: When INTRQ is asserted, the host shall make a“4ransition to the
DMAQO: Check_Status state.

I =

DDMAO: Prepare
BSY=1, DRQ=0, DMARQ=N

DMA command written

DI10:DDMAO
DI1:DDMAO

Error caused command abaort & nlIEN=0

|—>— DDMAQ:DI0 ————=%—® Device_idle_SI
BSY=0, INTRQ=A

Ready to transfer data | Error caused coramand abort & nl[EN=1
/—DDMAO:DDMM—— DDMAQ:RI1 ——— = 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

—— DDMA1:DI0 ——— = Device_idle_SI
command not

\transferred BSY=0, INTRQ=A
\ DD #DDMAO Error or all data transferred & nlIEN=1
#—— DDMA1:DI1 ———— = Device_idle_S
BSY=0

BSY DRQ REL SERV C/D I/0 | INTRQ | DMARQ | PDIAG- | DASP-
\ v 0 0 0 0 V Vv R R

Figure 52 — Device DMA state diagram

DMAU: Prepare State: This state Is entered when the device has a DMA command writien o
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 an

d

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_Idle_S state (see Figure 43).

Transition DDMAO:DDMA1: When the device is ready to transfer data for the command, th
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.

e

hen in this state, BSY is cleared to zero, DRQ is set to one and INTRQ is negated; or BSX,.i
et to one, DRQ is cleared to zero and INTRQ is negated. Data is transferred as decribed-i
Nultiword DMA timing or Ultra DMA protocol.

ransition DDMA1:DDMAO: When the DMA burst is terminated and all data forthe comman
as not been transferred, the device shall make a transition to the DDMAQO: Prepare state.

-l |

the command due to an error and nlEN is cleared to zero, then the device’shall set error bits
gtppropriate, enter the Interrupt Pending state and make a transition ¢oythe DI0: Device_ldle_§
ate (see Figure 43).

the command due to an error and nlEN is set to one, then the device shall set error bits
jtppropriate, enter the Interrupt Pending state and make 'a transition to the DI1: Device_ldle_
ate (see Figure 43).

11.9 PACKET command protocol

Tlhis class includes:
o/ PACKET

Tlhe PACKET command has a set.of_protocols for non-DMA data transfer commands and a s
gf protocols for DMA data tran§fer commands. Figure 53 and the text following the figur
describe the host protocol for,the PACKET command when non-data, PIO data-in or PIO datg
ut is requested. Figure 54_and the text following the figure describe the device protocol for th

ata transfer is requested. Figure 56 and the text following the figure describe the devic

g
F
the text following the figure describe the host protocol for the PACKET command when DM
d
grotocol for the PACKET command when DMA data transfer is requested.

Transition DDMA1:DI0: When the data transfer has completed or the device chooses to abof

Transition DDMA2:DI1: When the data transfer has complefed or the device chooses to abof

E
ACKET command when'non-data, PIO data-in or PIO data-out is requested. Figure 55 angd
n
e

=)

— =R —+

Ul o —~
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HPO: Check_Status_A

PACKET command written

HP1: Send_Packet

BSY=0&DRQ =1 Data register written & command

— HI4:HPO ———»—HPO0: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

HP2: Check_Status_B

Service return
— HIOXHP2 ————

BSY = 1
HP2:HP2 ——

transfer complete, complete, nlEN=0

nlEN=1

- HP1:HP2 —— HP1:HP3

HP3: INTRQ_wait

(Ready to transfer data or
command compete) & nlEN =0

—— HP2:HP3

|t
INTRQ asserted

o HP3:HP2 —

BSY =0 & DRQ = 0 & REL=0 & SERV=0, no quete
— HP2:HIO & Host_Idle

BSY =0 & DRQ = 0 & REL=0 & SERV70'& nI[EN=0, queue
— HP2a:HIOO0

» Command complete

BSY =0 & DRQ = 0 & REL=0 &SERV=0 & nIEN=1, queue
— HP2a:HIO3 = Command complete

BSY =0 & DRQ = 0 &REL=1 & SERV=0 & n[EN=0

— HP2b:HIO0 = Bus release

BSY =0 & DRQ'= 0 & REL=1 & SERV=0 & nl[EN=1

—— HP2b:HIO3 = Bus release

BSY:=.0 & DRQ = 0 & SERV=1
— HP2:HIO5 ——— = Bus release or command complete

BSY=0&DRQ =1

B-— HP2:HP4

HP4: Transfer_Data

Data register written or
read, & DRQ data
black‘transferred

-t

-t

Data register written or read & DRQ data
block transfer not complete

HP4:HP2 ——— HP4:HP4

Figure 53 —- Host PACKET non-data and PIO data command state diagram
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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
dne.

When in this state, the host shall write a byte of the command packet to the Data register:

-]

ransition HP1:HP1: When the Data register has been written and the writing of.the commang
packet is not completed, the host shall make a transition to the HP1: Send_Packet-state.

—

ransition HP1:HP2: When the Data register has been written, the writing of the commanfd
acket is completed and nlEN is set to one, the host shall make a transition to the HPZ2:
heck_Status_B state.

ko]

—

ransition HP1:HP3: When the Data register has been written; the writing of the commanfd
packet is completed and nlEN is cleared to zero, the host shall make a transition to the HP3:
NTRQ wait state.

T

P2: Check_Status_B State: This state is entered.when the host has written the commangd
acket to the device, when INTRQ has been asserted, when a DRQ data block has beeh
ansferred or from a service return.

=iz o]

Vhen in this state, the host shall read the device Status register. When entering this state fror
ne HP1 or HP4 state, the host shall wait-one PIO transfer cycle time before reading the Statu
bgister. The wait may be accomplished by reading the Alternate Status register and ignoring
he result.

=)

— = o+ =
[

-]

ransition HP2:HP2: When BSY is set to one and DRQ is cleared to zero, the host shall make
transition to the HP2: Check® Status_B state.

Q

—
Q.

ransition HP2:HP3: When the host is ready to transfer data or the command is complete an
IEN is cleared to zefo, then the host shall make a transition to the HP3: INTRQ_Wait state.

o |

-]

ransition HP2:HP4: When BSY is cleared to zero and DRQ is set to one, then the host shall
nake a transition to the HP4: Transfer_Data state.

=

Transition HP2:HI0: When BSY is cleared to zero, DRQ is cleared to zero, REL is cleared t
zZero, SERV is cleared to zero and the device queue is empty, then the command is complete

[oNNe)

reported, the host shall perform appropriate error recoT/ery.

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

t

q

i

0OQ = o0 < |

= O =

one, SERYV is cleared to zero and nlEN is set to one, then the host shall make a transition to

ransitions HP2:HIO5: When BSY is cleared to zero, DRQ is cleared to zero and SERV\is se
b one, then the host shall make a transition to the HIO5: Write_ SERVICE state (see Figur,
2). The command is completed or the bus has been released and another queued’comman
5 ready for service. If an error is reported, the host shall perform appropriate errof_recovery.

—

[N Q)

P3: INTRQ_Wait State: This state is entered when the command  packet has bee
ansmitted, the host is ready to transfer data or when the command has completed and nlE
5 cleared to zero.

=z 3

Vhen in this state, the host shall wait for INTRQ to be asserted.

ransition HP3:HP2: When INTRQ is asserted, the host{shall make a transition to the HP2:
heck Status_B state.

P4: Transfer_Data State: This state is entered when BSY is cleared to zero, DRQ is set tp
ne and C/D is cleared to zero.

Vhen in this state, the host shall read the’byte count then read or write the device Datp
bgister to transfer data. If the bus has~been released, the host shall read the Sector Cour
bgister to determine the tag for the queued command to be executed.

—

ransition HP4:HP2: When the host has read or written the device Data register and the DRQ
ata block has been transferred, then the host shall make a transition to the HP2:
heck_Status_B state.

ransition HP4:HP4{ When the host has read or written the device status register and the
RQ data block transfer has not completed, then the host shall make a transition to the HP4:
ransfer_Data state:
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DPO: Prepare_A
BSY=1, DRQ=0, INTRQ=N, C/D=x, 1/0=x

PACKET command written
L DPO:DP1

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

-
not complete

packet transfer complete [ DP1:DP1
DP1:DP2 ——
/ DP2: Prepare_B |~
\ BSY=1, DRQ=0, INTRQ=N, C/D=Xx, /O=x Service return
- xx:DP2 —

Command complete & nlEN=1 & no queue
Device_ldle_S ~«——  DP2:DI1
BSY=0, REL=0, C/D=1, I/O=1

Command complete & nIEN=1 & queue

Device |dle SR —«———— DP2a:DIO1—
BSY=0, REL=0, C/D=1, I/0=1

Command complete & nlEN = 1 & service required
Device_|dle SS —~e——— DP2a:DIO3 —
BSY=0, REL=0, SERV=1, C/D=1, I/0O=1

Bus release & nlEN =0
Device_ldle_SIR —a—— 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 —

BSY=0, REL=1, SERV=1, C/D=1, I/0O=1, INTRQ=A

DP4: Transfer_Data
BSY=0, DRQ=1, INTRQ=N, C/D=0, |/O=x

Command complete & nlEN=0 & no queue
—DP2:DIO0 = Device_ldle’ SI
BSY=0, REL=0, C/D=1, I/O=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 & pnlEN'= 0 & service required
——DP2a:DI02 ——~=— Device_ldle_SIS
BSY=0, REL=0,,SERV=1, C/D=1, I/0=1, INTRQ=A

Bus release-& nlEN = 1
—— DP2bh;DI0O1 —— = 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/0O=x

Data register Ready to.fransfer DRQ _SERVICE written & service
read/written & DRQ data block & nIEN=1 interrupt enabled
data block transfer [-e—=——— DP2:DP4 —1— DP2a:DP3 -
not 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
— DP4:.DP2 ———  »=1— DP2b:DP3 =
Set byte count & Tag
Status register read
|t DP3:DP4
BSY DRQ REL SERV C/D 170 INTRQ | DMARQ | PDIAG- | DASP-
\% v X X \ v \ R R R

Figure 54 — Device PACKET non-data and PIO data command state diagram

DPO0: Prepare_A State: This state is entered
Command register.

400 ns of the receipt of the command and sh
command is a queued command, the device shall verify that the tag is valid.

when the device has a PACKET written to the

When in this state, device shall set BSY to one, clear DRQ to zero and negate INTRQ within
all prepare to receive a command packet. If the
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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.

—

ransition DP1:DP1: If the Data register is written and the entire command packet has"\ng
een received, then the device shall make a transition to the DP1: Receive_Packet state,

ransition DP1:DP2: When the Data register is written and the entire command-packet ha
een received, then the device shall make a transition to the DP2: Prepare_B state.

[

P2: Prepare_B State: This state is entered when the command packet has been received @
ffrom a Service return.

=

hen in this state, device shall set BSY to one, clear DRQ to zero’ and negate INTRQ. Nor

ata transfer commands shall be executed while in this state. Fer.data transfer commands, th
evice shall check for errors, determine if the data transferdis Complete and if not, prepare t
tfansfer the next DRQ data block.

O

the command is overlapped and the release interrupt)is enabled, the device shall bus releasg
gds soon as the command packet has been received;

Transition DP2:DP4: When the device is ready to transfer a DRQ data block for a commangd
and nlEN is set to one, then the device shall set the command Tag and byte count, set th
Interrupt Pending and make a transition te the DP4: Transfer_Data state.

[

Transition DP2b:DP3: When the device is ready to transfer a DRQ data block for a commangd
and nlEN is cleared to zero, then\the device shall set the command Tag and byte count, set th
hterrupt Pending and make avtransition to the DP3: Ready INTRQ state.

[

Transition DP2a:DP3: When the service interrupt is enabled and the device has SERVIC
written to the Command-register, then the device shall set the command Tag and byte cour
nd make a transitiomto the DP3: Ready INTRQ state.

— 11T

ransition DP2:DI0: When the command has completed or an error occurs that causes thge

command to abort, the deice a no oher cn elsedan nEN is st toone, then th
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).

al on UF d.UIVUS. VVIe c omimand c ompleted Ol d elror O U c dusSe
gommand to abort, the device has another command ready for service and nlEN is set torong
then the device shall set appropriate error bits, set C/D and I/O to one, set SERV to onég, cles
BSY to zero and make a transition to the DIO3: Device_ldle_SS state (see Figure 44).

-

ransition DP2b: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 andxI/O to one, sq
REL to one, clear BSY to zero and make a transition to the DIOO: Device.|dle_SIR state (se
Higure 44).

D ~

ransition DP2b:DIO1: When the command is released and nlEN-“is set to one, then th
device shall set appropriate error bits, set C/D and 1/O to one,.set’'REL to one, clear BSY tp
ro and make a transition to the DIO1: Device_ldle_SR state (see Figure 44).

[

A

ransition DP2b:D102: When the command is released, 'the device has another commangd
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, clear BS
b zero 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 commangd
ready for service and nlEN is set to one,~then the device shall set appropriate error bits, se
d
t

—

/D and 1/O to one, set REL to one, setSERYV to one, clear BSY to zero and make a transitio
b the DIO3: Device_Idle_SS state (see Figure 44).

=

J

P3: Ready_INTRQ State: This state is entered when the device is ready to transfer a DR
ata block and nlEN is cleared to zero. This state is entered to interrupt upon receipt of
ERVICE command when(service interrupt is enabled.

no o
jY)

When in this state,-BSY is cleared to zero, DRQ is set to one, INTRQ is asserted, C/D is
dleared to zero and\l/O is set to one for PIO data-out or cleared to zero for PIO data-in.

Transition DP3:DP2: When the Status register is read to respond to a service interrupt, th
evice shall'make a transition to the DP2: Prepare_B state.

9]

ransition DP3:DP4: When the Status register is read when the device is ready to transfe
ata; then the device shall clear the Interrupt Pending, negate INTRQ and make a transition tp
A Data_Transferstate:

—

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.

PACKET command written

HPDO: Check_Status_A

— HI4:HPDO ———»~

BSY =0&DRQ =1 Data

[ HPDO:HPD1 —————

Service return & service
interrupt disabled

BSY = 1
HPD2:HPD2 —

\

'\

/

(All data for command
transferred & nlEN=1)
or (DMA burst

BSY=1|BSY=0&DRQ=0
HPBEHPBO HPDOHIO———=tostidte
-
- Command packet

HPD2: Check_Status_B

— HIOx:HPD2 ————

HPD1: Send_Packet

packet transfer not complete

— HPD1:HPD1
N

register written & command

J

transfer complete,
nlEN=1

~————————— HPD1:HPD2 —

Command packet transfer
complete, nlEN=0

—HPD1:HPD3 ﬁ

BSY =0 & DRQ =0 & REL=0 & SERV=0, no queue

— HPD2:HIO

— HPD2a:HIO0

— HPD2a:HIO3

—— HPD2b:HIOO0

BSY =0 & DRQ = 0 & REL=0 & SERV=0 & nlEN=0, queue
= Command complete

BSY =0 & DRQ = 0 & REL=0 & SERY=0'& nlEN=1, queue
= Command complete

BSY =0 & DRQ =0 & REL=1& SERV=0 & nl[EN=0

= _Host_Idle

BSY =0 & DRQ =0 & REL=1 & SERV=0 &
— HPD2b:HIO3

B Bus release

nlIEN=1
= Bus release

BSY =0 & DRQ = 0 & SERV=1

Service return and service
interrupt enabled

—HIOx:HPD3

— HPD2:HI©O5 —— = Bus release or command complete

HPD3: INTRQ_wait

/

|
BSY =0 & DRQ = 1& DMARQ
asserted & nlIEN=1

— HPD2:HPD4

HPD4: Transfer_Data

-
All data for command transferred & nIEN=0
— HPD4:HPD3

nlEN=0 and INTRQ asserted
HPD3:HPD2 —

| gt

\

termimatedandatt
data for command not

\transferred)
HPD4:HPD2 ——

DMARQ asserted
HPD3:HPD4 —

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

erform appropriate error recovery.

PD1: Send_Packet State: This state is entered when BSY is cleared to zero, DRQ is'set {
ne.

O

hen in this state, the host shall write a byte of the command packet to the Data, register.

ransition HPD1:HPD1: When the Data register has been written and)the writing of th
mmand packet is not completed, the host shall make a transition to.the/HPD1: Send_Packe
ate.

—~ D

Transition HPD1:HPD2: When the Data register has been written, the writing of the commangd
packet is completed and nlEN is set to one, the host shall. make a transition to the HPD2:
Gheck_Status_B state.

—

ransition HPD1:HPD3: When the Data register has:been written, the writing of the commanfd
packet is completed and nIEN is cleared to zero, the host shall make a transition to the HPD3:
NTRQ wait state.

T

PD2: Check_Status_B State: This state\is“entered when the host has written the commangd
acket to the device, when INTRQ hasybeen asserted, when a DRQ data block has beep
ansferred or from a service return when the service interrupt is disabled.

=iz o]

=)

When in this state, the host shall\read the device Status register. When entering this state fron
the HPD1 or HPD4 state, the _host shall wait one PIO transfer cycle time before reading th
Status register. The wait may be accomplished by reading the Alternate Status register an
ignoring the result.

O

ransition HPD2:HPD2: When BSY is set to one and DRQ is cleared to zero, the host shall
ake a transition-to the HPD2: Check_Status_B state.

ransition 'HPD2:HPD4: When BSY is cleared to zero, DRQ is set to one and DMARQ is
gssertediand nlEN=1, then the host shall make a transition to the HPD4: Transfer_Data statq.
he hest.shall have set up the DMA engine before this transition.

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 perform
appropriate error recovery.

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 transition
to the HIOO0: INTRQ_wait_A state (see Figure 42). The bus has been released.

Transition HPD2b:HIO3: When BSY is cleared to zero, DRQ is cleared to zero, REL is set to
gne, SERVis cleared to zero and niEN1S setto one, then the host shall make a transition 1
ne HIO3: Check_status_A state (see Figure 42). The bus has been released.

—

ransition HPD2:HIO5: When BSY is cleared to zero, DRQ is cleared to zero and SERYV is s
b one, then the host shall make a transition to the HIO5: Write_ SERVICE state(see Figur|
2). The command is completed or the bus has been released and another queued comman
$ ready for service. If an error is reported, the host shall perform appropriate_error recovery.

Pl N |

T

PD3: INTRQ_Wait State: This state is entered when the command” packet has bee
ansmitted, when a service return is issued and the service interrupt\is enabled or when th
gommand has completed and nlEN is cleared to zero.

—

<

Vhen in this state, the host shall wait for INTRQ to be asserted if nlIEN=0 or DMARQ
IEN=1.

- |

—

ransition HPD3:HPD2: When INTRQ is assertedwand nlEN=0, the host shall make
ansition to the HPD2: Check_Status_B state.

—

ransition HPD3:HPD4: When DMARQ is asserted, the host shall make a transition to th
PD4: Transfer_Data state.

I =

T

PD4: Transfer_Data State: This statevis entered when BSY is cleared to zero, DRQ is set {
dne and DMARAQ is asserted.

Vhen in this state, the host shall read or write the device Data port to transfer data. If the bu
as been released, the host'shall read the Sector Count register to determine the Tag for th
queued command to be executed.

0O <

-]

ransition HPD4:HPD2: The host shall make a transition to the HPD2: Check_Status_B stat
hen (1) the host-has transferred all data for the command and nIEN is set to one, or (2) th
MA burst has'heen terminated and all data for the command has not been transferred.

Oos

-]

ransition/HPD4:HPD3: When all data for the request has been transferred and nlEN i
deared, to zero, then the host shall make a transition to the HPD3: INTRQ_wait state.

—

[oRN O]

=}

[N

o D
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DPDO: Prepare_A
BSY=1, DRQ=0, INTRQ=N,
C/D=x, I/0=x, DMARQ=N

PACKET command written

Ready to receive command packet

DPD1: Receive_packet
BSY=0, DRQ=1, INTRQ=N,
C/D=1, 1/0=0, DMARQ=N

Data register written &
command packet transfer

— xx:DPD0 ——»— DPDO0:DPD1

Data register written & command packet transfer complete

'
not complete

DPD1:DPD2—

-

DPDZ Prepare_B
BSY=1, DRQ=0, INTRQ=N, C/D=x, I/0=x, DMARQ=N

— DPD1:DPD1 ﬂ
|-t

Service return

- =

Command complete & nIEN=1 & no queue
Device_Idle_ S —e—— DPD2:DI1
BSY=0, REL=0,C/D=1, I/O=1

Command complete & nIEN=1 & queue

Device_Idle_ SR —e—— DPD2a:DIO1
BSY=0, REL=0, C/D=1, I/O=1

Command complete & nlEN = 1 & service required
Device_ldle_SS —e———— DPD2a:DIO3 —
BSY=0, REL=0, SERV=1, C/D=1, I/0O=1

Bus release & nlEN =0
Device_|dle SIR ~e——— DPD2b:DIO0 —

-t xx:DPD2 —

Command complete & nIEN=0 & no queue
—— DPD2:DI0 ————— = Device-dle_SI
BSY=0, REL=0, C/D=1, I/O=1, INTRQ=A

Command complete & nIEN=0 & queue
—— DPD2a:DIO0 ——— =~ Device_Idle_SIR
BSY=0, REL=0, C/D=1, I{O=1, INTRQ=A

Command complete: &IEN = 0 & service required
——DPD2a:DIO2 <——— = Device_ldle_SIS
BSY=0, REL=0,"SERV=1, C/D=1, I/O=1, INTRQ=A

Bus release‘& nlEN =1
—— DPD2b:DIO1 —— = Device_ldle_SR

BSY=0, REL=1, C/D=1, I/0O=1, INTRQ=A | BSY=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

Bus release & nlEN = 0 & service required
Device_Idle_SIS -«———— DPD2b:DIO2
BSY=0, REL=1, SERV=1, C/D=1, I/0O=1, INFRQ=A

DPD3: Ready_INTRQ
BSY=0, DRQ=1, INTRQ=A,
C/D=0, I/0=x, DMARQ=N

DPD4: Transfer_Data
BSY=0, DRQ=1, INTRQ=N,
C/D=0, I/0=x, DMARQ=A

SERVICE written & service
interrupt enabled
—— DPD2:DPD3 ———————— &

Ready to transfer DMA
data

~&——— DPD2:DPD4 —
Set byte count & Tag

DMA burst terminated
—— DPD4:DPD2

Service status read

-~ DPD3:DPD2 —
BSY | DRQ | REL | SERV | C/D | VO | INTRQ | DMARQ | PDIAG- | DASP-
\% \% X X \% \% V \ R R

Figure 56 — Device PACKET DMA command state diagram

DPDO0: 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.

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

C

ommand 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.

—

o =

|

ransition DPD1:DPD2: When the Data register is written and the entire command packet ha
een received, then the device shall make a transition to the DPD2: Prepare_B state.

[2]

PD2: Prepare_B State: This state is entered when the command packet has been receivefd
r from a Service return.

hen in this state, device shall set BSY to one, clear DRQ to zero and negate INTRQ. Th
evice shall check for errors, determine if the data transfer is completeand if not, prepare t
ansfer the DMA data.

[oAN¢)

the command is overlapped and the release interrupt is enabled, the device shall bus releasg
s soon as the command packet has been received.

ransition DPD2:DPD4: When the device is ready to:transfer DMA data for a command anfd
IEN is set to one, then the device shall set the command Tag and byte count, set the Interruf
ending and make a transition to the DPD4: Transfer_Data state.

—

ransition DPD2:DPD3: When the service interrupt is enabled and the device has SERVIC
ritten to the Command register, then the\device shall set the command Tag and byte cour

— 11T

then the device shall set thewnterrupt Pending, set appropriate error bits, set C/D and /O t

—

1
t

nd make a transition to the DPD3: Ready, INTRQ state.

ransition DPD2:DI0: When the_command has completed or an error occurs that causes thge
mmand to abort, the device has no other command released and nlEN is cleared to zerd

O

ne, clear BSY to zero and-make a transition to the DIO: Device_Idle_SI state (see Figure 43).

ransition DPD2:DI1: 'When the command has completed or an error occurs that causes th

mmand to abort, the device has no other command released and nlEN is set to one, then th
evice shall set _appropriate error bits, set C/D and 1/O to one, clear BSY to zero and make
ansition to the\DI1: Device_ldle_S state (see Figure 43).

T O

jO)

ransition,DPD2a:DI00: When the command has completed or an error occurs that cause
he command to abort, the device has another command released but not ready for service an
IENNs cleared to zero, then the device shall set the Interrupt Pending, set appropriate errg

- O O

n
b

its;) set C/D and 1I/O to one, clear BSY to zero and make a transition to the DIOQ:

Device_Idle_SIR state (see Figure 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 cause
the command to abort, the device has another command ready for service and nlEN is set t

S
(0]

one, then the device shall 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 DIO3: Device_ldle_SS state (see Figure 44).

Transition DPD2b:DIO0: When the command is released and nlEN is cleared to zero, then th

e

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 (se
Figure 44).

e

ransition DPD2b:DIO1: When the command is released and nlEN is set to one, then-th
evice shall set appropriate error bits, set C/D and I/O to one, set REL to one, clear-BSY t
ro and make a transition to the DIO1: Device_ldle_SR state (see Figure 44).

ransition DPD2b:DI02: When the command is released, the device has anothér comman
ready for service and nlEN is cleared to zero, then the device shall set the Interrupt Pending
et appropriate error bits, set C/D and I/O to one, set REL to one, set SERV 16 one, clear BS
b zero and make a transition to the DIO2: Device_Idle_SIS state (see Figure 44).

—

Transition DPD2b:DIO3: When the command is released, the deviee has another comman
ready for service and nlEN is set to one, then the device shall.set appropriate error bits, se
@/D and I/O to one, set REL to one, set SERV to one, clear BSY) to zero and make a transitio
tp the DIO3: Device_ldle_SS state (see Figure 44).

DPD3: Ready_INTRQ State: This state is entered uponireceipt of a SERVICE command whe
gervice interrupt is enabled.

When in this state, BSY is cleared to zero, DRQ is set to one, INTRQ is asserted, C/D i
dleared to zero and I/O is set to one for PIO data-out or cleared to zero for PIO data-in.

Transition DPD3:DPD2: When the Status register is read to respond to a service interrupt, th
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 DM
data.

When in this state, BSY is cleared to zero, DRQ is set to one, INTRQ is negated, C/D i
deared to zero, 1/O¢s; set to one for data-out or cleared to zero for data-in, DMARQ is asserte
and data is transferred as described in Multiword DMA timing or Ultra DMA protocol.

Transition BPD4:DPD2: When the DMA burst is terminated, the device shall make a transitio
p the DPD2: Prepare_B state. All of the data for the command may not have been transferred

—

11.170. 'READ/WRITE DMA QUEUED command protocol

L

o

=<

—

9]

o0

his 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 th
command may be transferred without a bus release between the command receipt and the dat
transfer. This command may bus release before transferring data. The host shall initialize th

e
a
e
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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

— HI4:HDMAQO ———  r— HDMAQO:HIO

BSY =0 & DRQ =0 & REL=0 & SERV=0, no queue
- Host_lIdle

S

DMA QUEUED service return

___ HIO5:HDMAQO
HIO7:HDMAQO

BSY =1, DMARQ=N
HDMAQO:HDMAQO —

|—>— HDMAQOa:HIO0

BSY =0 & DRQ = 0 & REL=0 & SERV=0 & nlEN=0, queue
= Command complete

BSY =0 & DRQ = 0 & REL=0 & SERV=0 & nl[EN=1, queue
—— HDMAQOa:HIO3

= Commangd eomplete

BSY =0 & DRQ =0 & REL=1 & SERV=0 & nIEN=0
—— HDMAQOb:HIO0 > Bus release

BSY =0 & DRQ =0 & REL=1 & SERV=0 &nhlEN=1
—— HDMAQOb:HIO3 B Bus release

BSY =0 & DRQ = 0 & SERV=1
—— HDMAQO:HIO5 —® Bus-release or command complete

HDMAQ2: INTRQ_wait

INTRQ asserted
HDMAQ2:HDMAQO —

\

-

BSY =0 & DRQ = 1& DMARQ asserted
— HDMAQO:HDMAQ1

/

(All data for command
transferred & nIEN=1) or.
(the DMA burst is
terminated and all.data for
command has not-been

HDMAQ1: Transfer._Data

gt

All data for command transferred & nIEN=0
— HDMAQ1:HDMAQ2

o

%nsferred)
HDMAQ1:HDMAQO —

Figure 57

DMAQO* Check_Status State:

|.

READMWRITE DMA QUEUED command to the device, when all data for the command ha
been ‘transferred and nlEN is set to one or when all data for the command has bee
t " NSt FNTROA : — st l ['

ERVICE c’ommand has been written to continue execution of a bué released command.

— Host DMA QUEUED state diagram

This state is entered when the host has written

2]

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.

'I' T T

deared to zero, SERV is cleared to zero, nlEN is cleared to zero and the device has a queue f
released commands, then the command is completed and the host shall make a transition t
the HIO0: Command completed state (see Figure 42). If an error is reported, the host shall
perform appropriate error recovery.

Transition HDMAQOa:HIO3: When BSY is cleared to zero, DRQ is cleared|to zero, REL is
deared to zero, SERV is cleared to zero, nlEN is set to one and the device’ has a queue qgf
released commands, then the command is completed and the host shall\make a transition tp
the HIO3: Command completed state (see Figure 42). If an error is\reported, the host shall
perform appropriate error recovery.

-]

ransition HDMAQOb:HIO0: When BSY is cleared to zero, DRQ"is cleared to zero, REL is se
b one, SERV is cleared to zero and nlEN is cleared to-zé€ro, then the host shall make p
ansition to the HIO0: INTRQ_wait_A state (see Figure 42)>»1The bus has been released.

—~ —~
—

-]

ransition HDMAQOb:HIO3: When BSY is cleared t6'zero, DRQ is cleared to zero, REL is s¢
b one, SERV is cleared to zero and nlEN is set to.‘one, then the host shall make a transition t
ne HIO3: Check_status_A state (see Figure 42)\The bus has been released.

—
O ~

—

Transition HDMAQO:HIO5: When BSY is-cleared to zero, DRQ is cleared to zero and SERV i
set to one, then the host shall make a transition to the HIO5: Write_ SERVICE state (see Figur
42). The command is completed or the bus has been released and another queued comman
i$ ready for service. If an error is reported, the host shall perform appropriate error recovery.

[2]

o

DMAQ1: Transfer_Data State: This state is entered when BSY is cleared to zero, DRQ is s
tp one and DMARAQ is assérted.

—

[

hen in this state, the_host shall read or write the device Data port to transfer data. If the bu
as been releasedy the host shall read the tag in the Sector Count register to determine th
queued command-to be executed and initialize the DMA channel.

[

ransitionn (HDMAQ1:HDMAQO: The host shall make a transition to the HDMAQQ:
Gheck_Status state when (1) all data for the request has been transferred and nlEN is set tp
dne, ot(2) the DMA burst is terminated and all data for the request has not been transferred.

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
Device_|dle SR ~«——— DDMAQOa:DIO1 —1—— DDMAQOa:DIO0 — = Device_ldle_SIR
BSY=0, REL=0 BSY=0, REL=0, INTRQ=A
Command complete & nlEN = 1 & service Command complete & nlEN = 0 & service,required
Device_ldle_SS -a——— DDMAQOa:DIO3 ———— DDMAQOa:DIO2 —— Device_ldle_SIS

BSY=0, REL=0, SERV=1 BSY=0, REL=0, SERV=1, INTRQ=A

Bus release & nlEN =0 | Bus release & nlEN =1
Device_Idle_SIR —e—— 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_Idle_SIS -«—— DDMAQOb:DIO2 — DDMAQOb:DIO3 ——m= Device_Idle_SS
BSY=0, REL=1, SERV=1, INTRQ=A | BSY=0, REL=1, SERV=1

Ready.to'transfer DMA data
DDMAQO:DDMAQ1

1

DDMAQ1: Transfer_Data
BSY=0, DRQ=1, INTRQ=N, DMARQ=A

DMA burst terminated
DDMAQT:DDMAQO — 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

Pd

DMAQO: Prepare State: This state is entered when the device has a READ/WRITE DM
DUEUED orSERVICE command written to the Command register, when the data has bee
ansferred~or when the command has completed.

il - |
=)

<

Vhen in this state, device shall set BSY to one, clear DRQ to zero and negate INTRQ. If the
ommand is a queued command, the device shall verify that the tag is valid. If commands are
gqueued, the tag for the command to be serviced shall be placed Into the Sector Count register.

o

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).

3 on DDMAQOaDIOT YWher s ommand a 1 eT

gauses the command to abort, the device has another command released but not ready.fg
service and nlEN is set to one, then the device shall set appropriate error bits, clear-BSY tp
ro and make a transition to the DIO1: Device_ldle_SR state (see Figure 44).

= —~-~

VA

—

ransition DDMAQOa:DIO2: When the command has completed or an error)occurs tha
gauses the command to abort, the device has another command ready for senvice and nlEN is
deared to zero, then the device shall set the Interrupt Pending, set appropriate error bits, sqg
JERV to one, clear BSY to zero, assert INTRQ and make a transition to the DIOZ:
[evice_ldle_SIS state (see Figure 44).

—

—

ransition DDMAQOa:DIO3: When the command has completed or an error occurs tha
gauses the command to abort, the device has another command ready for service and nlEN i
set to one, then the device shall set appropriate error bits, set SERV to one, clear BSY to zer
dnd make a transition to the DIO3: Device_ldle_SS state (see Figure 44).

[N ]

ransition DDMAQOb:DIO0: When the bus is released and nlEN is cleared to zero, then th
device shall set the Interrupt Pending, set appropriate error bits, set REL to one, clear BSY t
ro, assert INTRQ and make a transition to the'®IOO0: Device_ldle_SIR state (see Figure 44).

[O2N¢]

A

ransition DDMAQOb:DIO1: When the bus/is released and nlEN is set to one, then the devic
shall set appropriate error bits, set REL {0 one, clear BSY to zero and make a transition to the
[}101: Device_Idle_SR state (see Figure 44).

[

ransition DDMAQOb:DIO2: When the bus is released, the device has another commangd
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 tolthe DIO2: Device_ldle_SIS state (see Figure 44).

Transition DDMAQOb:DIO3: When the bus is released, the device has another commangd
ready for servige and nlEN is set to one, then the device shall set appropriate error bits, se
REL to one/set SERV to one, clear BSY to zero and make a transition to the DIO3J:
Device Idle\USS state (see Figure 44).

—

™

DMAQ1: Data_Transfer State: This state is entered when the device is ready to transfe
MA ‘data.

Cl
=

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

EVICE DIAGNOSTIC protocol for Device 0. Figure 61 and the text following the figur;
escribe 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 ————— > 1—— HEDO:HED2 ————— =1 — HED2'HI0 —= Host_idle

HED1: INTRQ_Wait BSY =1
e —HED2:HED2

EXECUTE DEVICE DIAGNOSTIC
command written & nIEN=0

— HI4:HED1 ———— »=—HED1:HED2 -

INTRQ asserted

Figure 59 — Host EXECUTE DEVICE-DIAGNOSTIC state diagram

EDO: Wait State: This state is entered whén the host has written the EXECUTE DEVIC
IAGNOSTIC command to the devices andEN is set to one.

| o B

Tlhe host shall remain in this state for at feast 2 ms.

ransition HEDO:HED1: When at-least 2 ms has elapsed since the command was written, the
ost shall make a transition to.the HED1: Check_status state.

bl |

-

ED1: INTRQ_wait: This)state is entered when the host has written the EXECUTE DEVIC
IAGNOSTIC command to the devices and nlEN is cleared to zero.

Ccl

When in this state-the host shall wait for INTRQ to be asserted.

ransitiommHED1:HED2: When INTRQ is asserted, the host shall make a transition to the
ED2: €heck_status state.

I =

HED2: Check_status State: This state is entered when at least 2 ms since the command wals
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
DI0:DOEDO | - Clear bit 7 \
DI1:DOEDO | . .
Bus released & Device 1 exists

— DOEDO0:DOED1
DOED1: PDIAG-_wait \
1 ms wait complete J
DOED1:DOED2

DOED2: Sample_PDIAG- DOED3: Set_status

— %
-
Resample PDIAG- | PDIAG- asserted Status set & nl[EN=1
DOED2:DOED2 —— DOED2a:DOED3 ———®=1— DOED3:DI1 —————# Device_idle_S
Clear bit 7 BSY=0
6 s timeout Status set & nIEN=0
— DOED2b:DOED3 ———m=r—— DOED3:D|0"~———m Device_idle_SI
Set bit 7 BSY=0, INTRQ=A

BSY DRQ REL SERV C/D /0 | INFRQ'| DMARQ | PDIAG- | DASP-
1 0 0 0 0 0 V R R R

Figure 60 — Device 0 EXECUTE DEVICE DIAGNOSTIC state diagram

™

O0EDO: Release_bus State: This state is efitered when the EXECUTE DEVICE DIAGNOSTIC
gommand has been written.

When in this state, the device shall release PDIAG-, INTRQ, IORDY, DMARQ and DD(15:Q)
gnd shall set BSY to one within 400 hs after entering this state.

The device should begin pefforming the self-diagnostic testing.

-]

ransition DOEDO0:DOED1: When the bus has been released, BSY set to one and the assertio
f DASP- by Device~ was detected during the most recent power-on or hardware reset, thep
ne device shall make a transition to the DOED1: PDIAG-_wait state.

- O
>

=

ransition DOED0:DOED3: When the bus has been released, BSY set to one and the assertio
f DASPAby Device 1 was not detected during the most recent power-on or hardware reset,
nen the. device shall clear bit 7 in the Error register and make a transition to the DOED3J:
et /status state.

(N O =

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 since
the command was written.
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When in this state, the device shall sample the PDIAG- signal.

Transition DOED2:DOED3: When the sample indicates that PDIAG- is asserted, the device

S

hall 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.

register and make a transition to the DOED3: Set_status state.

N — =

q

) —

I
3

V
h

qQ

gpecified initial conditions. MODE SELECT conditions shall be restored to their last save

ransition DOED2:DOED3: When the sample indicates that DASP- is not asserted and 6
ave elapsed since the command was written, then the device shall set bit 7 in the Errg

= O

0ED3: Set_status State: This state is entered when bit 7 in the Error register has‘been set @
leared.

=

hen in this state, the device shall clear the DEV bit in the Device register to zero within 1 mg.
he device shall complete the self-diagnostic testing begun in the Release bus state if ng
Iready completed.

—

esults of the EXECUTE DEVICE DIAGNOSTICS self-diagnostic\testing shall be placed in bilE
5:0) of the Error register (see ISO/IEC 24739-1:2008, Claus€ 6). The device shall set th

ignature values (see ISO/IEC 24739-1:2008, Clause 5). The'contents of the Features registgr
5 undefined.

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

the device implements the PACKET command feature set, the device shall clear bits 6, 5, 4
, 2 and 0 in the Status register to zero~The device shall return the operating modes to the

[

alues if saved values have been established. MODE SELECT conditions for which no value]
ave been saved shall be returned to their default values.

ransition DOED3:DI1: When 'hardware initialization and self-diagnostic testing is completeq
ne status has been setrand nlEN is set to one, then the device shall clear BSY to zero an(d
hake a transition to the DI1: Device_idle_S state (see Figure 43).

ransition DOED3:DI0: When hardware initialization and self-diagnostic testing is completed,
ne status has,been set and nlEN is cleared to zero, then the device shall clear BSY to zerg,
ssert INTRQ<nd make a transition to the DI0: Device_idle_SI state (see Figure 43).
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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 V R

Figure 61 — Device 1 EXECUTE DEVICE DIAGNOSTIC command state diagram

™

1EDO: Release_bus State: This state is entered when the EXECUTE DEVICE DIAGNOSTIC
gommand is written.

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

=

Tlhe device should begin performing the self-diagnostic testing.

Transition D1EDO0:D1ED1: When the bus has been released and BSY set to one, then the
device shall make a transition to the D1ED1: Negate PDIAG- state.

™

1ED1: Negate_PDIAG- State: This state is entered when the bus has been released angd
SY set to one.

jwul

<

Vhen in this state, the device shall negate PDIAG- and clear the DEV bit in the Device registe
ithin less than 1 ms (of)the receipt of the EXECUTE DEVICE DIAGNOSTIC command.

=
=

Transition D1ED41:D1ED2: When PDIAG- has been negated, the device shall make R
ansition 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-diagnosti
testing begun in ihe Release bus staie if not already completed. Resulis of ithe EXECUT
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 RESET command protocol

Tlhis class includes:
DEVICE RESET

the host asserts RESET- before the device has completed executing ay DEVICE RESE[
ommand, then the device shall start executing the hardware reset protogol from the begining.
the host sets the SRST bit to one in the Device Control register <efore the device ha
ompleted executing a DEVICE RESET command, the device shall start*executing the softwar|
bset protocol from the beginning.

[2]

S 0 =0 =
)

—

he host should not issue a DEVICE RESET command while-a'DEVICE RESET command is i
grogress. If the host issues a DEVICE RESET command whijle a DEVICE RESET command is
n progress, the results are indeterminate.

=)

n

igure 62 and the text following the figure describe_the DEVICE RESET command protocol fg
he host. Figure 63 and the text following the figure describe the DEVICE RESET comman
pgrotocol for the device.

=

—
Qo

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

-

DRO:' Wait State: This state is entered when the host has written the DEVICE RESE[
dommand to the device.

The host shall remain in this state for at least 400 ns.

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 to the
HI0: Host_idle state (see Figure 41). If status indicates that an error has occurred, the host

shall take appropriate action.

DDRO: Release_bus DDR1: Set_status
DEVICE RESET Bus released Status set
command written L hpRo.ppR1 ——m=— DDR1:DI1 —= Device_idle_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

™

DRO: Release_bus State: This state is entered when the DEVICE RESET command i
written.

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

ransition DDRO0:DDR1: When the bus has been released and BSY set to one, the devic
hall make a transition to the DDR1: Set_status state.

DR1: Set_status State: This state isxentered when the device has released the bus and se
SY to one.

hen in this state the device should stop execution of any uncompleted command. The devic
hould end background activity.(e.g., immediate commands, see MMC-2).

he device should nof ‘revert to the default condition. If the device reverts to the defau
ndition, the device ‘shall report an exception condition by setting CHK to one in the Statu
register. MODE SELECT conditions shall not be altered.

he device shall set the signature values (see ISO/IEC 24739-1:2008, Clause 5). The conter
f the Features register is undefined.

he device shall clear bit 7 in the ERROR register to zero. The device shall clear bits 6, 5, 4, 3

(@R

]

—

[

(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)
b)

The host shall keep DMACK- in the negated state before an Ultra DMA burst is initiated.

The device shall assert DMARAQ to initiate an Ultra DMA burst when DMACK- is negated.
After assertion of DMARQ the device shall not negate DMARQ until after the first negatio

N
ad)
d)
g

)

|

g)
H)

OTE Steps c), d) and e) may occur in any order or at the same time.

OTE For steps c), d) and e) shall have occurred at least tack before the host asserts\DMACK-.

11.13.2 The data-in transfer

he following steps shall occur in the order they are listed unless otherwise specified. Timinpg
bquirementscare’listed in 12.2.5 and shown in 12.2.5.2.

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 CS0-, CS14,
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 BMA 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-. Once th
device has driven DSTROBE the device shall not release) DSTROBE until after the host ha
negated DMACK- at the end of an Ultra DMA burst.

The host shall negate STOP and assert HDMARDY- within tENV after asserting DMACK
After negating STOP and asserting HDMARDY>, the host shall not change the state d
either signal until after receiving the first negation of DSTROBE from the device (i.e., aftg
the first data word has been received).

[

= — -

The device shall drive DD(15:0) no sooner than tzap has occurred and after the host hals
asserted DMACK-, negated STOP and asserted HDMARDY-.

The device shall drive the first word of the data transfer onto DD(15:0). This step may occy
when the device first drives DD(15:0) in step (j).

To transfer the first word, of. data the device shall negate DSTROBE within tFS after th
host has negated STOR and asserted HDMARDY-. The device shall negate DSTROBE n
sooner than tpys has-oceurred and after driving the first word of data onto DD(15:0).

=

OO

The device shall drive a data word onto DD(15:0).

The“device shall generate a DSTROBE edge to latch the new word no sooner than fpys ha
occurred and after changing the state of DD(15:0). The device shall generate a DSTROB
edge no more frequently than tcyc for the selected Ultra DMA mode. The device shall ng

[

—~ I

c)

d)

generate two rising or two falling DSTROBE edges more frequently than f,,. for the
selected Ultra DMA mode.

The device shall not change the state of DD(15:0) until at least tpyy after generating a
DSTROBE edge to latch the data.

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.

= P

a) The device shall not pause an Ultra DMA burst until at least one data word of an Ultra DMA
burst has been transferred.

b) 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.

c) 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

Tihe following steps for host pausing apply.

q) The host shall not pause an Ultra DMA burst until at least one data word of an Ultra DMA
burst has been transferred.

H) The host shall pause an Ultra DMA burst by negating HDMARDY-.

d) The device shall stop generating DSTROBE edges within tres of the host negating
HDMARDY-.

d) When operating in Ultra DMA modes 2, 1 or 0 the host shall be prepared to receive zerg
one or two additional data words after negating HDMARDY-. While\operating in Ultra DM
modes 6, 5, 4 or 3 the host shall be prepared to receive zero,Lene, two or three additiona
data words after negating HDMARDY-. The additional data words are a result of cable
round trip delay and trrs timing for the device.

g) The host shall resume an Ultra DMA burst by asserting/HBMARDY-.

11.13.3.4 Terminating an Ultra DMA data-in burst

1
B

1

|

)
)

1.13.3.4.1 Device terminating an Ultra DMA data-in burst

urst termination is completed when the termination protocol has been executed and DMACK
negated.

he device shall terminate an Ultra DMA~burst before command completion.

he following steps shall occur inthe order they are listed unless otherwise specified. Timing
bquirements are listed in 12.2.5°and shown in 12.2.5.5.

The device shall initiate’ termination of an Ultra DMA burst by not generating additional
DSTROBE edges.

The device shallnegate DMARQ no sooner than tgg has occurred and after generating th
last 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 hoest'shall assert STOP within t,, after the device has negated DMARQ. The host sha]l
not negate STOP again until after the Ultra DMA burst is terminated.

The~host shall negate HDMARDY- within £, after the device has negated DMARQ. The hog
shall continue to negate HDMARDY- until the Ultra DMA burst is terminated. Steps d) an

€) may occur simultaneously

[

Q. —~

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 tasck after negatin

|

)

H)

11.13.3.4.2 Host terminating an Ultra DMA data-in burst

he following steps shall occur in the order they are listed unless otherwise specified. Timing
bquirements are listed in 12.2.5 and shown in 12.2.5.6.

DMACK-.
The host shall not assert DIOR-, CS0-, CS1-, DA2, DA1 or DAO until at least tsck(aftd
negating DMACK.

Py

Ultra DMA burst has been transferred.

The host shall initiate Ultra DMA burst termination by negating-HDMARDY-. The host sh
continue to negate HDMARDY- until the Ultra DMA burst is terminated.

The device shall stop generating DSTROBE edges within trrs of the host negating
HDMARDY-.
When operating in Ultra DMA modes 2, 1 or 0 the host shall be prepared to receive zerq,
one or two additional data words after negating HDMARDY-. While operating in Ultra DMA
modes 6, 5, 4 or 3 the host shall be prepared to teceive zero, one, two or three additioneLI
data words after negating HDMARDY-. The additional data words are a result of cabl
round trip delay and trrs timing for the device:

The host shall assert STOP no soonef, than fgp has occurred and after negatin
HDMARDY-. The host shall not negateZSTOP again until after the Ultra DMA burst i
terminated.

The device shall negate DMARQ within ¢, after the host has asserted STOP. The devicg
shall not assert DMARQ again until-after the Ultra DMA burst is terminated.
If DSTROBE is negated, the-device shall assert DSTROBE within t,, after the host hajs
asserted STOP. No data shall be transferred during this assertion. The host shall ignor
this transition on DSTROBE: DSTROBE shall remain asserted until the Ultra DMA burst i
terminated.

The device shall release DD(15:0) no later than t,; after negating DMARAQ.

The host shall drive -DD(15:0) no sooner than {;ay has occurred and after the device hajs
negated DMARQ~nFor this step, the host may first drive DD(15:0) with the result of the ho{
CRC calculation*(see 11.15).

If the host‘has not placed the result of the host CRC calculation on DD(15:0) since firs
driving DDB(15:0) during (i), the host shall place the result of the host CRC calculation o
DD(1570) (see 11.15).

Thechost shall negate DMACK- no sooner than fy, has occurred and after the device ha
asserted DSTROBE and negated DMARQ and the host has asserted STOP and negate
HDMARDY- and no sooner than tpys has occurred and after the host places the result g
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The host shall not initiate Ultra DMA burst termination until at least one data word of aar
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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)
b)

The host shall keep DMACK- in the negated state before an Ultra DMA burst is initiated.
The device shall assert DMARQ to initiate an Ultra DMA burst when DMACK- is negated.

NOTE Steps c), d) and e) may occur in any order or at the same time.

o)
d)
&)

|

q)
H)

NOTE For steps c), d) and e) shall have occurred at least tack before the host asserts DMACK-.

11.14.2 Data-out transfer

he following steps shall occur in thelorder they are listed unless otherwise specified. Timing
bquirements are listed in 12.2.5 and-shown in 12.2.5.8.

11-44:3 Pausing an Ultra DMA data-out burst

The host shall assert STOP.

The host shall assert HSTROBE.
The host shall negate CS0-, CS1-, DA2, DA1 and DAO. The host shall keep CS0-,,CS14,
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 device may negate DDMARDY- t;0rpy after the host has asserted DMACK-. Once th

)

device has negated DDMARDY-, the device shall not release DDMARDY- until after thge
host has negated DMACK- at the end of an Ultra DMA burst.

The host shall negate STOP within tzyy after asserting DMACK-._The host shall not asseft
STOP until after the first negation of HSTROBE.

The device shall assert DDMARDY- within t,, after the host has negated STOP. Aftgr
asserting DMARQ and DDMARDY- the device shall notfegate either signal until after the
first negation of HSTROBE by the host.

The host shall drive the first word of the data transfer onto DD(15:0). This step may occyr
any time during Ultra DMA burst initiation.

To transfer the first word of data: the host shall hegate HSTROBE no sooner than ty ha

ILLEY2)

occurred and after the device has asserted BBDMARDY-. The host shall negate HSTROB
no sooner than tpys after the driving the first word of data onto DD(15:0).

The host shall drive a data word onto DD(15:0).
The host shall generate-an HSTROBE edge to latch the new word no sooner than fpys aftq
changing the state of*BD(15:0). The host shall generate an HSTROBE edge no mor
frequently than tgyc for the selected Ultra DMA mode. The host shall not generate tw,
rising or falling HSTROBE edges more frequently than fycyc for the selected Ultra DM
mode.

The host shal’not change the state of DD(15:0) until at least fpyy after generating an
HSTROBEedge to latch the data.
The hest’shall repeat steps a), b) and c¢) until the Ultra DMA burst is paused or terminatefd
by thedevice or host.

2> 0O b =

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.

The host shall not pause an Ultra DMA burst until at least one data word of an Ultra DMA
burst has been transferred.

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).

The 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.

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,

g)

|

)

H)

11.14.4 Terminating an Ultra DMA data-out burst
11.14.4.1 Host terminating an Ultra DMA data-out burst

he following steps shall occur in the order they are listed unless otherwise specified. Timing
bquirements are listed in 12.2.5 and shown in 12.2.5.10.

modes 6, 5, 4 or 3 the device shall be prepared to receive zero, one, two or three addition
data words after negating DDMARDY-. The additional data words are a result pf\¢cabl
round trip delay and trgg timing for the host.

The device shall resume an Ultra DMA burst by asserting DDMARDY-.

one or two additional data words after negating DDMARDY-. While operating In Ultra UM{
I

The host shall initiate termination of an Ultra DMA burst by not generating additional
HSTROBE edges.
The host shall assert STOP no sooner than tgg has<ceurred and after the last generatefd
an HSTROBE edge. The host shall not negate STOP “again until after the Ultra DMA burst
is terminated.
The device shall negate DMARQ within f | after; the host asserts STOP. The device shall
not assert DMARQ again until after the Ultra*DMA burst is terminated.
The device shall negate DDMARDY - withintfy | after the host has negated STOP. The devicke
shall not assert DDMARDY- again until aftér the Ultra DMA burst termination is complete.
If HSTROBE is negated, the host shall assert HSTROBE within f;| after the device ha
negated DMARQ. No data shall be“transferred during this assertion. The device shal
ignore this transition on HSTROBE. HSTROBE shall remain asserted until the Ultra DMA
burst is terminated.

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 host ha
asserted HSTROBE and) STOP and the device has negated DMARQ and DDMARDY- an
no sooner than tpys\has occurred and after placing the result of the host CRC calculatio
on DD(15:0).

The device shall latch the host's CRC data from DD(15:0) on the negating edge ¢
DMACK-.

The devige“shall compare the CRC data received from the host with the results of thge
device GRC 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 DDMARDY- within tj,grpyz after the host has negated DMACK-.
The host shall neither negate STOP nor negate HSTROBE until at least tpck after negating

= O

DS O 0

=

DMACK-.
The host shall not assert DIOW-, CS0-, CS1-, DA2, DA1 or DAO until at least taock after
negating DMACK.

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 tgrgg timing for the host.

o |

1
2)
3

11.15 Ultra DMA CRC rules

he following is a list of_fules for calculating CRC, determining if a CRC error has occurrefd
uring an Ultra DMA burst/and reporting any error that occurs at the end of a command.

The device shall negate DMARQ no sooner than tgrp after negating DDMARDY-. The deyice
shall not assert DMARQ again until after DMACK- is negated.
The host shall assert STOP within ¢ | after the device has negated DMARQ. The host’shal
not negate STOP again until after the Ultra DMA burst is terminated.

If HSTROBE is negated, the host shall assert HSTROBE within f, after the)device ha
negated DMARQ. No data shall be transferred during this assertion. TheZdevice sha
ignore this transition of HSTROBE. HSTROBE shall remain asserted untik the Ultra DM
burst is terminated.

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 fyy | has occurred and after the host ha
asserted HSTROBE and STOP and the device has negated DMARQ and DDMARDY- an
no sooner than fpys has occurred and after placing the result of the host CRC calculatio
on DD(15:0).

The device shall latch the host's CRC data from DB(15:0) on the negating edge d
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 bursfs
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 DDMARDY- within{,grpyz after the host has negated DMACK-.
The host shall neither negate STOP.nor HSTROBE until at least fack after negating
DMACK-.

The host shall not assert DIOW-, .GS0-, CS1-, DA2, DA1 or DAO until at least ftaock ha
occurred and after negating DMAGCK.

P — ]

D OO0
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Both the host andithe device shall have a 16-bit CRC calculation function.

Both the host‘and 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 th
beginning.of an Ultra DMA burst before any data is transferred.

For each STROBE transition used for data transfer, both the host and the device shall
calcutate a new CRC value by applying the CRC polynomial to the current value of the|r
individual CRC functions and the word being transferred. CRC is not calculated for th
return of STROBE to the asserted state after the Ultra DMA burst termination request ha

beenacknowledged:
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
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(bit 7 and bit 2 in the Error register) to one. ICRC is defined as the interface CRC error bit.
The host shall respond to this error by re-issuing the command.

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.

Qo Z

(o]

10) A host may send extra data words on the last Ulotra DMA burst of a data out command. If

11) The CRC generator polynomial is: G(X) = X16 + X12 + X5.+ 1. Table 49 describes the
d

OTE 1 Since no bit clock is available, the recommended approach for calculating CRC is to use a word clod
erived from the bus strobe. The combinational logic is then equivalent to shifting sixteen bits serially through th
enerator polynomial where DDO is shifted in first and DD15 is shifted in last.

NOTE 2 If excessive CRC errors are encountered whileioperating in an Ultra mode, the host should select
slower Ultra mode. CAUTION: CRC errors are detected and reported only while operating in an Ultra mode.

For any PACKET command except a REQUEST SENSE command: If a CRC error ils
detected, the device shall complete the command with CHK set to one. The device(sha|l
report a Sense key of 04h (HARDWARE ERROR). The sense data supplied)\wvia p
subsequent REQUEST SENSE command shall report an ASC/ASCQ value of), 08h/03h
(LOGICAL UNIT COMMUNICATION CRC ERROR). Host drivers should retry the’Commangd
that resulted in a HARDWARE ERROR.

=]

device determines that all data has been transferred for a command,ithe device sha
terminate the burst. A devide may have already received more ,data words that wer
required for the command. These extra words are used by both thé host and the devive f{
calculate the CRC, but, on an Ultr DMA data-out burst, the extra words shall be discarde
by the device.

OO O

equations for 16-bit parallel generation of the resulting polynomial (based on a wor
boundary).

D x

[

DD(15:0) CRCIN (15:0:) CRCOUT (15:0)
> ——
Comt)ma_ltlonal Edge
> ogic Triggered
Register
f1-f16 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 8 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 CRCOUTS5 XOR f7
f4 = DD3 XOR CRCOUT12 f12 = DD11 XOR CRCOUT4XOR f1 XOR f8
f5 = DD4 XOR CRCOUT11 XOR f1 f13 = DD12 XOR CRCOWNT3/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 CRCOUT1 XOR f4 XOR f11
f8 = DD7 XOR CRCOUT8 XOR f4 f16 = DD15 XOR'CRCOUTO XOR f5 XOR 12

Key

f = feedback

DD = Data to or from the bus

CRCOUT = 16-bit edge triggered result (current CRC)

CRCOUT(15:0) are sent on matching order bits af\DD(15:0)

CRCIN = Output of combinatorial logic (next'\CRC)

12 Parallel interface timing

12.1 Deskewing

Hor PIO and Multiword DMA modes all timing values shall be measured at the connector of the
lected device. The host shall account for cable skew.

or Ultra DMA jmgodes unless otherwise specified, timing parameters shall be measured at the
nnector of thevhost 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.

- to -
ADDR valid ~rrrr— ——
(See a) AXXXK
— f, e b o ty —>|
o t2i
DIOR-/DIOW= \ /"
WRITE .
DD(7:0) { )
(See b)
t3 ——] t4
READ
DD(7:0) 4 P e
(See b)
~—— [ — ts '<—
~— [,
IORDY
(See c, item a) — {0 -
IORDY
(See c, item b) - f{c
—] tRD |—
IORDY XXX XXX XXXXX
(See c, item ¢) ~— f, —{lc
DMACK- shall remainr‘hegated during a register transfer.
a Device address consists of signals CS0-, CS1-, and DA(2:0)
b Data consists of DD(7:0).
C The ‘hegation 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 DIOR- 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 TORDY before 15, but causes TORDY 1o be asserted before 1,. [ORDY 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
Cycle time min. 600 383 330 180 120 ade
Address valid to DIOR-/DIOW- setup min. 70 50 30 30 25
DIOR-/DIOW- pulse width 8-bit min. 290 290 290 80 70 a
DIOR-/DIOW- recovery time min. - - - 70 25 a
DIOW- data setup min. 60 45 30 30 20
DIOW- data hold min. 30 20 15 10 10
DIOR- data setup min. 50 35 20 20 20
DIOR- data hold min. 5 5 5 5 5
tsz || DIOR- data tristate max. 30 30 30 30 30 b
DIOR-/DIOW- to address valid hold min. 20 15 10 10 10
trp || Read Data Valid to IORDY active min. 0 0 0 0 0
(if IORDY initially low after tp)
IORDY Setup time 35 35 35 35 35 ¢
IORDY Pulse Width max. 1250 11250 1250 1250 1250
IORDY assertion to release max. 5 5 5 5 5

~
)

is the minimum total cycle time, t5 is the minimum DIOR-/DIQW- assertion time and ty; is the minimum DIOR-/D
pgation time. A host implementation shall lengthen t, and/Orty; to ensure that tg is equal to or greater than the
¢ported in the devices IDENTIFY DEVICE data. A device\implementation shall support any legal host implementat

=]

his parameter specifies the time from the negation €dge of DIOR- to the time that the data bus is released b
Bvice.

he delay from the activation of DIOR- or DIOW=until the state of IORDY is first sampled. If IORDY is inactive the
bst shall wait until IORDY is active before the-register transfer cycle is completed. If the device is not driving 1Q
egated at the {5 after the activation of DIOR- or DIOW-, then t5 shall be met and trp is not applicable. If the deV|
iving IORDY negated at the time tp ‘after the activation of DIOR- or DIOW-, then tgrp shall be met and 5 i
bplicable.

TA/ATAPI standards prior to AFA/ATAPI-5 inadvertently specified an incorrect value for mode 2 time tg by utilizin
b-bit P10 value.

> oS TH Q-

=Z

ode shall be selected nohigher than the highest mode supported by the slowest device.

OW-
value
on.

y the

n the
RDY
ceis
5 not

g the

12.2.3 PIO data-transfers

b e |

eripherals/reporting support for PIO mode 3 or 4 shall power-up in a PIO mode 0, 1 or 2.

n

igure 66-defines the relationships between the interface signals for PIO data transferg.

or-P1O modes 3 and above, the minimum
E EMICE nnrnmr\l-nr S h

68 in the IDENTIF

nwaord 89

v o potrartote Vv OoTT—O0OT

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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Y

fo

A

ADDR valid
— f t o ty —>|

DIOR-/DIOW- '\

WRITE
DD(15:0)

"\

DD(7:0)
(See b)

READ
DD(7:0)

(See b)

D
t3 ] t4 L‘
XXX

IORDY
(See c, item a)

IORDY
(See c, item b)

— tC
] tRD [——

IORDY
(See ¢, item c)

DMACK- shall remain negated during.a’register transfer.

a Device address consists of signals CS0-, CS1-, and DA(2:0)

b 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 DIOR-or DIOW-. The assertion and negation of IORDY are described in the
following threg 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. 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 asserjed,
the device shall place read data on DD(7:0) for tzp before asserting IORDY.

XXX XXX XX XXX

Figure 66 — PIO data transfer to/from device
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Table 51 — PIO data transfer to/from device

PIO timing parameters Mode 0 Mode 1 Mode 2 Mode 3 Mode 4 :gtoets
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
2i DIOR-/DIOW- recovery time min. - - - 70 25 a
(3 DIOW- data setup min. 60 45 30 30 20
{4, DIOW- data hold min. 30 20 15 10 10
{5 DIOR- data setup min. 50 35 20 20 20
(s DIOR- data hold min. 5 5 5 5 5
sz | DIOR- data tristate max. 30 30 30 30 30 b
fo DIOR-/DIOW- to address valid hold min. 20 15 10 10 10
tkp | Read Data Valid to IORDY active min. 0 0 0 0 0
(if IORDY initially low after ta)
fn | IORDY Setup time 35 35 35 35 35 ¢
(s IORDY Pulse Width max. 1250 1250 1250 1250 1250
fc IORDY assertion to release max. 5 5 5 5 5

al tg is the minimum total cycle time, t5 is the minimum DIOR=/DIOW- assertion time and ty; is the minimum DIOR-/DIOW-
negation time. A host implementation shall lengthen t, dnd/or ty; to ensure that ty is equal to or greater than the value
reported in the devices IDENTIFY DEVICE data. A device implementation shall support any legal host implemeptation.

bl This parameter specifies the time from the negation edge of DIOR- to the time that the data bus is releasdqd by the
device.

€l The delay from the activation of DIOR- or DI@W- until the state of IORDY is first sampled. If IORDY is inactivel then the
host shall wait until IORDY is active before-the PIO cycle is completed. If the device is not driving IORDY ng¢gated at
the ta after the activation of DIOR- or'DIOW-, then t5 shall be met and tgrp is not applicable. If the device [s driving
IORDY negated at the time {5 after thejactivation of DIOR- or DIOW-, then tgp shall be met and t5 is not applicgble.

dl Mode 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
cycles 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 Multiword DMA data transfer
12.2.4.1 General

Figure 67 through Figure 70 define the timing associated with Multiword DMA transfers.

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 rotes to
table
to Cycle time min. 480 150 120 a
o 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
ty DIOW- data hold min. 20 15 10
t DMACK to DIOR-/DIOW- setup min. 0 0 0
ty DIOR-/DIOW- to DMACK hold min. 20 5 5
KR DIOR- negated pulse width min: 50 50 25 a
kw | DIOW- negated pulse width min. 215 50 25 a
LR | DIOR- to DMARQ delay max. 120 40 35
Lw | 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 datareleased max. 20 25 25
al tgis the minimum total cycle time, fp is the minimum DIOR-/DIOW- assertion time and tx (tkr or tkyw. as appfopriate)
is the minimum DIOR-(DIOW- negation time. A host shall lengthen {p and/or tk to ensure that {; is equal to the value
reported in the devices IDENTIFY DEVICE data.
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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. — XOOXXXXXXX XXX
DD(15:0) = f  |-—
H

a The host shall not assert DMACK- or¢gnegate both CS0O and CS1 until the assertion of
DMARQ is detected. The maximum time from the assertion of DMARQ to the assertion of
DMACK- or the negation of both CS0’'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-
- t -
DMARQ
DMACK-
< 1 — . [
y— - M\
DIOR-/DIOW-
—1 tE g — tE -
Read XXX XXXXX XXXXXXXX XXXX
DD(15:0)
- | | - [ — [ [|-—
Write. XX XXXXXX XX XXX XXX XXX
DD(15:0) o] e ~ o= b [~

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- XXKXXXKX
—_ N |-—
ty -
DMARQ
(See a) 1
DMACK-
<——tK —_—- fo N [ —
DIOR-/DIOW- /
— tE | —— = tz =
Read XX XXX XX XXX XXXXXX XXX)(‘“"
DD(15:0)
[~ [ tr ——
Write
DD(15:0) XXX XXXKXXKKX XXXX
[~ { ty -

a  To terminate the data burst, the Device shall-hegate DMARQ within f_ of the assertion of the curr
DIOR- or DIOW- pulse. The last data weord for the burst shall then be transferred by the negation
the current DIOR- or DIOW- pulse. If alldata for the command has not been transferred, the devi
shall reassert DMARQ again at any_later time to resume the DMA operation, as shown in Figure

Figure 69 — Device terminating a Multiword DMA data burst
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12.2.4.5 Host 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

DMARQ A\XXXX-

(See b)

DMACK-

(See a) - [ ———————— [y — t L

DIOR-/DIOW- /— \ ) —— Y

— [ |- - [
Read — XX XXX XX XX XXX XXX XXX XXV)ZI‘“"
DD(15:0)

- (o] [ [—

write XXX XXXXXXXXX XXX X
DD(15:0)

] |

a To terminate the transmission of a data burst, the host shall negate DMACK- within £, after a DIOR-
or DIOW- pulse. No further DIOR- or DIOW- pulses shall be asserted for this burst.
b If the device is able to continue the.transfer of data, the device may leave DMARQ asserted and jwait
for the host to reassert DMACK:.6r'may negate DMARQ at any time after detecting that DMACK-
has been negated.

Figure 70 — Host terminating a multiword DMA data burst

12.2.5 Ultra)DMA data transfer
12.2.5.1 General

Higufe 71 through Figure 80 define the timings associated with all phases of Ultra DMA bursts)

Tabte—53contains—the vatues for the—timings for eachof theUttra DMAModes—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
tpvg 70.0 48.0 31.0 20.0 6.7 4.8 4.0 Sende
tpvH 6.2 6.2 6.2 6.2 6.2 4.8 4.0 Sende
tcs 15.0 10.0 7.0 7.0 5.0 5.0 5.0 Devicg
tcH 5.0 5.0 5.0 5.0 5.0 5.0 5.0 Devicg
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 Devicg
tpzrk 70.0 48.0 31.0 20.0 6.7 25 17.5 Sende
trs 230 200 170 130 120 90 80 Devicg
) 0 150 0 150 0 150 0 100 0 100 0 75 0 60 (See P
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 (See ©
tzAH 20 20 20 20 20 20 20 Host
tzAD 0 0 0 0 0 0 0 Devicg
tENV 20 70 20 70 20 70 20 55 20 55 20 50 20 50 Host
tRFS 75 70 60 60 60 50 50 Sende
trRp 160 125 100 100 100 85 85 Recipiept
tIORDPYZ 20 20 20 20 20 20 20 Devicg
tziokDY 0 0 0 0 0 0 0 Devicg
taCK 20 20 20 20 20 20 20 Host
tss 50 50 50 50 50 50 50 Sende
All timing meastrement switching points (low to high and high to low) shall be taken at 1.5 V.
All fignal transitions for a timing parameter shall be measured at the connector specified in the measurement location
colupnn. Eor’example, in the case of {grpg, both STROBE and DMARDY- transitions are measured at the sender conneftor.
a The.parameter fcvc 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

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 ©)

tH Data hold time at recipient (from STROBE edge until data may become invalid) (see b and )

tgvs Data valid setup time at sender (from data valid until strobe edge) (see ©)

tgvH Data valid hold time at sender (from STROBE edge until data may become invalid) (see ©)

tds CRC word setup time at device (see b)

tdn CRC word hold time device (see P)

tdvs CRC word valid setup time at host (from CRC valid until DMACK- negation) (seg~C)

tdvH CRC word valid hold time at sender (from DMACK- negation until CRC maybecome invalid) (see ©)

tAFs Time from STROBE output released-to-driving until the first transition of ‘critical timing

tdzrs Time from data output released-to-driving until the first transition of¢critical timing

tHs First STROBE time (for device to first negate DSTROBE from STOP during a data in burst)

| Limited interlock time (see 2)

tNILI Interlock time with minimum (see 2)

tu Unlimited interlock time (see 2)

A7 Maximum time allowed for output drivers to release (from asserted or negated)

tAaH Minimum delay time required for output

tAaD Drivers to assert or negate (from released)

tdny Envelope time (from DMACK- to STOP and HDMARDY - during data in burst initiation and from DMACKH

to STOP during data out burst initfation)

tHEs Ready-to-final-STROBE time\(no STROBE edges shall be sent this long after negation of DMARDY-)

tHp Ready-to-pause time (thatwrecipient shall wait to pause after negating DMARDY-)

tibrpyz | Maximum time beforeureleasing IORDY

t4orpy | Minimum time before driving IORDY (see 9)

tAck Setup and_hqld/times for DMACK- (before assertion or negation)

tds Time from)STROBE edge to negation of DMARQ or assertion of STOP (when sender terminates a burst

al The parameters fy, tpmy) (in Figure 74 and Figure 75) and f| indicate sender-to-recipient or recipient-to-sendger
interlocks, \ite., one agent (either sender or recipient) is waiting for the other agent to respond with a signpl
before-proceeding. ty; is an unlimited interlock that has no maximum time value. fyy | is a limited time-out that
has ‘a»defined minimum. #| | is a limited time-out that has a defined maximum.

b| @0-conductor cabling (see 7.3) shall be required in order to meet setup (ips, tcs) and hold (tpy, tcH) times fn

reodes—greaterthan—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

tpsic Recipient IC data setup time (from data valid until STROBE edge) (see @)

tbHIC Recipient IC data hold time (from STROBE edge until data may become invalid) (see@)

tovsic | Sender IC data valid setup time (from data valid until STROBE edge) (see b)

tovHic | Sender IC data valid hold time (from STROBE edge until data may become iivalid) (see b)

All timing measurement switching points (low to high and high to low) shall be taken.at 1.5 V.

a8 The correct data value shall be captured by the recipient given input data-with a slew rate of 0.4 V/ns
rising and falling and the input STROBE with a slew rate of 0.4 V/ns rising and falling at fpg|c and
tpHic timing (as measured through 1.5 V).

b The parameters tpyg|c and tpyHic shall be met for lumped capacitive 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)
< ] >
fack je—>e— feny — Fe
—p T
STOP 0
(host) M
tack — feny — frs ”
OMAROY TS|
(host)
[ tZAD
tziorDy [¢—>le trrs >
DSTROBE
(device) < tozrs >
tAZ < > tDVS < e > tDVH
DD(15:0) 5o e 02020 4 S
fack |e—>

DAO, DA1, DA2,
cso-, cst- XN

a See 11.12.1 Initiating an Ultra DMA data-in burst.

b The definitions for the D{OW-:STOP, DIOR-:HDMARDY-:HSTROBE and
IORDY:DDMARDY-:DSTROBE signal lines are not in effect until DMARQ and
DMACK are asserted.

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.

“ beve >
—  fove >l fcve ——>
“ beve
DSTROBE
at device
tovH tovH tovn
fovhic tovs | IovHIG tovs | fovhic
fovsic fovsic
DD(15:0) <
ot device XXX XXX XXX
DSTROBE
at host \‘ /
fon oS |eple—s| IDH oS |eple—s| IDH
fonic fbsic fonHic fosic foHic

PD(15:0) PR XXKXK
at host

X

a See 11.12.2, The data in transfer.
b DD(15:0) and DSTROBE signals are shown at both the host and the device to emphasize|that
cable settling time as well as cable propagation delay shall not allow the data signals t¢ 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)

< (Rp >

STOP
(host)

HDMARDY-
(host) NG

— tRFS EE—

DSTROBE

(device) >< >< ad
DD(15:0)
(device) XX XX XX XX HKHXHXXX XX

a See 11.12.3.2 Host pausing an Ultra DMA data in burst.
b The host may assert STOP to request termination.of the Ultra DMA burst no sooner than

trp after HDMARDY- is negated.
c After negating HDMARDY-, the host may receive zero, one, two or three more data words
from the device.

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)
=ty —
DMACK- N\
(host) N
> f > L, — < lack —
STOP %
(host) A XXX
Y t, > — fack S
HDMARDY- /W
(host)
fss —» tiorpyz
DSTROBE|—mMmmF+————————————————————— 55— +— - == - - - === - ===~
(device)
— fzan —
< > tAZ tCVS —D—> tCVH
DD(15:0) CRC
[— tACK —
DAO, DA1, DA2,
CSo0-, CS1- //W
a 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 effect
after DMARQ and DMACK are’ negated.
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
BDMACK= <
(host) — lfzan —] ™
[— tRP —_— tAZ < > [— tACK —
STOP % AN
(host) / \XX_
“ tAck —>
HDMARDY- — W
(host) N
— lrrs “ . ——=
b tiorpyz
DSTROBE N -\» ---------------
(device) LN
tevs [e—>e— fovn
DD(15:0) ~ S X X CRC S¥éios
[— tACK —
DAO, DA1, DA2,
CS0-, CS1- yy
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 effect
after DMARQ and DMACEK are negated.
Figure 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-

nnnnnnn

tENV

A
A 4
A

fack |«

tzi0rDY f fu —|
DDMARDY-
(device) m=mmmmmm-m------- ==
tack [—>
HSTROBE V4
(host) M —— Mpzrs —>
< fovs > »  lov
DD(150) , N TN N, )( N N N 7 )<><><><><
(hOSt) 4 AV AVEAVAVAVAVAVAVAVAVAY,
fack |« >
DAO, DA1, DA2,
CS0-, 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 until
DMARQ and DMACK areiasserted.

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.

< tcve >
[— tCYC —_— tCYC E—
« tacve >
HSTBOI?E — L —
alt 11051 A\ /
tovn tovH tovH
lovhic ftovs | fovkic fovs | tovhic
D tovsic " tovsic "
DD(15:0) <
at host XXX XXX XXX
HSTROBE —
at device /
tDH tDS PRVER tDH tDS R tDH
fomic fosic [ | foHic fosic [ | foHic
oon PR XX XXX X
at device
a See 11.13.2 The data out transfer.
b DD(15:0) and HSTROBE signals are shown_ at both the device and the host to emphasize that ¢able
settling time as well as cable propagationrdelay shall not allow the data signals to be considered
stable at the device until some time afterthey are driven by the host.

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)

STOP
(host)

DDMARDY- N
(device) N

HSTROBE

(host) >< >< ::"::

I T XX XX XK XXXXXXX

a See 11.13.3.2 Device pausing an Ultra DMA data-out burst.

b The device may negate DMARQ to request tefmination of the Ultra DMA burst no sooner than
trp after DDMARDY- is negated.

c After negating DDMARDY-, the device may receive zero, one, two or three more data words
from the host.

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
— fyu —*
DMACK- \
(host) N\

t < t|_| > - tACK "‘
— (35 —P>

STOP v
(hosty ———]

— 1 tiskoyz
DDMARDY-
(device) | 0 @ 0N N

HSTROBE
(host) 3( // M
tevs [e—>ie—> fovn
DD(15:0) , S—
(host) CRC % AVAVAWAN
“— fack
DAO, DA1, DA2,
CSo0-, CS1-

a See 11.13.4.1 Host terminating an Ultra DMA data out burst.

after DMARQ and-DMACK are negated.

b The definitions forthe STOP, DDMARDY and HSTROBE signal lines are no longer in effect

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.

DMARQ
(device)

DMACK-
(host)

A 4

— 1, —>le twui «— fack
STOP /\/ _’IM

(host)
) e g tiorovz
DDMARDY- —
(device) @ @|Ym—m—m— — b — -
— frps —
— fy tuL > Irck —"
HSTROBE <17
(host) A \{\X
fovs |e pe— foyn

DD(15:0) I
(host) XXXX XK KKK KK KKK CRE -5

*— fack —*

DAO, DA1, DA2,
CS0-, CS1- / X

a See 11.13.4.2 Device pausing an Ultra DMA data out burst.
b The definitions for the STOP, DDMARDY and HSTROBE signal lines are no longer in effect
after DMARQ and DMACK are negated.

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

[ds)

ee ISO/IEC 24739-3:2010.

15 Serial interface link layer

[ds)

ee ISO/IEC 24739-3:2010.

16 Serial interface transport layer

[ds)

ee ISO/IEC 24739-3:2010.

17 Serial interface device command layer

[ds)

ee ISO/IEC 24739-3:2010.

18 Host command layer

[ds)

ee ISO/IEC 24739-3:2010.

19 Serial interface host adapter register interface

[ds)

ee ISO/IEC 24739-3:2010.

40 Serial interfaceerror handling

[ds)

ee 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.

(Pee ISO/IEC 24739-1:2009)
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Annex C
(informative)

Device determination of cable type

C.1  Overview

o=

= TJO — =t

c < SO o0 S =

O

o=

determine the cable type, then a 0.047 uF capacitor shall be installed from CBLID- to ground §

his standard requires that, for systems using a cable assembly, an 80-conductor cable
ssembly shall be installed before a system may operate with Ultra DMA modes greater than 2.
owever, some hosts have not implemented circuitry to determine the installed cable' type by
etecting whether PDIAG-:CBLID- is connected to ground as mandated by this standard. The
bllowing describes an alternate method for using IDENTIFY DEVICE or IDENFIFY PACKET
EVICE data from the device to determine the cable type. It is not recommended that a hogt
se the method described in this annex.

a host uses IDENTIFY DEVICE or IDENTIFY PACKET DEVICE dafa from the device t

—~ O

ne host connector. The tolerance on this capacitor is 20 %.‘op less. After receiving a
DENTIFY DEVICE or IDENTIFY PACKET DEVICE command the device detects the presenc
r absence of the capacitor by asserting PDIAG-:CBLID- to diseharge the capacitor, releasin
DIAG- and sampling PDIAG-:CBLID- before the installed capacitor could recharge through th
0 kQ pull-up resistor(s) on PDIAG-:CBLID- at the device(s).

the host system has a capacitor on PDIAG-:CBLID-"and a 40-conductor cable is installed, th
se time of the signal will be slow enough that the device will sample PDIAG-:CBLID- while th
ignal is still below V| . Otherwise, if PDIAG-:CBLID- is not connected from the host connectd
b the devices in an 80-conductor cable assembly, the device will detect that the signal i
ulled above V4 through the resistor(s) on-the device(s). The capacitor test results will then b
bported to the host in the IDENTIFY BEVICE or IDENTIFY PACKET DEVICE data. The hos
ill use the data to determine the maximum transfer rate of which the system is capable an
se this information when setting the-transfer rate using the SET FEATURES command.

D D

O~ O 0 S

}.2  Sequence for deyvice detection of installed capacitor

he following is the (sequence for a host using IDENTIFY DEVICE or IDENTIFY PACKE[
EVICE data from.the device to determine the cable type:

) the host issues an IDENTIFY DEVICE or IDENTIFY PACKET DEVICE command (accordin
to devicetype) first to Device 1 and then to Device 0 after every power-on or hardwar
reset sequence (the command is issued to Device 1 first to ensure that Device 1 release
PDIAG*.CBLID- before Device 0 is selected. Device 0 will be unable to distinguish
discharged capacitor if Device 1 is driving the line to its electrically low state. Issuing th
command to Device 1 forces it to release PDIAG-:CBLID-);

DO DO & P CQ

b) 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,;

c) the device releases PDIAG-:CBLID- and samples it between two and thirteen us after

release;

d) 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|.);

e) 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);

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.

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

ifstalled. Table C.2Z describes the resull of device based cable defeclion when a capaciior i
not installed.

S

Host

Host PCB

e

conductor

connector

PDIAG-:CBLID-

Device 0
connector

Ve

Device 1
connector

e

M

A
:
]

Device‘Q
PCB

]

Device 1
PCB

:

Figure C.1 — Example configuration of a system where the device
detectsa 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

80-conductor Yes 1 80-conductor Yes

40-conductor No 0 40-conductor Yes

80-conduetor No 0 40-conductor No (see 2)

a8 Uitra DMA modes greater than 2 will not be set even though the system supports them.

Table- G2 —Results-of device based-cable-detection
! . ction

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.
- u u Vi 1
Cable assembly Device 1 Electrical state of | Value reported in | Determined Determination
type Releases PDIAG- CBLID- at host ID data by device cable type correft?

40-conductor Yes 1 (0] 40 Yeq
80-conductor Yes 0 1 80 Yeg
40-conductor No 0 0 40 Yes (s¢e @)
80-conductor No 0 0 40 No (sefe @)

0 —

ways:

a2 The 0,0 result is independent of cable type and indicates that Device 1 is¢dncofrectly asserting PDIAG-. W
host determines this result, it shall not operate with Ultra DMA modes greatef than 2 and it may respond in peveral

2) 2 report that Device 1 is not allowing the cable type to beProperly detected;

3) 3 do not notify the user of any problem but detect the cable as a 40-conductor.

en the

1) 1 report that Device 1 is incompatible with Ultra DMA modes higher than 2 and should be used on a different
port in order to use those modes on the port being detected;

able C.4 illustrates intermediate results for-‘all combinations of cable, device and host, fqr
osts that support Ultra DMA modes greaterthan 2.

Table C.4 — Results for all combinations of device and host cable detection methods

Design options Intermediate actions and results Reﬂults
80-don- Device Host Host uses Host Device Capa- ID word Host Host may
dugtor supports senses ID data, capacitor tests citor 93 bit 13 | checks ID spt

cable UDMA PDIAG<: capacitor | connected for detec- value word 93 UDMA
. modes CBELID- installed to device capa- ted bit 13 mode >2
installed 52 citor
Nlo No Yes No No No No 0 No No
Nl Yes Yes No No Yes No 1 No No
Yé¢s No Yes No No No No 0 No No
Ygs Yes Yes No No Yes No 1 No Yes
No No No Yes Yes No No 0 Yes No
[9) 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

his annex is intended as an aid to the implementation of Ultra DMA in host systems, AT
ntrollers and peripherals. Clarifications of some aspects of the protocol and detaits—ng
pecifically stated in the normative clauses of this standard have been included for thé |benef
f component, PCB and device driver engineers. This annex is not intended” to b
mprehensive but rather informative on subjects that have caused design questions. Include
re warnings about proper interpretation of protocol where interpretation errors”seem possiblg.
he information provided is relevant to implementation of all Ultra DMA modes’0 through 6, als
ell as earlier protocols.

O 0D —~ ~

his annex uses the term data-out to indicate a transfer from the hest\to a device and data-ip
indicate a transfer from the device to the host.

he ATA bus is a storage interface originally designed fordhe ISA Bus of the IBM PC/AT™.
ith the advent of faster host systems and devices, the "definition of the bus has bee
xpanded to include new operating modes. Each of the{PIO modes, numbered zero throug
four, is faster than the one before (higher numbers-iranslate to faster transfer rates). PI
odes 0, 1 and 2 correspond to transfer rates for_the interface as was originally defined wit
aximum transfer rates of (3.3, 5.2 and 8.3)(MB/s, respectively. PIO mode 3 defines

aximum transfer rate of 11.1 MB/s and PIO_mode 4 defines a maximum rate of 16.7 MB/s.
dditionally, Multiword DMA and Ultra DMA modes have been defined. Multiword DMA mode (
1 and 2 have maximum transfer rates of-(4.2, 13.3 and 16.7) MB/s, respectively. Ultra DM
odes 0, 1, 2, 3, 4 and 5 have maximum)transfer rates of (16.7, 25, 33.3, 44.4, 66.7, 100 an
133) MB/s, respectively.

O o U35 35

[© NS>

Itra DMA features such as increased frequencies, double-edge clocking and non-interlocke
ignalling require improved_Signal integrity on the bus relative to that required by PIO an
ultiword DMA modes. ForUltra DMA modes 0, 1 and 2 this is achieved by the use of partiz
ries termination and controlled slew rates. For modes 3 and above an 80-conductor cabl
ssembly is required(in -addition to partial series termination and controlled slew rates. Thi
able assembly has~Hground lines between all signal lines on the bus in order to contrg
pedance and reduce crosstalk, eliminating many of the signal integrity problems inherent t
the 40-conductor cable assembly. However, many of the design considerations an
easurement<{techniques required for the 80-conductor cable assembly are different fron
those used\for the 40-conductor assembly. Hosts and devices capable of Ultra DMA mode
reater<than 2 should be designed to meet all requirements for operation with both cable types.
nless/otherwise stated, 40- and 80-conductor cables are assumed to be 46 cm (18 in) long
theemaximum allowed by this standard. Timing and signal integrity issues, as discussed, appl

t FS ] 4l Kl
U itito IUIIULII vavic.

— O O

W D> OO0 =Z=o» O

<

D.2 Issues

D.2.1 General

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. tp
ringing on the STROBE signal and delay-limited interlock timings on the bus, non-interlackefd
signalling makes settling time and skew between different signals on the bus critical for,propg
Yltra DMA operation.

Py

0.2.2.2 Cabling

Tlhe 80-conductor cable assembly adds 40 ground lines to the cable between the 40 signa
lines defined for the 40-conductor cable assembly. These added ground-\lines are connectef
imside each connector on the cable assembly to the seven ground_pins defined for the 4(-
nductor cable assembly. These additional ground lines allow theJreturn current for each
ignal line to follow a closer path to the outgoing current than was’/allowed by the grounding
cheme in the 40-conductor cable assembly. This results in alower impedance and greatly
reduced crosstalk for signals on the data bus. The controlled/impedance and reduced crosstalE

f the 80-conductor cable assembly results in much improved behavior of electrical signals o
the bus and reduces the data settling time to effectively zero regardless of switchin
nditions. Thus, the signal at the recipient is monotonic, such that the first crossing of th
imput threshold is considered final. Reducing the time allowed for data settling time (DST) from
reater than 25 ns in Ultra DMA mode 2, to 0 nscwith the 80-conductor cable assembly allows
ominal cycle time to be reduced from 60 ns for mode 2, to 15 ns for mode 6.

.2.2.3 Skew

kew is the difference in total propagation delay between two signals as they transit the bug.
ropagation delay is the amount-efitime required for a single input signal at one part of th
stem to cause a disturbance\to be observed at another part of the system in a syster
ntaining continuously distributed capacitance and inductance. Propagation delay is
etermined by the velocitysof\light within the dielectric materials containing the electric fields ip
the system. For systems with uniform properties along their length, propagation delay is oftep
pecified as seconds per-foot or seconds per meter.

= O

kew will be posifive or negative depending on which signal is chosen as the reference. Al
kews in the Jltra DMA timing derivations are defined as STROBE delay minus data delay.
ositive skew.is a STROBE that is delayed more than the data.

P

[®N

kew carresponds to the reduction in setup and hold times that occurs between the sender an
the-recipient. If the bus contributes skew that exceeds the difference between the setup tim
roduced by the sender and that required by the recipient, data will be stored incorrectly. Th
same is true for hold time. Skew between signals is caused by differences in the electrical
characteristics of the paths followed by each signal.

O

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
—VW\V—< ) E
R _rec
1 MQ
V_source
1

Figure D.1 — A transmission line with perfect source termination

n a source-terminated transmission line, the initial voltage level produced at the sourc
ropagates through the system until it reaches the receiving end that, by definition, is an ope
ircuit or at least has high impedance relative to the ,characteristic impedance of th
ansmission line. This open circuit produces a reflection~of the original step with the sam
olarity and amplitude as the original step but travelling i’ the opposite direction. The reflecte
ep adds to the first step to raise the voltage throughout the system to two times the origing
ep voltage. In a perfectly terminated system (see ‘Figure D.1), R_source matches the cabl
pedance resulting in an initial step voltage on_thé transmission line equal to fifty percent g
_source and the entire system has reached a‘steady state at V_source once the reflectio
eturns to the source.

T -0 T O

=0 g

=<

—

he waveforms that are measured on thé bus as a result of this behavior depend on the ratio g
ne signal rise time to the propagation_delay of the system. If the rise time is shorter than th
ne-way propagation delay, the initialvoltage step will be visible at the sender. At the recipier
he incoming voltage step is instantaneously doubled as it reflects back to the sender and n
ep is observed (see Figure D.2).

g;—hof—h

8v

a2 / \ ) [

V\ transmitter —

O —~ D =

o ST\

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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f 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

nstead of a step seen at the sender while the rising edge of the reflection adds to the edge still

being generated by the sender (see Figure D.3).

—_ — —+ —h

nw O S

6v

. % \
/

transmitter

receiver —

1v
0 ns 20 ns 40 ns 60 ns 80 ns
time

Figure D.3 — Waveforms on a source-terminated bus with rise time greater than Ty,

n Figure D.2 and Figure D.3, the source impedance is perfectly matched to the cabl
mpedance with the result that, after, the first reflection returns to the source, there are n
irther reflections and the system(is at a steady state. In a system that is not perfectl
brminated, there are two possibilities. The first possibility is when the source impedance i
TSS than the characteristic impedance of the transmission line, the initial step is greater tha
fty percent of Vo and the.system is at a voltage higher than Vo4 when the first reflectio
eturns to the recipient (seeFigure D.4). In this case another reflection occurs at the source
bduce the system to a voeltage below V,y but closer to Vo4 than the initial peak. Reflection
ontinue but are further'reduced in amplitude each time they reflect from the termination at th
ource.

D OO O O 3 < O
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time

Figure D.4 — Waveforms on a source-terminated bus with R’_source less than cable Z,

Tlhe second possibility is when the source impedance is higher than the characteristi
impedance, the initial step is less than fifty percent of:\V,4, and multiple reflections back an
fprth on the bus will be required to bring the whole 'system up to a steady state at V,y (se
Higure D.5).

O OO

5v
N transmitter
\ receiver ——
Ov
Ons 20Ts 40Ts 60TS 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 ep produced by a driver w often 0 he recipient’s inp hreshold on a rising

istance a device is from the device end of the cable (i.e., closer to the host), theylonger the
duration of the step observed (see Figure D.6 and Figure D.7).

(i [\

=

-20 ns 30 ns 80 ns
#Avg 16 10.00 ns/div repetitive

Figure D.6 — Typical'step voltage seen in ATA systems using an 80-conductor cable
(measured at drive and host connectors during read)
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AN~
-20 ns 30 ns 80 ns
# Avg 16 10.0 ns/div repetitive

Figure D.7 — Typical step voltage seen in ATA systems using_an 80-conductor cable
(measured at host and drive connectors during write)

N addition to the step produced by the initial voltage driven’ onto the bus and the subsequer
eflection, smaller steps are produced each time the propagating signal encounters a change i
ne bus impedance. The major impedance changes that'occur in a system are

—_, -

1) at the connections between the cable and the\printed circuit boards (PCBs) of the hosts an
devices,

N

) along the traces of the PCBs as the result-of changing layers and

Q)

) at the connection between a motherboard and a backplane.

he transmission line behavior of-thé 80-conductor cable assembly adds skew to the receive
ignal in two ways. First, impedance differences along one line versus another will result i
ifferent amounts of delay and ‘attenuation on each line due to reflections on the bus. Thi
roduces a time difference),*between the two signals’ threshold crossings at the recipien
econdly, signals received at the device that is not at the end of the cable may cross th
hreshold during the (injtial voltage step or after the reflection from the end of the cable i
eceived, depending-on the supply voltage, series termination, output impedance, V,4q and PC
ace characteristics' of the host.

oS (T O »w -

Hactors othér~than cable characteristics also contribute to skew. Differences in the capacitiv|
Ipading between the STROBE and DATA lines on devices attached to the bus will dela
propagating signals by differing amounts. Differences in slew rate or output impedanc
o

j Ry

O3 N7, O NI ) Rl N O N

etween drivers when driving the 82 Q load will result in skew being generated as the signal i
sent’at the sender. Differences between the input RC delays on STROBE and DATA lines wi

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 delay

S

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
O anlia 4 N = el 0 K\ DeNnALeen ALO alab=s ne L_£ A’ ~ld=ala 21aala 2Talla ~=Talalla
dr subtracting an allowance for PCB propagation delay depending on rising or falling edge
hecause characteristics of the PCB and termination will affect the step levels and skew:.tha
dccur at the component 1/Os. As a result of this, accurate measurements of skew inf signal
received at the host are made either at pins of the host IC or at points on the PCB tiraces a
dose to the IC pins as possible. Test pads, headers or unconnected vias in PCB“ayouts ma|
e designed allowing connection to DATA, STROBE and ground for this purpose\

<K O O ~ O Q

I{ is important to note that the timing specifications for Ultra DMA in the standard are based op
easuring signals at the interface connector.

).2.2.6 Simulations for the 80-conductor cable assembly

he difficult nature of measuring skew in actual systems makes’ simulations a more importar
tpol in determining the effect on skew of design decisions‘regarding component I/Os, PC
layout, cable lengths and other aspects of system design. Because of the well-controlle
pedance of the 80-conductor cable assembly, singlenline transmission line models provid
dccurate predictions of the delay through the bus based on a given design choice for a give
set of conditions on the bus. To be certain of the system-wide consequences of particulg
design choices, a large number of simulations encompassing many different combinations ¢
pjarameters were used to determine the timing-specifications for Ultra DMA mode 5. Results ¢
these simulations are also the basis of the_guidelines that follow.

P B (R © N U ¥ S

Qutput skew is measured at the conhector of the sender into capacitive loads to ground qof
15 pF and 40 pF. An alternate loading arrangement is to measure the signal produced at the
gnd of an 18-inch, 80-conductor'cable assembly into typical device and host loads of 20 pF gr
25 pF that are held uniformyacross STROBE and DATA lines. Skew is measured at the
grossing of the 1.5V threshold. All combinations of rising and falling edges on the signals
imvolved are used when skew is measured.

—h

Minimizing output .skew is the best assurance of reliable signalling across the full range ¢
gable loading and-recipient termination conditions that will occur in systems.

D.2.3 Crosstalk

D.2.3.4 General

Although the ground-signal-ground configuration of the 80-conductor cable assembly greatly
reduces coupling between wires on the cable, the host and deviceé 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 ns
2.0 ns/div realtime
Y2 800 mV X2 119 ns
Y1 1.5V X1 117 ns
deltaY -700 mV délta 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 whe
data could be clocked. This may result from a high level of reverse crosstalk detected at the
recipient as the reflected signal propagates from the recipient input back to the sender outpt

—

im the switching lines, see Figure D.9.

X1
Y1 Y2
N / N /|
\\ / —— \\ \/J/
\\,/ \/“/ /
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

Capacmve coupllng in its simplest form consists of a capaC|tor connecting together two

goint of coupling and has the same sign in both directions. Forward and backward drg define
relative to the direction that the aggressor signal was propagating. Forward means that the
gropagation is in the same direction as the aggressor signal. Backward means that'propagation
i$ in the opposite direction of the aggressor signal. Figure D.10 is a schematie of a model fqr
gapacitive coupling. Figure D.11 shows waveforms resulting from capacitiv€ coupling at th
sender and recipient component I/Os of the aggressor and victim lines.

)

T T2 Aggressor_rec

AQQressor_SIc  7o-100 TD=5ns  20=100Q TD=5s 100 &

100 Q 5
+ i
as i = =
_ - T —=
V_source 6.pf
L
T3 T4 -
Victim src _ \ _ _ Victim_rec
100 Z0=100 Q TP=5ns Z0=100Q TD=5ns 490

—

Figure D.10 — Model of capacitive coupling
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Figure D.11 — Waveforms resulting from capacitive coupling (at transmitter and receive
of aggressor and victim lines)

D.2.3.3 Inductive coupling

n the following, inductive coupling is modelled as an inductor in series with each signal, with
ome coupling factorK representing the extent to which the inductors’ magnetic fields overlap.
n effect, these-two inductors constitute a transformer, by creating a stepped-down version gf
he aggressor signal on the victim line. The amplitude of the signal produced on the victim lin
$ proportional to the rate of change in current (di/dt) on the aggressor line. Since th
pedance of a transmission line is resistive, for points in the middle of a transmission lin
i/dt will\be proportional to dV/dt. Because the crosstalk signal produced across the inductanc
im thie victim line is in series with the transmission line, it has a different sign at each end of th
inductor. Because the current in an inductor always opposes the magnetic field that produce
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.

— —y —
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Figure D.12 — Model of inductive coupling

ote that the box in Figure D.12, Figure D.14 and Figure D.18 between L1, L2 and K2 is
SPICE element representing the inductive coupling between L1 and L2 having the couplin
alue listed in the respective figures.
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Figure D.13 — Waveforms resulting from inductive coupling (at transmitter and receiver
of aggressor and victim lines)
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Mixed capacitive and inductive coupling

Most occurrences of electromagnetic coupling involve both capacitive and inductive coupling.
In this case the forward and reverse crosstalk contributions of the capacitance and inductance
add together. Because the forward inductive crosstalk and the forward capacitive crosstalk
have opposite signs, they tend to cancel, while the reverse crosstalk from both effects have the
same sign and add together. Depending on the ratio of inductive to capacitive coupling, the
forward crosstalk may sum to zero when both effects are added together. Figure D.14 is a
schematic of a model for mixed capacitive and inductive coupling Figure D.15 shows
waveforms resulting from mixed capacitive and inductive coupling at the sender and recipient

G
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L1 50 nH S |

Aggressorrec
100 Q

/\/\f—‘

MUTUAL COUPLING=1

T4
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D

Victim_rec
100 Q

omponent 1/Os of the aggressor and victim lines.
Aggressor_src T
100 © Z0=100 Q TD=5ns
MA—
7/
V_source B
c12
1 6pf ]
Victim_src _ T3 B
100 Q Z0=100 Q TD=5 ns
AMN—C) Sg —
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Figure D.14 — Model of capacitive and inductive coupling
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Figure D.15 — Waveforms resulting.from mixed capacitive and inductive coupling (at
transmitter and receiver of aggressor and victim lines)

™

.2.3.5 Crosstalk from distributed coupling

Vhen transmission lines _dre) placed parallel with and in close proximity to, each other, as is th
ase for PCB traces, wires in a ribbon cable, etc., the coupling that occurs is continuous alon
ne length of the transmission lines. To find the crosstalk waveforms at the source an
bcipient, divide the tfransmission lines into segments and treat each segment as an instance ¢
apacitive and ,inductive coupling. Each segment produces forward and reverse crosstalk a
ne aggressaryedge goes by. Sum the contributions from each of these segments, delayin
heir arrivaltatrthe ends according to the segment’s position along the transmission line. Thi
roceduré, shows that the forward crosstalk contributions all add together and arriv
}multaneously with the aggressor edge, while the reverse crosstalk is spread out along th

)

ko M= = o Wi = o W
o (o]

I¢ngth 'Of the transmission line and produces a long flat pulse travelling back toward the sourceg.

igure D.16 shows a schematic model for a transmission line with three coupled conductorg,
connecied as two signal wires and a ground return. The waveform at the source end of ihe
victim line in Figure D.17 shows that the reverse crosstalk pulse begins when the edge is
driven onto the aggressor line and continues to be observed at the source until one system
delay after the end of the edge is terminated at the recipient on the aggressor line. The
waveform at the victim recipient’'s component I/O shows that the forward crosstalk arrives
simultaneously with the edge on the aggressor line, or even slightly before, because the energy
in the crosstalk pulse has been subtracted from the edge on the aggressor, reducing its rise
time at the recipient.
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