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INFORMATION TECHNOLOGY -
AT ATTACHMENT WITH PACKET INTERFACE-7 -

Part 3: Serial transport protocols and physical interconnect
(ATA/ATAPI-7 V3)

FOREWORD

—~ N —

D)

nternatiopal Standard ISO/IEC 24739-3 was prepared by subcommittee 25: Interconnectio
f information technology equipment, of ISO/IEC joint technical committee 1: Informatio
bchnology.

ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission) form th
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate

the development of International Standards. Their preparation is entrusted to technical committees;@ny.1SO an
IEC member body interested in the subject dealt with may participate in this preparatory work. /Internation
governmental and non-governmental organizations liaising with ISO and IEC also participate in this‘preparation.

In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC
Draft International Standards adopted by the joint technical committee are circulated to national bodies for votin
Publication as an International Standard requires approval by at least 75 % of the natiohal'bodies casting a vote

The formal decisions or agreements of IEC and ISO on technical matters express;, as nearly as possible, &
international consensus of opinion on the relevant subjects since each technical-committee has representatio
from all interested IEC and ISO member bodies.

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

In order to promote international uniformity, IEC and ISO ntember bodies undertake to apply IEC, ISO an
ISO/IEC publications transparently to the maximum extent possible in their national and regional publication
Any divergence between any ISO/IEC publication and'the corresponding national or regional publicatio
should be clearly indicated in the latter.

ISO and IEC provide no marking procedure to-indicate their approval and cannot be rendered responsible fq
any equipment declared to be in conformity with an ISO/IEC publication.

All users should ensure that they have theTatest edition of this publication.

No liability shall attach to IEC or IS@.or its directors, employees, servants or agents including individual exper
and members of their technical, committees and IEC or ISO member bodies for any personal injury, proper
damage or other damage of any\hature whatsoever, whether direct or indirect, or for costs (including legal fee
and expenses arising out of(the publication of, use of, or reliance upon, this ISO/IEC publication or any other I1E(
ISO or ISO/IEC publications;

Attention is drawn to-the normative references cited in this publication. Use of the referenced publications
indispensable fop-the“Correct application of this publication.

Attention is_drawn to the possibility that some of the elements of this International Standard may be the subject
patent rights{,ISO and IEC shall not be held responsible for identifying any or all such patent rights.
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ISO/IEC 24739-3 is to be used in conjunction with ISO/IEC 24739-1 and ISO/IEC 24739-2.

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

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

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

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

ISO/IEC 24739-1 defines the register delivered commands used by devices implementing the
standard. ISO/IEC 24739-2 defines the connectors and cables for physical interconnection
between host and storage device, the electrical and logical characteristics of the
interconnecting signals, and the protocols for the transporting of commands, data, and status
ver the interface for the parallel interface. ISO/IEC 24739-3 defines the connectors anfd
ables for physical interconnection between host and storage device, the electrical and logical
haracteristics of the interconnecting signals, and the protocols for the transparfing qf

mmands, data, and status over the interface for the serial interface. Figure 1 shows the
relationship of these documents. For devices implementing the PACKET command featurp
t, additional command layer standards are listed in Table 1 and described in,Clause 2.

Register delivered command set Packet deliveréd command sets
Command layer Logical register set See Table 1
ISO/IEC 24739-1

SN

Transport, link Parallel Transport Protocols Serial Transport Protocols
and physical and Physical interconnect and Physical interconnect
layers ISO/IEC 24739-2 ISO/IEC 24739-3

Figure 1 — ATA-document relationships

Table 1 — PACKET delivered command sets

Standard

SCSI Primary:Commands (SPC)
SCSI Primary’Commands-2 (SPC-2)
SCSI(Phimary Commands-3 (SPC-3)
SESVBlock 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

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 3: Serial transport protocols and physical interconnect
(ATA/ATAPI-7 V3)

Scope
his part of ISO/IEC 24739 specifies the connectors and cables for physical interconnection
etween host and storage device, the electrical and logical characteristics.0f the
interconnecting signals, and the protocols for the transporting of commands, data)and status
ver the interface for the serial interface.
Normative references
he following referenced documents are indispensable for the application of this document.
or dated references, only the edition cited applies. For undated references, the latest edition
f the referenced document (including any amendments) applies.
he provisions of the referenced specifications other than“-ISO/IEC, IEC, ISO and ITU
ocuments, as identified in this Clause, are valid withinythe context of this Internationgl
tandard. The reference to a specification within this Interhational Standard does not give |t
ny further status within ISO/IEC. In particular, it does.not give the referenced specificatiop
the status of an International Standard.
IBO/IEC 14776-331, Information technology —.Small computer system interface (SCSI) |-
Rart 331: Stream Commands (SSC)1
IO 7779:1999, Acoustics — Measurement of airborne noise emitted by informatioh
technology and telecommunications equipment
ANSI INCITS 317-1998 (R2003) AT Attachment with Packet Interface Extension (ATA/
ATAPI-4)
3 Terms and definjtions, abbreviations and conventions
31 Terms and definitions
Hor the purposes-of this document, the following terms and definitions apply.
3.1.1
SCIl character
-bit value that is encoded using the ASCII character set
.12
measurement of airborne noise emitted by information technology and telecommunications

equipment
[ISO 7779:1999(E)]

3.1.3
ATA
AT attachment

physical, electrical, transport and command protocols for the internal attachment of storage

devices to host systems

1 See also ANSI INCITS 335-2000 (PACKET command feature set commands)
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3.14

ATA/ATAPI-4 device

device that complies with ANSI INCITS 317-1998, AT Attachment Interface with Packet
Interface Extensions-4

3.1.5
ATA/ATAPI-5 device
device that complies with ANSI INCITS 340-2000, the AT Attachment with Packet Interface-5

3.1.6
ATA/ATAPI-b device
device that complies with ANSI INCITS 361-2002, the AT Attachment with Packet Interface~6

.1.7
ATA/ATAPI-7 device
device that complies with the ISO/IEC 24739 series

¥.1.8

ATAPI device

AT attachment packet interface device

device implementing the packet command feature set

3.1.9

OTE An Allocation Unit may be accessed with one or more reguests.

1.1.10
audio-video

qudio-video applications use data that is related to video images and/or audio; th
distinguishing characteristic of this type of data is that accuracy is of lower priority than timely
transfer of the data

()

§.1.11
Hackchannel
receive channel when transmitting an FIS

1.1.12
it error rate

statistical prebability of a transmitted encoded bit being erroneously received in p

select the other dewce or dellver another queued command

3.1.14

byte count

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

3.1.15

byte count limit

value placed in the byte count register by the host as input to a PACKET PIO data transfer
command to specify the maximum byte count that may be transferred during a single DRQ
assertion
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3.1.16

CompactFlash™ Association

CFA

association which created the specification for compact flash memory that uses the ATA
interface

3.1.17

check condition

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

.1.18
ylinder-head-sector
HS

bsolete method of addressing the data on the device by cylinder number, headmumber angd
ctor number

.1.19

ode violation

a serial interface implementation, a code violation is an error that occurs in the decoding ¢
n encoded character (see Clause 15)

—

mmand completion with ABRT set to one in the error register and ERR set to one in the
atus register

1.21

ommand acceptance
command is considered accepted whenever the currently selected device has the BSY bjt
leared to zero in the status register and the hoost writes to the command register

OTE An exception exists for the DEVICE RESET\command (see ISO/IEC 24739-1:2009, Clause 6). In a serig
implementation, command acceptance is a positiye, acknowledgment of a host to device register FIS.

.1.22

ommand block registers

interface registers used for delivering commands to the device or posting status from th
evice

[

OTE In a serial implementations/ the command block registers are FIS payload fields.

.1.23

ommand completion

mpletion by the_device of the action requested by the command or the termination of th
mmand with_an error, the placing of the appropriate error bits in the error register, th
lacing of tRe-appropriate status bits in the status register, the clearing of both BSY and DR
tp zero and’Interrupt Pending

]

L =)

1.24

ommand packet
data structure transmitied to the device during the execution of a PACKET command that
includes the command and command parameters

3.1.25

command released

when a device supports overlap or queuing, a command is considered released when a bus
release occurs before command completion

3.1.26

control block registers

in a parallel implementation, interface registers used for device control and to post alternate
status; in a serial interface implementation, the logical field of a FIS corresponding to the
device register bits of a parallel implementation
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3.1.27

control character

in a serial interface implementation, an encoded character that represents a non-data byte
(see Clause 15)

3.1.28

cyclical redundancy check

CRC

means used to check the validity of certain data transfers

.1.29
ylinder high register
ame used for the LBA high register in previous ATA/ATAPI standards

.1.30
ylinder low register
ame used for the LBA mid register in previous ATA/ATAPI standards

.1.31

ata character
in a serial interface implementation, an encoded character that represents a data byte (se
lause 15)

()

.1.32
ata-in
rotocol that moves data from the device to the host

OTE These transfers are initiated by READ commands.

.1.33
ata-out
rotocol that moves data from the host to the-device

OTE These transfers are initiated by WRITE commands.

.1.34

elayed LBA
ny sector for which the performance specified by the streaming performance parameters log
not valid

.1.35
evice
orage peripheral

OTE Traditionally, a.device on the interface has been a hard disk drive, but any form of storage device may be
placed on the interface’provided the device adheres to this standard.

.1.36

evice selection
in a paraltel 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.

3.1.37

disparity

difference between the number of ones and the number of zeroes in an encoded character
(see Clause 15)

3.1.38
DMA (direct memory access) data transfer
means of data transfer between device and host memory without host processor intervention
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3.1.39
don’t care
term to indicate that a value is irrelevant for the particular function described

3.1.40

driver

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

3.1.41
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/g
haracter alignment is performed

=

a serial interface implementation, the output of the 8b/10b encoder(see Clause 15)

.1.44
first party DMA access
ethod by which a device accesses host memory

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

.1.45

frame information structure
IS

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

.1.46
frame
nit of information exchanged hetween the host adapter and a device

OTE A frame consists of an S@FE\primitive, a Frame Information Structure, a CRC calculated over the contenfs
of the FIS and an EOF primitive(

requires that.user data be transferred to or from the device media before commangd
mpletion even if caching is enabled

.1.48
enl1 DWORD time
thetime it takes to transmit a 40 bit encoded value at 1,5 Gbit/s

3.1.49

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

3.1.50
host adapter
implementation of the host transport, link and physical layers

3.1.51
interrupt pending
in a parallel implementation, an internal state of a device;
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in this state, the device asserts INTRQ if nlEN is cleared to zero and the device is selected
(see ISO/IEC 24739-2:2010, Clause 8);

in a serial implementation, the Interrupt Pending state is an internal state of the host adapter;
this state is entered by reception of a FIS with the | field set to one (see Clause 16)

3.1.52
logical block address (LBA)
addressing of data on the device by the linear mapping of sectors

3.1.53
Iinear feedback shift register (LFSR)
(gee Clause 15)

3.1.54

link

the link layer manages the phy layer to achieve the delivery and reception ofi-frames (se
Glause 15)

[

.1.55
bgical sector
uniquely addressable set of 256 words (512 bytes)

il 0* )

Q

3.1.56

native max address
t

3

—

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

.1.57

verlap

protocol that allows devices that require extended command time to perform a bus releas
o that commands may be executed by the other device (if present) on the bus

()

O O W

.1.58

acket delivered command
ommand that is delivered to the dewvice using the PACKET command via a command packs
nat contains the command and.the command parameters; see also register deliveref
ommand

Q £ 0O T W
—

.1.59
HY
hysical layer electronics, see Clause 14

.1.60

hysical sector
roup of contiguous logical sectors that are read from or written to the device media in g
ingle operation

DO T W T T W

3.1.61

grogrammed input/output data transfer

RIO-data transer

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

3.1.62

primitive

in a serial interface implementation, a single DWORD of information that consists of a control
character in byte 0 followed by three additional data characters in byte 1 through 3

3.1.63
queued
command queuing allows the host to issue concurrent commands to the same device

NOTE Only commands included in the Overlapped feature set may be queued. In this standard, the queue contains
all commands for which command acceptance has occurred, but command completion has not occurred.
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3.1.64

read command

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

3.1.65
register
register may be a physical hardware register or a logical field

3.1.66

register delivered command

ommand that is delivered to the device by placing the command and all of the parameters g
the command in the device command block registers

—

OTE See also packet delivered command.

.1.67

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

.1.68

o
]
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niquely addressable set of 256 words (512 bytes)

.1.70
ector number register
BA low register in previous ATA/ATAPI-standards

A1.71

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

()

1.72

hadow control block
a serial interfaceZimplementation, a set of virtual fields in the host adapter that map th
ntrol 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 t
istinguish devices implementing the PACKET command feature set from those devices ng
plementing the PACKET command feature set

—~~ O

3.1.74

self-monitoring, analysis and reporting technology
SMART

for prediction of device degradation and/or faults

3.1.75

transport

transport layer manages the lower layers (link and phy) as well as constructing and parsing
FISs, see Clause 16
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3.1.76

ultra DMA burst

the period from an assertion of DMACK- to the subsequent negation of DMACK- when an
ultra DMA transfer mode has been enabled by the host

3.1.77

unaligned write

write command that does not start at the first logical sector of a physical sector or does not
end at the last logical sector of a physical sector

1.76

nit attention condition

ate that a device implementing the PACKET command feature set maintains while th
evice has asynchronous status information to report to the host

[4%

1.79

nrecoverable error
hen the device sets either the ERR bit or the DF bit to one in the status register at commangd
mpletion

.1.80
endor specific (VS)
its, bytes, fields and code values that are reserved for vendor specific purposes

OTE 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.

OTE 2 |Industry practice could result in conversion of a Vendor 8pecific bit, byte, field or code value into |a
defined standard value in a future standard.

.1.81

rite command

mmand that causes the device to transferidata from the host to the device (e.g., WRIT
ECTOR(S), WRITE DMA, etc.)

.1.82

orld wide name (WWN)
4-bit worldwide unique name (based upon a company’'s |IEEE identifier, (see IDENTIFY
EVICE Words 108 to 111 in ISO/IEC 24739-1:2009, Clause 6.)

.2 Abbreviations

BRT Abort
/r As Required
SY Busy
/D Command/Data
FA Compact Flash Association
ASP Drive Active / Slave Present
D Device Data
DEV Device
DF Device fault
DF/SE Device Fault / Stream Error
DIOW Device Input Output Write
DMA Direct Memory Access
DMACK DMA aknowledge
DMARQ DMA request
DRDY Device ready
DRQ Date Request

ECC Error Correcting Code
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ENB Enable

ERR Errror

ERR/CHK Error check

FIFO First in / First Out

HOB High Order Bit

ID Identification

INTRQ Interupt Request

e} lnput/ Qutput

LUBA Logical Block Address

na Not Aplicable

nlEN Negative Interupt Enable

NM No media

NOP No Operation

gbs Obsolete

qQvL Overlap

HDIAG Passed Diagnostics

HIO programmed input/output

REL Release

R/W Read / Write

SERV Service

gRST Soft Reset

3.3 Conventions

3.3.1 General

LHowercase is used for words having, the normal English meaning. Certain words and termgs
used in this standard have a specific meaning beyond the normal English meaning. Thesp
words and terms are defined eitherin Clause 3 or in the text where they first appear.

Tlhe names of abbreviations, ‘commands, fields and acronyms used as signal names are in a|l
uppercase (e.g., IDENTIFY 'DEVICE). Fields containing only one bit are usually referred to aL
the "name" bit instead of) the "name" field. (See 3.3.7 for the naming convention used fqr
naming bits.)

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

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

3.3.2 Precedence

If there is a conflict between text, figures and tables, the precedence shall be tables, figures,
thentext.
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3.3.3 Lists

Ordered lists, those lists describing a sequence, are of the form:
a)
b)
c)

Unordered list are of the form:
1)
2)
3)

3.4 Keywords

everal keywords are used to differentiate between different levels of requirements, angd
ptionality.

xpected

keyword used to describe the behavior of the hardware or software in the”'design model
ssumed by this standard. Other hardware and software design models* may also b
implemented.

[2)

()

handatory
keyword indicating items to be implemented as defined by this standard.

> =

=

nay
ndicates flexibility of choice with no implied preference.

dbsolete

ndicates that the designated bits, bytes, words, fields and code values that may have bee
efined in previous standards are not defined in this standard and shall not be reclaimed fq
ther uses in future standards. However, some’degree of functionality may be required fg
items designated as “obsolete” to provide for backward compatibility.

=)

=

—

bsolete commands should not be used by the host. Commands defined as obsolete may b
mmands aborted by devices conforming to this standard. However, if a device does ng
mmand abort an obsolete compiand, the minimum that is required by the device i
response to the command is command completion.

= e~ (D

ptional

escribes features that are)'not required by this standard. However, if any optional featur
efined by the standard(is implemented, the feature shall be implemented in the way define
y the standard.

[

[®N

rohibited
indicates that-an/item shall not be implemented by an implementation

reserved

indicates-reserved bits, bytes, words, fields, and code values that are set aside for futurp
andardization. Their use and interpretation may be specified by future extensions to this gr

ther standards. A reserved bit, byte, word, or field shall be cleared to zero, or in accordancg

with a future extension to this standard. The recipient shall not check reserved bits, DYLes,

words, or fields. Receipt of reserved code values in defined fields shall be treated as a

command parameter error and reported by returning command aborted

retired

indicates that the designated bits, bytes, words, fields, and code values that had been defined
in previous standards are not defined in this standard and may be reclaimed for other uses in
future standards. If retired bits, bytes, words, fields, or code values are used before they are
reclaimed, they shall have the meaning or functionality as described in previous standards

shall
indicates a mandatory requirement. Designers are required to implement all such mandatory
requirements to ensure interoperability with other products that conform to this standard
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should
indicates 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

valies
Vig+t 0

.3.6 Signal conventions

ignal names are shown in all uppercase letters.

Il signals are either high active or low active signals. A dash character ( - ) at.the end of
ignal name indicates the signal is a low active signal. A low active signal is\true when th
ignal is below V;, and is false when the signal is above V4. No dash at the end of a signa
name indicates the signal is a high active signal. A high active signal is(rue when the sign§
i$ above Viy, and is false when the signal is below V;,.

— — D

Asserted means that the signal is driven by an active circuit to theZirue state. Negated mean
that the signal is driven by an active circuit to the false state. Released means that the signa
i$ not actively driven to any state (see ISO/IEC 24739-2:2010(Clause 7). Some signals hav
hias circuitry that pull the signal to either a true state or false state when no signal driver i
gctively asserting or negating the signal.

DO =00

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

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

3.3.7 Bit conventions

—

Bit names are shown in all uppercase-letters except where a lowercase n precedes a b
name. If there is no preceding n, then when BIT is set to one the meaning of the bit is true
gnd when BIT is cleared to zerothe' meaning of the bit is false. If there is a preceding n, the
when nBIT is cleared to zero the meaning of the bit is true and when nBIT is set to one th
meaning of the bit is false.

[

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

Bit sefting=1 / \

Bit ¢h'm) denotes a set of hits _for example hits (7:0)

3.3.8 State diagram conventions
State diagrams are as shown in Figure 2.
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State designator: State_name State designator: State_name
Entry condition Transition condition ] Exit condition
—Transition label —#=r—— Transition label &— 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 1/0 INTRQ | DMARQ | PDIAG%. |\ DASP-

Figure 2 — State diagram convention

Hach state is identified by a state designator and a state name. JThe’state designator is uniqu
mong all states in all state diagrams in this document. The state designator consists of a s
f letters that are capitalized in the title of the figure containing the state diagram followed b

unique number. The state name is a brief description pf\the primary action taken during th
ate, and the same state name may appear in other state diagrams. If the same primari
function occurs in other states in the same state diagram, they are designated with a uniqu

I¢tter at the end of the name. Additional actionspmay be taken while in a state and thes

ctions are described in the state description text.

DT IK I ~ O

I device command protocol state diagrams,(the state of bits and signals that change state
uring the execution of this state diagram-are shown under the state designator:state_name,
nd a table is included that shows the state of all bits and signals throughout the state
iagram as follows:

v = bit value changes.

1 = bit set to one.

0 = bit cleared to zero;

x = bit is don’t care-

V = signal changes.

A = signal is asserted.

N = signal is-negated.

R = signaliis‘released.

X = sighal is don’t care.

HBach transition is identified by a transition label and a transition condition. The transition labe
gonsists«of the state designator of the state from which the transition is being made followef
Hy 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 diagramg,
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.

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.
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/ or \ - signal transition (asserted or negated)

< or > - data transition (asserted or negated)

—<:>— - data valid

XXXX - undefined but not necessarily released

- asserted, negated or released

- released

------------------------ - the “other” condition if a signal is shown with no change

>
[®N

Il signals are shown with the asserted condition facing to the top of the page: The negate
gondition is shown towards the bottom of the page relative to the asserted.condition.

—]

he interface uses a mixture of negative and positive signals for control/and data. The termis
sserted and negated are used for consistency and are ifidependent of electrica
gharacteristics.

Q

h all timing diagrams, the lower line indicates negated, and.the/upper line indicates asserted.

— —

he following illustrates the representation of a signal nanted TEST going from negated tp
gsserted and back to negated, based on the polarity of the signal.
Assert Negate
TEST I |
>Viy
<Vi / \
Assert Negate
TEST-
<Vi I I

> Viy / \

.3.10 Byte ordering for data transfers

3

Qata is transferredin_blocks using either PIO or DMA protocols. PIO data transfers occu
when the BSY bit-is eleared to zero and the DRQ bit is set to one. These transfers are usuall
1|6-bit but CFA devices may implement 8-bit PIO transfers. Data is transferred in blocks of on
dr more bytes.kKnown as a DRQ block. DMA data transfers occur when the host assert
OMACK- inresponse to the device asserting DMARQ. DMA transfers are always 16-bit. Eac
gssertion.of DMACK- by the host defines a DMA data burst. A DMA data burst is two or mor
Hytes.

D o0 00< =

Assuming a DRQ block or a DMA burst of data contains "n" bytes of information, the bytes arg
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 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 P10O.
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Table 2 — 16-bit Transfer Byte order

bb |pbb bD (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 Byte (3) Byte (2)
transfer
Last transfer Byte (n-1) Byte (n-2)
Table 3 — 8-bit Transfer Byte order
DD DD DD DD DD DD DD DD
7 6 5 4 3 2 1 0
First transfer Byte (0)
Second Byte (1)
transfer
Last transfer Byte (n-1)
NOTE The above description is for data on the interface. Host systems and/eor host adapters may cause the ordgr
of data as seen in the memory of the host to be different.
Jome parameters are defined as a string of ASCII characters. ASCII data fields shall contain
gnly code values 20h through 7Eh. For the string “Copyright”, the character “C” is the first
Hyte, the character “0” is the second byte, etc. When such fields are transferred, the order of
tfansmission is:

<

he 1% character (“C”) is on DD(15:8) of the first 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 sécond word,
he 4™ character (“y”) is on DD(7:0) of the second word,
he 5™ character (“r") is on DD(15:8) of the third word,

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

he 7" character (“g”) is on DD(15:8),0f the fourth word,
he 8" character (“h”) is on DD(7:0Y of the fourth word,
he 9" character (“t") is on DD(15:8) of the fifth word,

he 10" character (“space”)isron DD(7:0) of the fifth word,
ptC.

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

yte, word and DWORD, relationships.
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Figure 3 illustrates the relationship between bytes, words and DWORDs.

7 6 5 4 3 2 10

Byte
1T 11 1 11
5 4 3 21 09 87 6 5 43210
Word
Byte 1 Byte 0
33222 222222211111 11111
109 8 7 6 5 4 3 21 0 9 87 6 5 4 3 21 09 8 7 6 5 48\2 10
DWor
d
Word 1 Word 0
Byte 3 Byte 2 Byte 1 Byte 0

Figure 3 — Byte, word and DWORD relationships

4 General operational requirements
Refer to Clause 4 of ISO/IEC 24739-1:2009 for general operational requirements.
8 /O register descriptions

Refer to Clause 5 of ISO/IEC 24739-1:2009 for 1/O register. In addition, see also Clauses 1P
and 11 of ISO/IEC 24739-2.

§ Command descriptions
Refer to Clause 6 ofASO/IEC 24739-1:2009 for command descriptions.

71 Parallel interface physical and electrical requirements

wul

efer to Clause 7 of ISO/IEC 24739-2:2009 for parallel interface physical and electricg
requirements.

§ ~Parallel interface signal assignments and descriptions

Refer to Clause 8 of ISO/IEC 24739-2:2009 for parallel interface signal assignments and
descriptions.

9 Parallel interface general operating requirements of the physical, data link,
and transport layers

Refer to Clause 9 of ISO/IEC 24739-2:2009 for parallel interface general operating
requirements of the physical, data link, and transport layers.

10 Parallel interface register addressing

Refer to Clause 10 and Clause 11 of ISO/IEC 24739-2 for parallel interface register
addressing.
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11 Parallel interface transport protocols
Refer to Clause 11 of ISO/IEC 24739-2:2010 for parallel interface transport protocols.
12 Parallel interface timing

Refer to Clause 12 of ISO/IEC 24739-2:2010 for parellel interface timing.

13 Serial interface general overview

13.1 Overview

he serial implementation of ATA is a high-speed serial replacement for the paralle
implementation of ATA attachment of mass storage devices. The serial interface employed i
high-speed differential layer that utilizes Gigabit technology and 8b/10b encoding,

Q
[2)

igure 4 illustrates how two devices are connected to a Parallel ATA host\adapter. Thi
nethod allows up to two devices to be connected to a single port using a ‘Device 0/Device
ommunication technique. Each device is connected via a ribbon cable that “daisy chains” th
evices.

O 0O J T
DO =0

Operating system

Application 1 StandardQ
ATA \‘(\
ada@r

Application 2 Driver Q

Application 3 ‘ ( @ w
K)@ |
O

O.

Figure 4 — Standard ATA device connectivity

-l

igure 5 illustrates how the same two devices are connected using a serial implementation ¢
n ATAshost adapter. In this diagram the dark grey portion is functionally similar to the dar
rey{portion of the previous diagram. ATA host software accesses the serial implementatio
f(ATA subsystem in the same manner and functions in the same way as previous paralle

- I

=

i ; ; ;
they were both Device 0 on two separate ports. The right hand portion of the host adapter is
of a new design that converts the operations of the software into a serial data/control stream.
The serial interface structure connects each of the two drives with their own respective cables
in a point-to-point fashion.
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Operating system

Serial
Application 1 ATA
adapter
I'\PPII\JGLIUII = UTITvVel
dl L\
@
Application 3

Figure 5 — The serial implementation of ATA connectivity

3.2 Sub-module operation

1

The Transport control state machine and the Link state/machine are the two core sub
modules that control overall operation. The Link state' machine controls the operation(s
related to the serial line and the Transport controk'state machine controls the operation(s
relating to the host platform. The two state machines coordinate their actions and utiliz
resources to transfer data between a host computer and attached mass storage device. Th
Host Link state machine communicates viasthe serial line to a corresponding Link stat
machine located in the device. The host Transport machine also likewise communicates wit
g corresponding device Transport state.miachine. The two Link state machines ensure thg
o
F
t

igure 6 shows how the machines ;communicate their various needed parameters in th
aditional layered model. Each layer communicates with its counterpart directly or indirectly.

ontrol sequences between the two Transport control state machines are properly exchanged.

— = D D D ~—~— 1
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i Host (standard) Application Device
Software control layer Software control
‘ Buffer memory el Sttt Buffer memory

DMA engine(s) DMA engine(s)

Transport

| Serial interface transport layer Serial interface transport
control (Clause 16- <@ —-———=—=---——=== - control (Clause 16
i Transport layer) Transport layer)
Link N
- . layer g
| Serial interface link R S Serial interface link control
‘ control (Clause 15 - Link (Clause 15 - Link layer)
layer) /
| N
‘ Physical Serial physical

. . layer interface plant

Serial physical interface :
plant (Clause 14 - <—> (Clause|14 - Physical
Physical layer) ayer)
Host located layers Device located layers

Figure 6 — Communication layers

Tlhe host interacts with the Transport control state machine through a register interface that i
gdquivalent to that presented by a parallel implementation of an ATA host adapter. This allow
H
i

ost software to follow eXisting standards and conventions when accessing the registe
terface and follows/standard command protocol conventions. The Transport control stat
achine breaks down these operations into a sequence of actions that are exchanged wit
the Link state makchine.

5 D = O O

13.3 Parallel ATA emulation

his subclause'is optional.

13.3¢{1¢ General

ee/Clause 18 for state diagrams

See 18.2 for additional information about nlEN.

Emulation of parallel implementations of ATA device behavior as perceived by the host BIOS
or software driver, is a cooperative effort between the device and a serial interface host
adapter hardware. The behavior of Command and Control Block registers, PIO and DMA data
transfers, resets and interrupts are all emulated.

The host adapter contains a set of registers that Shadow the contents of the traditional device
registers, referred to as the Shadow Command Block and Shadow Control Block. The
Command Block registers are used for sending commands to the device or posting status
from the device. These registers include the LBA High, LBA Mid, Device, Sector Count,
Command, Status, Features, Error and Data registers. The Control Block registers are used
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for device control and to post alternate status. These registers include the Device Control and
Alternate Status registers.

All serial implementations of ATA devices behave like Device 0 devices. Devices shall ignore
the DEV bit in the Device field of received Register FISes, and it is the responsibility of the
host adapter to gate transmission of Register FISes to devices, as appropriate, based on the
value of the DEV bit.

After a reset or power-on, the host bus adapter emulates the behavior of a traditional ATA
system during device discovery. Immediately after reset, the host adapter shall place the
alue Ox7Fh in its Shadow Stafus regisier and Shadow Alternate Status Register and sha)l
glace the value O0xFFh in all the other Shadow Command Block registers (OxFFFFh in th
[Jata register). In this state the host bus adapter shall not accept writes to the Shadow
Gommand Block and Shadow Control Block. When the host Phy detects presence”of ah
dttached device, see 20.2.2.1 and 19.2.2, the host bus adapter shall set bit 7 incthe"Shadow
Jtatus register yielding the value OxFFh or 0x80h, and the host bus adapter shalhallow writejs

y

d

f

9]

tp the Shadow Command Block and Shadow Control Block. If a device is present, the Ph
shall take no longer than 10 ms to indicate that it has detected the presence of a device an
as set bit 7 in the Shadow Status register. The Serial implementation\of ATA time limit ¢
10 ms is different than the parallel implementation of ATA. (See 1h‘f ISO/IEC 24739-2
hen the attached device establishes communication with the host(bus adapter, it shall sen
q register FIS to the host, resulting in the Shadow Command Bloeckand Shadow Control Bloc
heing updated with values appropriate for the attached device.

A O o

he host adapter may present a Device 0-only emulation to-host software, that is, each devic
i$ a Device 0, and each Device 0 is accessed at a different set of host bus addresses. Th

ost adapter may optionally present a Device 0/Device.1 emulation to host software, that is
tyo devices on two separate serial ports are represented to host software as a Device 0 and
[Jevice 1 accessed at the same set of host bus addresses.

~ D

[\

13.3.2 Software reset

I$suing a software reset is performed by toggling the SRST bit in the Shadow Device Contrg
register. The toggle period is no shorter_than a minimum timeout (see Clause 11 of ISO/IE
24739-2). As a result of the SRST bit.changing in the Shadow Device Control register, hos
ddapters shall issue at least two Register FISes to the device (one with the SRST bit set an
3 subsequent one with the SRST bit cleared). See 16.2.3.2 for a detailed definition d
Register FIS. Although host\ software is required to toggle the SRST bit no faster tha
specified in parallel implementations of ATA, serial devices shall not rely on the inter-arrivg
time of received Register-FISes also meeting this timing. Because of flow control, fram
andshaking and other, protocol interlocks, serial devices may receive the resulting Registe
HISes back-to-back(

S0 2o S5O 5O

Jue to flow control, protocol interlocks, power management state, or other transmissio
latencies, the’~subsequent Register frame transmission clearing the SRST bit during
software peset may be triggered prior to the previous Register FIS transmission having bee
gompleted Host adapters are required to allow host software to toggle the SRST with th
inimum' timing specified for the parallel implementation of ATA, even if frame transmissio
ItenC|es result in the first Register FIS transm|SS|on takmg Ionger than speC|f|ed in th

:TU(DDCDDSDD

resultmg Reglster FISes to the dewce regardless of the transmlssmnlatency ofeac
individual FIS.

13.3.3 Device 0-only emulation

A serial implementation of an ATA host adapter behaves the same as if a parallel
implementation Device 0 only device were attached with no Device 1 present. It is the
responsibility of the host adapter to properly interact with host software and present the
correct behavior for this type of configuration. All serial implementations of ATA devices,
therefore, need not be aware of Device 0/Device 1 issues and ignore parallel implementation
I/0O register information that deals with a secondary device. When the DEV bit in the Device
register is set to one, selecting the non-existent Device 1, the host adapter shall respond to
register reads and writes as specified for a Device 0 with no Device 1 present, as defined in
the parallel implementation. This includes not setting the BSY bit in the Shadow Status
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register when Device 1 is selected, as described in the parallel implementation. When Device
0 is selected, the host adapter shall execute the serial implementation protocols for managing
the Shadow Command Block and Shadow Control Block contents as defined in Clause 17.

When Device 0 is selected and the Command register is written in the Shadow Command
Block, the host adapter sets the BSY bit in its Shadow Status register. The host adapter then
transmits a frame to the device containing the new Control and Command Block register
contents. When the Device Control register is written in the Shadow Control Block with a
change of state of the SRST bit, the host adapter sets the BSY bit in its Shadow Status
register and transmits a frame to the device containing the new register contents.
Transmission of register contents when the Device Control register is written with any valu
nat is not a change of state of the SRST bit shall not set the BSY bit in the Shadow Statu
bgister, and transmission of a frame to the device containing new register contents i
ptional. Similarly, the host adapter sets the BSY bit in its Shadow Status register.to on
hen a hard reset (COMRESET) is requested or the SRST bit is set to one imthe Devic
ontrol register, see Figure 95.

oOs O = o=
O O O & O

he device updates the contents of the host adapter Shadow Command Block and Shado
ontrol Block by transmitting a register frame to the host. This allows thé device to set the
roper ending status in the host adapter at the completion of a command or control requesj.
pecific support is added to ensure proper timing of the DRQ and)BSY bits in the Statuls
bgister for P1O transfers.

<

> (DT O -

Hinally the host adapter provides an Interrupt Pending flag in the host adapter. This flag is s¢
Hy the host adapter when the device sends a serial bus frame including the request to set th
I
t

O D ~

nterrupt Pending flag. The host adapter asserts the interrupt to the host processor any tim
ne Interrupt Pending flag is set, the DEV bit is cleared.to zero in the Shadow Device registe
gnd the nlEN bit in the Shadow Device Control register is cleared to zero. The host adaptg
dears the Interrupt Pending flag any time a COMRESET is requested, the SRST bit in th
Shadow Device Control register is set to one, the Shadow Command register is written an
DEV is cleared to zero, or the Shadow Status-register is read and DEV is cleared to zero. Thi
llows the emulation of the host interrupt and’its proper timing.

(2

13.3.4 Device 0/Device 1 emulation (optional)
13.3.4.1 General

Il devices behave as if they are Device 0 devices. However, the host adapter may optionall
plement emulation of the behavior of a Device 0/Device 1 configuration by pairing two seriz
orts, and managing their_associated Shadow Command Block and Shadow Control Bloc
ccordingly, as though'‘they were a Device 0 and Device 1 at the same set of host bu
ddresses.

A =<

host adapter.that emulates Device 0/Device 1 behavior shall manage the two sets ¢
hadow Command Block and Shadow Control Block (one set for each of the two deviceg
ased on thelvalue of the DEV bit in the Shadow Device register. Based on the value of th
EV bit,.the' host adapter shall direct accesses to the Shadow Command Block and Shado
ontrol*Block to the appropriate set of Shadow Command Block and Shadow Control Block i
the .correct device. It is the responsibility of the host adapter to ensure that communicatio
ithhone or both of the attached devices is handled properly, and that information gets route
to the devices correctly. Each device shall process any communication with the host adapie
as if it is targeted for the device regardless of the value of the DEV bit.

= 0O 90 J < D — —

If a host adapter is emulating Device 0/Device 1 behavior, and there is no device attached to
the cable designated as the Device 1 cable, the host adapter shall emulate Device 0 behavior
with no Device 1 present as described in the parallel implementation.

When device 1 is selected and device 0 is responding for device 1 (see Table 44 in
ISO/IEC 24739-2:2009), a host adapter with Device 0/Device 1 emulation generates the non-
packet device response for both packet and non-packet devices.
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13.3.4.2 Software reset

Host adapters that emulate Device 0/Device 1 behavior shall emulate parallel implementation
behavior for software reset. Based on the Phy initialization status, the host adapter knows
whether a device is attached to each of the two ports used in a Device 0/Device 1 emulation
configuration. Device Control Register writes, that have the SRST bit set to one, shall result in
the associated Shadow Control Block being written for each port to which a device is
attached. The frame transmission protocol for each associated port executed, results in a
Register FIS being transmitted to each attached device. Similarly, the subsequent write to the
Device Control register that clears the SRST bit shall result in a Register FIS being sent to

device (or timeout), and shall merge the contents of the Error and Status registers for‘\the
Jqttached devices, in accordance with the parallel implementation, to produce the Error, angd
Jtatus register values visible to host software.

13.3.4.3 EXECUTE DEVICE DIAGNOSTICS

ost adapters that emulate Device 0/Device 1 behavior shall emulate" the parallg
implementation behavior for EXECUTE DEVICE DIAGNOSTICS (see ISO/IEC 24739-1:200¢
Glause 6 and ISO/IEC 24739-2:2010, Clause 11). The host adaptep shall detect th
HXECUTE DEVICE DIAGNOSTIC command being written to the Cemmand register. Hos
ddapter detection of the EXECUTE DEVICE DIAGNOSTICS command shall result in th
qssociated Shadow Command Block and Shadow Control Block being written for each port t

hich a device is attached. A Register FIS is transmitted to each attached device. The hos
ddapter shall then await a response from each attached deyice’(or timeout), and shall merg
the contents of the Error and Status registers for the attached devices, in accordance with th
garallel implementation to produce the Error and Status register values visible to hos
software.

~~ D (D —~+~ O (D ~ D <

13.3.4.4 Restrictions and limitations

uperset capabilities that are unique to the Sérial implementation of ATA and not supporte
Hy the parallel implementation of ATA are-not required to be supported in Device 0/Device
gmulation. Device 0/Device 1 emulation issrecommended only in configurations where legac
software drivers are used and the number of attached devices exceeds the number g
interfaces the legacy software supports.

_— =

4 Serial interface physicallayer

14.1 Overview
14.1.1 General

his clause describes’ the physical layer of the serial implementation of ATA. Unles
dtherwise described; the information is normative. The information that is provided an
arked informatiye is provided to help the reader better understand the normative clause
gnd should be‘taken as examples only. Exact implementations may vary.

(2B o)

14.1.2 List of services

he following services are provided.

P) Transmit a 1.5 Gb/s differential NRZ serial stream at specified voltage levels.

2) Provide matched termination at the transmitter.

3) Serialize a 10, 20, 40, or other width parallel input from the Link for transmission.

4) Receive a 1.5 Gb/s differential NRZ serial stream.

5) Provide a matched termination at the receiver.

6) Extract data (and, optionally, clock) from the serial stream.

7) Deserialize the serial stream.

8) Detect the K28.5 comma character and provide a bit and word aligned 10, 20, 40, or

other width parallel output.
9) Provide specified OOB signal detection and transmission.
10) Perform proper power-on sequencing and speed negotiation.
11) Provide interface status to Link layer.
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12) Host/device present.

13) Host/device absent.

14) Host/device present but failed to negotiate communications.

15) Optionally support power management modes.

16) Optionally perform transmitter and receiver impedance calibration.

17) Handle the input data rate frequency variation due to a spread spectrum transmitter
clock.

18) Accommodate request to go into Far-End retimed loopback test mode of operation
when commanded.

14.2 Connectors specifications

14.2.1 Overview

Tlhis clause covers the serial implementation of ATA connectors and cable assemblies. |t
defines the

1)  connector mating interfaces,

2) connector location on the device,

3) electrical, mechanical and reliability requirements of the €onhectors and cablge
assemblies,

4) connector and cable testing procedures.

does not define how the connector and cable assembly d@re‘implemented, such as
1)  the mounting feature of the connectors,
2) the cabling and cable terminations,
3) the methods on how the PCB connects tother components of the system.

—

4.2.2 General descriptions

A serial implementation of an ATA device may be either directly connected to a host qr
gonnected to a host through a cable.

[®N

Hor direct connection, the device~plug connector, shown as (a) and (b) in Figure 7, is inserte
directly into a host receptacle connector, illustrated as (g) in Figure 7. The device plu

— O

or connection via cable, the device signal plug connector, shown as (a) in Figure 7, mate
ith the signal cable receptacle connector on one end of the cable, illustrated as (c) i
igure 7. The signal cable receptacle connector on the other end of the cable is inserted int

OO SO

<<

ver
cable mates with the deV|ce power plug connector, shown as (b) in Figure 7. The host end of
the power cable is not covered in this standard.
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omponents

) device signal plug segmeént or connector;

b) device power plug.segment or connector;

) signal cablereceptacle connector, to be mated with (a);

1) power cable receptacle connector, to be mated with (b);

b) signal cable receptacle connector, to be mated with (f), the host signal plug connector;

) ~<host receptacle connector mating directly with device plug connector (a) and (b).

Figure 7— Serfat impiementation connector examples
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14.2.3 Connector drawings

14.2.3.1 Device plug connector

37—

Figure 8, Figure 9 and Table 4 show the interface dimensions for the device plug connector
with both signal and power segments. All dimensions are in milimeters.
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Figure 8 — Device plug connector part 1 of 2
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Figure 9 — Device plug connector part 2 of 2

14.2.3.2 Signal cable receptacle connector

Figure 10 shows the interface dimensions for the signal cable receptacle connector. There are
two identical receptacles at the two ends of the Serial ATA cable assembly. The cable
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receptacle mates with either the signal segment of the device plug connector on the device, or
the host plug connector on the host. All dimensions are in milimeters.
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Figure 10 — Non-Latching Signal Cable receptacle connector interface dimensions
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Figure 11 shows the additional dimensions for the optional Latching Signal Cable Receptacle.
All dimensions are in milimeters.

4.40:0.15
6.60+0.15 — 4.00:0.15
NO BUMP WABt0.0B

mn — =

I

/LA,#
!
‘ﬂﬂz\ﬂ@ﬂ/ﬂﬂz ‘ L 00010

\ * i
5.85+O.?5J
ENGAGEMENT FEATURES ‘MUST
DEFLECT BELOW 1.45mm;<DIM.
Figure 11 — Optional Latching Signal Cable Receptacle connector interface dimensionsg

4.2.3.3 Signal host plug connector

he signal host plug connector is to be mated with one end of the Serial ATA cable assembly.
o the pinout of the host plug connector is the mirror image of\the signal cable receptacls.
igure 12 shows the host plug connector interface definition.

or applications where multiple Serial ATA ports or connéctors are stacked together on th
ost, there is a clearance or spacing requirement to{prevent the cable assemblies fror

= D

'cTterfering with each other. Figure 21 shows the reecommended clearance or spacing. Al
i

imensions are in milimeters.
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Figure 12 — Host plug connector interface dimension

14.2.3.4 _Host receptacle connector

Tlhe hostreceptacle connector is to be blind-mated directly with the device plug connecto
Tlhe interface dimensions for the host receptacle connector are shown in Figure 13. Note th3

imension B allows two values: 8.15 mm and 14.15 mm. There are two levels of contacts i
¢ . . .

e

corresponding ground pins on the device plug connector, followed by the engaging of the pre-

charged power pins. An appropriate external retention mechanism independent of the

connector is required to keep the host PCB and the device in place and is not specified b

y

this standard. The host receptacle connector is not designed with any retention mechanism.

All dimensions are in milimeters.
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Figure 13 — Host receptacle connector interface dimensions

14.2.3.5 Power cable receptacle connector

The power cable receptacle connector mates with the power segment of the device plug,
bringing power to the device. Figure 14 shows the interface dimensions of the power
receptacle connector. The pinout of the connector is the mirror image of the power segment of
the device plug shown in Table 4. All dimensions are in milimeters.
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Figure 14 — Non<Latching Power cable receptacle connector interface dimensions

n

igure 15 shoWws the dimensions for the optional latching feature for the power cabl
bceptacle. AN dimensions are in milimeters.
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14.2.4 Connector pinouts

There are a total of 7 pins in the signal segment and 15 pins in the power segment. The pin
definitions are shown in Table 4.

Table 4 — Device plug connector pin definition

Signal segment key

S1 Gnd Second mate
S2 A+ Differential signal pair A from Phy
Signal S3 A-
segment S4 Gnd Second mate
S5 B- Differential signal pair B from Phy
S6 B+
S7 Gnd Second mate

Signal segment “L”

Jentral connector polarizer

Plower segment “L”

P1 V33 3.3 V power
P2 V33 3.3 V power
P3 V33 3.3 V power, prescharge, second mate
P4 Gnd First mate
P5 Gnd Second mate

Power P6 Gnd Second mate

segment P7 V5 5\ power, pre-charge, second mate

P8 V5 5V power
P9 V5 5V power
P10 Ghd Second mate

1) The pin corresponding to P11 in the backplane
receptacle connector is also reserved

P11 Reserved ) . . .
2) The corresponding pin to be mated with P11 in the
power cable receptacle connector shall be grounded
P12 Gnd First mate
PA3 V12 12 V power, pre-charge, 2nd mate
P14 V12 12 V power
P15 V12 12 V power

Power segment key

NOTE 1\,/“The comments on the mating sequence in Table 3 apply to the case of backplane blind-mate connectq
only- In this case, the mating sequences are: (1) the ground pins P4 and P12; (2) the pre-charge power pins an|
thheother ground pins; and (3) the signal pins and the rest of the power pins.

NOTE 2 There are three power pins for each voltage. One pin from each voltage is used for pre-charge in the
backplane blind-mate situation.

Q =

NOTE 3 V33 pins shall be connected together in the device.
NOTE 4 V5 pins shall be connected together in the device.
NOTE 5 V12 pins shall be connected together in the device.
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14.2.5 Backplane connector configuration and blind-mating tolerance

The maximum blind-mate misalignment tolerances are £1.50 mm and £1.00 mm, respectively,
for two perpendicular axes illustrated in Figure 16. Any skew angle of the plug, with respect to
the receptacle, reduces the blind-mate tolerances. All dimensions are in milimeters.

¢ ofreceptacle
I,
1.5 Max—=>! :

% of receptacle
|

—=|_F—1 00 Max

A <.

RN

—
|
:
i |
ﬁ

N
|

G‘)_ of plug - ¢ of plug

Figure 16 — Connector pair blind-mateymisalignment tolerance

Tlhe device-to-backplane mating configuration .js shown in Figure 17. Note that two values
B.45 and 14.45 mm) are allowed for dimension, A. All dimensions are in milimeters.

—

A =845 or 14.45
Mating datum |

1 |F for any FF |
i

Figure 17 — Device-backplane mating configuration

14.2.6 Connector locations

The device connector location is defined to facilitate blind mating. Figure 18 and Figure 19
define the connector locations on 95 mm (3.5”) and 65 mm (2.5”) devices, respectively. All
dimensions are in milimeters.
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Figure 18 — Device plug connector location on 95 mm (3.5”) device
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Figure 19— Device plug connector location on 65 mm (2.5”) device

wul

ecommended host plug connector clearance is shown in Figure 20. All dimensions are i
nilimeters.

=
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Figure(20 —- Recommended host plug spacing for Non-Latching Connectors
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Figure 21 shows the recommended host plug connector clearance and orientation for optional
latching connectors. All dimensions are in milimeters.

115REF. 16.00

4 .68 REF. H [

— =

(¢
n
n

U

shall also.be provided.

= df——— 1
:

* PN

1.00REF. ~—
~— 13.21REF.

Figure 21 — Recommended host plug connector clearanceand Orientation for Optional
Latching Connectors

4.2.7 Connector conformance requirements
4.2.7.1 General

nless otherwise specified, all measurements.shiall be performed within the following la
onditions:

— mated;

— temperature: 15°C to 35°C;

— relative humidity: 20 % to 80 %;

— atmospheric pressure: 650 mm-to 800 mm of Hg.

an EIA (Electronic Industry Agsociation) test is specified without a letter suffix in the teg
rocedures, the latest approved version of that test shall be used.

4.2.7.2 Signal

he test board shall eensist of differential traces (100 Q + 5 Q) over a ground plane (single
nded 50 Q = 2.5 Q).

pen or shorted\traces with the same length as the input signal traces shall be provided t
neasure the/system input risetime and to synchronize pulses. Traces for crosstal
heasurements diverge from each other. Provisions for attenuation reference measuremer

nléss' otherwise specified, the requirements in Table 5 are for the entire signal path from th

—~ A O

]

ost’ mated pair connector to the device plug mated pair connector, but not including PC

traces.

A cable assembly shall meet Table 5 electrical signalling parameters and requirements when
tested with the above specified test fixture or equivalent.
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Table 5 — Signal integrity requirements and test procedures

Parameter Procedure Requirements
Mated connector impedance 1) Minimize skew (see Note 1). 100 Q
2) Set the Time Domain Reflectometer (TDR) pulsers in +15 %

differential mode with a positive going pulse (V+) and a
negative going pulse (V-). Define a reflected differential
trace: Vyir = V+ = V-

3) With the TDR connected to the risetime reference trace,
verify an input risetime of 70 ps (measured 20 % to 80 %
V,). Filtering may be used to slow the system down (see
Note 2).

4) Connect the TDR to the sample measurement traces.
Calibrate the instrument and system (see Note 3).

5) Measure and record the maximum and minimum values of
the near end connector impedance.

Cable absolute impedance 1) Minimize skew (see Note 1). 100-Q

2) Set the Time Domain Reflectometer (TDR) pulsers in H10-%
differential mode with a positive going pulse (V+) and a
negative going pulse (V-). Define a reflected differential
trace: Vdiff = V+ - V-,

3) With the TDR connected to the risetime reference trace
verify an input risetime of 70 ps (measured 20 % to.80/%
V,). Filtering may be used to slow the system down, (see
Note 2).

4) Connect the TDR to the sample measurement traces.
Calibrate the instrument (see Note 3).

5) Measure and record maximum and minimum cable
impedance values in the first 500 ps-of{cable response
following any vestige of the conneetor/response.

Cable pair matching 1) Set the Time Domain Reflectometer (TDR) to differential +5Q
mode.

2) With the TDR connected to the-risetime reference traces
verify an input risetime of Z0 ps (measured 20 % to 80 %
V,). Filtering may be uséd'to slow the system down (see
Note 2).

3) Connect the TDR to the sample measurement traces.
Calibrate the instrument and system (see Note 3).

4) Measure and record the singleended cable impedance of
each cable within a pair Measure and record maximum
and minimum cable impedance values in the first 500 ps
of cable response following any vestige of the connector

response.
5) The parameter then equals Linelim, = Lin€2imp.
Common mode impedance 1)..Set two TDR pulsers to produce a differential signal. 25 Qto 40 Q

2)\'Minimize skew (see Note 1).

3) With the TDR connected to the risetime reference trace
verify an input risetime of 70 ps (measured 20 % to 80 %
V,). Filtering may be used to slow the system down (see
Note 2).

4) Calibrate the TDR (see Note 3).

5) Set both TDR pulsers to produce positive going pulses.

6) Measure the even mode impedance of the first pulser.
Divide this by 2 to get the common mode impedance.

7) Do the same for the other pulser. Both values shall meet
the requirement.

Insertion-loss 1) Produce a differential signal with the signal source (see 6 dB maximum
Note 4).

2) Assure that skew between the pairs is minimized. (see
Note 1).

3) Measure and store the insertion loss (IL) of the fixturing,
using the IL reference traces provided on the board, over
a frequency range of 10 MHz to 4 500 MHz.

4) Measure and record the IL of the sample, which includes
fixturing IL, over a frequency range of 10 MHz to
4 500 MHz.

5) The IL of the sample is then the results of procedure 4
minus the results of procedure 3.
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Parameter Procedure Requirements

Crosstalk: NEXT 1) Produce a differential signal with the signal source (see -26 dB
Note 1).

2) Connect the source to the risetime reference traces.
Assure that skew between the pairs is minimized. (see
Note 1).

3) Terminate the far ends of the reference trace with loads of
characteristic impedance.

4) Measure and record the system and fixturing crosstalk.
This is the noise floor.

5) Terminate the far ends of the drive and listen lines with
1 I

=i £ + P~ H <l
loads-efcharacteristietmpedanee:
6) Connect the source to the drive pair and the receiver to
the near-end of the listen pair.
7) Measure the NEXT over a frequency range of 10 MHz to
4 500 MHz.
8) Verify that the sample crosstalk is out of the noise floor.

Rise time 1) Minimize skew (see Note 1). 85.ps

2) Set the Time Domain Reflectometer (TDR) pulsers in
differential mode with a positive going pulse (V+) and a
negative going pulse (V-). Define a reflected differential
trace on the receive channels as: Vgis = V+ -V-.

3) With the TDR connected to the risetime reference trace
measure and record the input risetime. Verify that the
input risetime is between 25 ps to 35 ps (meastred 20 %
to 80 % V,) (see Note 2).

4) Remove the reflected trace definition.

5) Connect the TDR to the sample meastrement traces.

6) Define a differential trace on the receive channels as: Vyiis
=V+ - V-

7) Measure (measured 20 % to 80.% V,) and record the
output risetime.

Inter-symbol Interference K - 28.5 signal source running-at 1.5 Gbit/s. The average 50 ps
position of zero crossing should not move more than the maximum
specified value.

Intra-Pair Skew 1) Set one of the Time:Domain Reflectometer (TDR) pulsers 10 ps

in differential mode-with a positive going pulse (V+) and a maximum
negative going pulse (V-).

2) With the TDR\connected to the risetime reference trace
verify an-input risetime of 70 ps (measured 20% to 80%
V,). Filtéring may be used to slow the system down (see
Note™2):

3) Measure propagation delay (50% of V,) of each line in a
pair'single-endedly. The skew equals the difference
between each single ended propagation delay.

NOTE 1 Time domain meagurement equipment allows for delay adjustment of the pulses so launch times can
be synchronized. Frequency~domain equipment requires the use of phase matched fixturing. The fixturing
skew should be verified-to_be <1 ps on a TDR.

NOTE 2 The systemtisetime is to be set via equipment filtering techniques. The filter risetime is significantly
close to the stimulus_risetime. Therefore the filter programmed equals the square root of (t;(observed))squared —
(f:(simuis)) Squared, /After filtering, verify the risetime is achieved using the risetime reference traces on the
PCB fixture.

NOTE 3 (Lalibrate the system by substituting either precision 50 Q loads or precision air lines (also
terminated,in 50 Q loads) for the test fixture. This places the calibration plane directly at the input interface of
the testfixture.

NOTE. 4 A network analyzer is preferred. If greater dynamic range is required a signal generator/ spectrum
analyzer may be used. Differential measurements require the use of a four port network analyzer although

baluns or hybrid couplers may be used.
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Table 6 is the connector housing and contact electrical requirements.

Table 6 — Housing and contact electrical parameters, test procedures and requirements

Parameter

Procedure

Requirement

Insulation resistance

IEC 60512-3-1
After 500 VDC for 1 min, measure the
insulation resistance between the

adjacent contacts of mated and
unmated connector assemblies

1 000 MQ minimum

Dielectric withstanding
voltage

IEC 60512-2-2 Method B

Test between adjacent contacts of
mated and unmated connector
assemblies.

The dielectric shall withstand
500 VAC for 1 min at sea level:

Low level contact resistance
(LLCR)

IEC 60512-2-1

Subject mated contacts assembled in
housing to 20 mV maximum open circuit at
100 mA maximum.

e Initially 30 mQ maximum.
. Resistance increase

15 mQ maximum after
stress

Contact current rating
(Power segment)

. Mount the connector to a test
PCB

. Wire power pins P1, P2, P8 and
P9 in parallel for power

. Wire ground pins P4, P5, P6, P10
and P12 in parallel for return

. Supply 6 A total DC current to the
power pins in parallel, returning
from the parallel ground pins_ (P4,
P5, P6, P10 and P12)

. Record temperature rise when
thermal equilibrium istreached

1.5 A per pin minimum.

The temperature rise above
ambient\shall not exceed 30 °C
at any\point in the connector
whefictontact positions are
poWered. The ambient
condition is still air at 25 °C.
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14.2.7.4 Mechanical and environmental requirements

Table 7 lists the mechanical parameters and requirements, while Table 8 lists
environmental and reliability tests and requirements.

Table 7 — Mechanical test procedures and requirements

the

Test description Procedure Requirement
Visual and IEC 60512-1-1 Meets product drawing requirements.
dimensional Visual, dimensional and functional
inspections per applicable quality inspection
p:all.
Cable pull-out IEC 60512-17-3 Condition A No physical damage

Subject a Serial ATA cable
assembly to a 40 N axial load for a
minimum of 1 min while clamping
one end of the cable plug.

Cable flexing For round cable: EIA 364-41 | No physical damage. No discontinuity over
Condition | 1 pus during flexing.

Dimension x = 3.7 x cable dia-
meter, 100 cycles in each of two

planes.
For flat cable: EIA 364-41
Condition 1l
250 cycles using either Method 1
or 2.
Insertion force IEC 60512-13-2 45 N maximuim

Measure the force necessary to
mate the connector assemblies at
a max. rate of 12.5 mm (0.492")
per minute.

Removal force IEC 60512-13-2 10N minimum
Measure the force necessary to
unmate the connector assemblies
at maximum rate of 12.5 mm
(0.492") per minute.

Durability IEC 60512-9-1

50 cycles for internal cabled
application; 500 cycles, for
backplane/blindmaté\application.
Test done at a maximum rate of
200 cycles per. hour.

No physical damage. Meet requirements of
additional tests as specified in the test sequence in
14.2.7.6.
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Table 8 — Environmental parameters, test procedures, and requirements

Parameter Procedure Requirement
Physical shock IEC 60512-6-3 Condition H No discontinuities of 1 ps or longer
Subject mated connectors to 30 g's half-sine duration. No physical damage.

shock pulses of 11 msec duration. Three
shocks in each direction applied along three
mutually perpendicular planes for a total of 18
shocks, see Note 2.

Random vibration IEC 60512-6-4 Condition V Test letter A No discontinuities of 1 us longer
Subject mated connectors to 5.35 g’s RMS. 30 | duration.

minutes in each of three mutually

perpendicular planes, see Note 2.
Humidity IEC 60512-11-3 Method Il Test Condition A. See Note 1
Subject mated connectors to 96 hours at 40°
C with 90% to 95% RH.

Temperature life IEC 60512-9-2 Test Condition Il Method A. See Note 1.
Subject mated connectors to temperature life
at +85°C for 500 hours.

Thermal shock IEC 60512-11-4 Test Condition I. See Note 1.
Subject mated connectors to 10 cycles
between -55°C and +85°C.

Mixed Flowing IEC 60512-11-7, Class 2A See Note 1°
Gas Half of the samples are exposed unmated for
seven days, then mated for remaining seven
days. Other half of the samples are mated
during entire testing.

NOTE 1 Must meet IEC 60512-1-1 Visual Examination requirements, show no physical damage and shall
meet requirements of additional tests as specified in the test sequence in 14.2.7.6.

NOTE 2 Shock and vibration test fixture is to be determined by‘each user with connector vendors.

An additional requirement is listed in Table 9.

Table 9 — Additional requirement

Parameter Procedure Requirement

Flammability IEC 60512-20-2 Material certification or certificate of compliance
required with each lot to satisfy IEC 60512-20-2,
or better.

bquirements that are conSidered application-specific. It is up to users and their connecta

or example, a userywho requires a SMT connector may want to include additiond
equirements for SN connector reliability.

S Mo oo

4.2.7.5 Sample selection

amples shall be prepared in accordance with applicable manufacturers’ instructions an
hall be.selected at random from current production. Each test group shall provide at leas
00 data points for a good statistical representation of the test result. For a connector wit
dreater than 20 pins, a test group shall consist of a minimum of five connector pairs. Frop
these connector pairs, a minimum of 20 contact pairs per mated connector shall be selecte

= 0 (N =

his standard does not attempt to define the connector and cable assembly reliability

uppliers to determine if additional requirements are needed to satisfy the application needg.

=

d
t
h
n
o

and identified. For connectors with less than 20 pins, choose the number of connectors

sufficient to provide 100 data points.
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14.2.7.6 Test sequence
Table 10 shows the connector test sequences for five groups of tests.

Table 10 — Connector test sequences

Test group — A B C D E

Test or examination |

Examination of the connector(s) 1,

~|©
N

w|=
Ny N
[o2] I

5
Low-Level Contact Resistance (LLCR) 2,4

Insulation resistance 2
3

~N| o

[Jietectric withstanding voltage

urrent rating 7

sertion force 2

emoval force 8

urability 3 4 (see note) 2 (see note)

hysical shock 6

ibration 5

emperature life 3

eseating (manually unplug/plug three times) 5 5

ixed Flowing Gas 3

hermal shock 4

OTE Preconditioning, 20 cycles for the 50-durability cycle requirement, 50, €ycles for the 500-durability cycl

d

I

H

O

F

\

Humidity 5
T

H

N

Tl

N

requirement. The insertion and removal cycle is at the maximum rate of 200 cycles per hour.

]

Hor example, in Test Group A, one would perform the following tests:

1) examination of the connector(s);

2) LLCR;

3) durability;

4) LLCR;

5) examination of the connector(s),
14.3 Cable assemblies
Higure 22 illustrates how signals“and grounds are assigned in direct connect and cable
gonfigurations.

he Serial ATA cable consists of four conductors in two differential pairs. If necessary, th
able may also include~drain wires to be terminated to the ground pins in the Serial ATA cabl
bceptacle connectars"The conductor size may be 0.25 mm to 0.41 mm diameter (30 AWG t
6 AWG). The cable maximum length is one meter.

N = O —

his standard/does not specify how to construct a standard cable for a serial implementatio
f ATA. Any cable that meets the electrical requirements is acceptable. The connector an
able vendors have the flexibility to choose cable constructions and termination method
ased\oh performance and cost considerations. An example cable construction is given i
lause J.2 for informative purposes only.

OO O -

O O o

- 0 O3
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Key Key
—1 G / A G
L 1 Y - ul
HT+ = A+ 2 {\ 2 A+ - DR+
HT- A- 3 S J 3 A- DR-
1 " i ? A # N
HR- = B- 5 N 5 B- = DT-
HR+ B+ 6 -l\----------------) } 6 B+ DT+
G 7 7 G
iny X v, —
" Host Cable Cable Device
plug receptacle receptacle plug
\ AN A\ J
Host chip, PCB, Cable and Device chip, PCB,
and connector connectors and connector
-1 © ¢
HT+ [ = A+ A+ Lo = DR+
HT- A- A- DR-
N B NS
HR- - B- B- - DT-
HR+ B+ B+ DT+
G G
LT L

Direct connect

\, J A\ J
Y Y
Host chip, PCB, Device chip, PCB,
and connector and connector

Figure-22 — Signals and grounds assigned in direct connect and cabled

The power sreceptacle connector is terminated onto 1 mm2 (18 AWG) conductors that ar
donnected to the system power supply or other power sources. Five 1 mm2 (18 AWG
G
t

D — D

onducters may be used, with three conductors terminated to the nine power pins for th
nreé voltages, while the remaining two conductors connect to the six ground pins.

1474 Phy (physical layer electronics)
14.4.1 Physical plant as a system
14.41.1 General

A number of components of the system make up the system’s performance, not just by
mutually exclusively summing up the low-level error parameters detected at the bottom of the
protocol stack can be made, but also including the retry algorithms.

There are two basic classes of errors that will affect the bit-error rate performance that have
to be considered: bit-errors and burst-errors. The following clause addresses the
methodology, for in-system bit-error-rate computations.
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For in-system testing, the criteria for testing to a specified maximum frame error rate will be
addressed, using a set of reference frames, defined by a specific set of ordered test patterns
within the frame.

14.4.1.2 Test bit patterns and sequence characteristics

Test bit sequences are those bit sequences that are transmitted onto a serial link, so as to
test the serial implementation of ATA interface's jitter compliance, as well as its derived
communications-link performance.

J

nature, adds on a power basis and is measured as an RMS value. DJ is also referred ta a
gystematic jitter, and usually is introduced into the serial link due to duty cycle distertion,
power supply noise, substrate noise, or inter-symbol interference.
\
d

=

Ve will focus on various types of bit sequence patterns that emphasize low/high” transitio
ensity patterns, as well as low/high-frequency patterns.

1) Low transition density patterns are those patterns containing long runs of ones anfd
zeroes, intended to create inter-symbol interference by varying the/excursion times 4
either extreme of the differential signalling levels.

2) High transition density patterns are those patterns containing)short runs of ones anf
zeroes, also intended to create inter-symbol interference,

3) Bit patterns that contain low-frequency spectral compenents are a good test of th
input high-pass filter circuitry, more specifically, intreduced amplitude signal distortior
due to a marginal design. These bit patterns are.a better test than those bit pattern
having high-frequency spectral content.

4) Simultaneous switching output patterns are,achieved by transmitting alternating 1'
complement bit patterns (10-bits) for recovery at the receiver. These patterns creat
worst case power supply, or chip substrate; noise, and are achieved by selecting b
test pattern sequences that maximize_current extremes at the recovered bit patter|
parallel interface. These patterns induce noise into substrate supply and are a goo
test of the receiver circuitry.

5) The intent of random bit patteris is to provide those patterns containing sufficientl
broad spectral content and minimal peaking, that may be used for both componen
and system level archjtecture measurement of jitter output and bit-error-rat
performance. These patterns are also intended to be the common baseline patter
stimulus, for system/component vendor comparative testing, attributing the Transm
jitter output measurement to the component performance and not to the spectral profil
of the data pattenh used.

—_

[

1l

O35 DO h

D~ 0 D I <<

—

hese patterns may.be used for testing of the serial implementation of ATA interfaces. The
patterns are classified in two categories:

1) non-compliant patterns;
2) compliant patterns.

4
[®N

on-compliant patterns are those patterns that are used for baseline jitter measurements an
ssessment of signal quality, given specified stimulus. These patterns do not comply to th
bquired FIS formats, but are just a repeated selected set of 8b/10b characters.

4%

> Q

Compliant patterns are those specified patterns that do contain the leading SOF primitive, the
specified pattern as data content, and trailing CRC and EOF primitives. There is no
suppression of the dual-consecutive ALIGN primitive during stimulus with this class of pattern.

The test patterns illustrated in the following clauses are indicated to start with negative
running disparity for illustrative purposes only in order to convey the encoded 10b patterns
transmitted on the wire for each sequence.
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14.4.1.3 Low transition density bit pattern sequences

Low transition density bit patterns, as shown in Figure 23 below, are those patterns containing
long runs of ones and zeroes. These patterns create high-frequency jitter due to inter-symbol
interference, emphasized further when part of the composite pattern described in a later

clause.
D17.7(-) D30.7(+) D7.1(+) D14.7(+) D30.7(-) D7.6(-) D30.3(-) D30.3(+)
_ F1h FEh 27h EEh FEh C7h 7Eh 7Eh
100011 0111 100001 1110 000111 1001 011100 1000 011110 0001 111000 0110 011110 0011 100001 1100

-

density patterns (see Figure 24):

D30.3(-) D30.3(+) D30.3(-) D30.3(+) D30.3(-) D30.3(+) D30.3(-) D30:3(+)
7Eh 7Eh 7Eh 7Eh 7Eh 7Eh 7Eh 7Eh
011110 0011 100001 1100 011110 0011 100001 1100 011110 0011 100001 1100 011110 0011 100001 1100

Byte group (D30.3(+), D30.3(-)) repeat n times (n>12)

D30.3(-) D30.3(+) D30.3(-) D30.3(+) D3.7(-) D28.7(+) D37(9) D28.7(+)
7Eh 7Eh 7Eh 7Eh E3h FCh E3h FCh
011110 0011 100001 1100 011110 0011 100001 1100 110001 1110 001110 0001 110001 1110 001110 0001

Figure 23 — Low transition density pattern

4.4.1.4 High transition density bit pattern sequences

igh transition density patterns are those patterns containing’only short runs of ones anfd
eroes. Because these patterns have significant inter-symbol interference, they may be usefd
b generate high-frequency jitter. For this case there afe™wo sub-classes of high-transitiop

1) half-rate high transition density bit pattern sequence;
2) quarter-rate high transition density bit pattern sequence.

n combination of the two sub-classes of:high-transition density bit patterns will be used tp
bpresent high transition density test pattern.

D21.5(-) D21.5(-) D21.5(% D21.5(-) D21.5(-) D21.5(-) D21.5(-) D21.5(-)

— B5h B5h B5h B5h B5h B5h B5h B5h

101010 1010 101010 1010 101010.1010 101010 1010 101010 1010 101010 1010 101010 1010 101010 1010

Repeat n times (n>12)

D24.3(-)  D24.3(+).  D24.3(-)  D24.3(+) D24.3(-)  D24.3(+) D24.3(-)  D24.3(+)
78h 78h 78h 78h 78h 78h 78h 78h
110011 0011 004100”1100 110011 0011 001100 1100 110011 0011 001100 1100 110011 0011 001100 1100

Byte group (D24.3(+), D24.3(-)) repeat n times (n>12)

D10,2() D10.2(-) D10.2(-) D10.2(-) D10.2(-) D10.2(-) D10.2(-) D10.2(-)
4Ah 4Ah 4Ah 4Ah 4Ah 4Ah 4Ah 4Ah
010101 0101 010101 0101 010101 0101 010101 0101 010101 0101 010101 0101 010101 0101 010101 0101

Repeat n times (n>12)

D25.6(-) D6.1(-) D25.6(-) D6.1(-) D25.6(-) D6.1(-) D25.6(-) D6.1(-)
D9h 26h D9h 26h D9h 26h D9h 26h
100110 0110 011001 1001 100110 0110 011001 1001 100110 0110 011001 1001 100110 0110 011001 1001

Repeat n times (n>12)
Figure 24 — Half-rate / quarter-rate high transition density pattern
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14.4.1.5 Low-frequency spectral content bit pattern sequences

Bit patterns that contain low-frequency spectral components as shown in Figure 25 are a
good test of the input high pass filter circuitry, as far as introduced signal distortion, due to a

marginal design.

D11.5(-) D11.5(-) D11.5(-) D11.5(-) D11.5(-) D11.5(-) D11.5(-) D11.5(-)
_ ABh ABh ABh ABh ABh ABh ABh ABh
110100 1010 110100 1010 110100 1010 110100 1010 110100 1010 110100 1010 110100 1010 110100 1010

Repeat n times (n>12)

D11.7(-) D20.2(+)  D20.2(+)  D20.2(+)  D20.2(+)  D20.2(+)  D20.2(+)  D20.2(X)
EBh 54h 54h 54h 54h 54h 54h 54k
110100 1110 001011 0101 001011 0101 001011 0101 001011 0101 001011 0101 001011 0101 001Q4+.0101

Byte group (D30.3(+), D30.3(-)) repeat n times (n>12)

D20.2(+)  D20.2(+)  D20.2(+)  D20.7(+) D11.5(-) D11.5(-) D11.5() D11.5(-)
54h 54h 54h F4h ABh ABh ABh ABh
001011 0101 001011 0101 001011 0101 001011 0001 110100 1010 110100 1010 110100,1010 110100 1010

Figure 25 — Low-frequency spectral content pattern

4.4.1.6 Simultaneous switching outputs bit pattern sequences

1

Simultaneous switching outputs bit pattern sequences as shown in Figure 26 induce nois
into substrate supply, and is a good test of the receiver ‘circuitry. This is achieved b
transmitting alternating 1's complement bit patterns (10-bits)for recovery at the receiver.

]

D31.3()  D31.3(+)  D31.3()  D31.3(+)  D31.8(-)  D31.3(+)  D31.3()  D31.3(+)
e 7Fh 7Fh 7Fh 7Fh 7Fh 7Fh 7Fh 7Fh
101011 0011 010100 1100 101011 0011 010100 1100401011 0011 010100 1100 101011 0011 010100 1100

Repeat n times (n>512)
Figure 26 — Simultaneous switching outputs patterns

14.4.1.7 Composite bit pattern sequences

Hor the measurement of jitter, patterns should combine low-frequency, low transition densit
and high transition density patterns. All these combinations, but the Low Frequency Spectrg
Qontent class can be performed for relatively short test time intervals, for jitter an
erformance measurements)

R
The lower frequency( pattern needs to be tested for longer interval periods to be able t
dbserve the lower frequency jitter effects on the interface.

(wel

y including a‘composite set of the cited patterns, the resultant composite pattern as show

Figure 27_stresses the interface components within the link with low and high-frequenc
itter, tests\for component and various amplitude distortions due to marginal receiver inpy
ircuitryzer’interface components.

o= =

o =

=]
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Simultaneous switching outputs patterns

Repeat n times (n>512)

Half-rate/quarter-rate high transition density pattern

Repeat n times (n>12)

Low transition density pattern

Repeat n times (n>12)

Simultaneous switching outputs patterns

Repeat n times (n>12)

Low-frequency spectral content pattern

Repeat n times (n>512)

Half-rate/quarter-rate transition\density pattern

Repeat n times (n>12)

Figure 27 — Composite patterns

4.4.2 Bit error rate testing
OTE This subclause is given for information only.

4.4.2.1 General

n order to get a fair assessment of bit-error-rate performance, bit-errors, as well as burs
rrors, should be considered_separately.

- 7

D —

ote that a single bit efror has a high probability of causing a byte-wise error, or an 8b/10
ode violation error, due to the 8b/10b encoding, thus a single bit error translates to 8-bits g
0-bits of error. Each)of these occurrences are classified as "byte errors”, and these form th
asis for the bit-error-rate calculations.

O =0 =

I

missing or'an extra bit detected by the receiver translates into a series of errors that spa
cross multiple byte boundaries until bit realignment via ALIGN primitives (see 14.6), wors
gase. This'series of errors are defined as burst errors.

O = O —

—

A third type of byte wise error eX|sts where an ent|re byte is not rece|ved thls type of error i

Iayer protocol transmlssmn convenhons at the cost of additional overhead ALIGN pr|m|t|ve
sequences.

A single error may result in several related errors occurring closely together which in turn ma

y

result in multiple bit-error counts. A character might have a single bit error in it that causes a
code-violation error. A disparity error might occur on a following character, caused by the
same single error. To prevent multiple error counts from a single cause, the following concept

of an error burst is introduced.

e An “error burst” is defined as a time period 1.5 s + 0.5 s long, during which one or more
invalid transmission words are recognized. This time may be exceeded due to infrequent

unusual conditions.

e Only one error in an error burst shall be counted toward the error-burst-rate threshold.
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14.4.2.2 Error-burst-rate-thresholding measurement

The error-burst-rate thresholding process is designed to detect an increased error rate before
performance degradation becomes serious. Measurement of error-burst-rate thresholding is
accomplished by counting the number of error bursts that occur in a 5-min period, when
tested with the compliant frame patterns, defined by 14.4.1.3, but with the N parameters
extended so as to achieve the maximum frame length. When the count equals a specific
number, the threshold is exceeded. This specific number is called the “threshold error count.”

An error-burst-rate threshold is detected when 15 error bursts occur in a 5-min period. The

regaea S, Re—o——peHoa—en Sapasas Sacaas 0 e ARG A€ eSO

Q.

drror count of 15 in a 5-min period is a positive indication of the interface failing the error, fat
requirements and may be used to terminate testing. However, not reaching the threshol
should not be taken as indication that the interface is passing without also confirming'that th
ffame error rate requirements are satisfied using statistically sound measurement_techniques.
Heing under the threshold error count after a 5-min period should therefore not-be) used as
easure of system compliance.

O O

j WY

he error-burst-rate counting process will be restarted when PHY Ready state is entered, an
hen an amount of time has elapsed after a error-burst-rate threshold/is” detected. After a
drror-burst-rate threshold is detected, at least 15 additional error bursts will occur before th
ext error-burst-rate threshold is detected. In addition, the error-purst counting process ma
e restarted whenever the 5-min time period has expired even.though an error-burst-rat
threshold is not reached.

< P S5O

14.4.2.3 Bit-error-rate measurements

it error rates if measured and computed, byte-wise, should be no greater than 10-12 bit-
grrors when tested with the reference test patterns, c¢ited in 14.4.1.2

—

ote that the Frame-Error Rate measurements(constitute the basis for the applicable tes

requirements for this standard.

14.4.3 Frame error rate testing
14.4.3.1 General

rame error rate testing is the measure of link performance using all the intermediate circu
hlocks in the chain from low-level)Physical layer, Link Layer, through Transport Layer. Errg
detection is at the frame level.using the CRC (Cyclic Redundancy Check) error detection
echanism and respective-reporting to the higher layer levels.

= —+

14.4.3.2 Frame error-rate patterns
14.4.3.2.1 General

rame error rate-patterns contain the elements of the test bit patterns and sequence ¢
patterns, so a@s_-to thoroughly be able to test the serial interface in system, using the highe
Ievel CRC etror detection/reporting from the lower protocol level layers to the Application leve
layer.

—_— =  —h

heAframe patterns shall be comprised of the set of the Composite Patterns, cited in 14.4.1.7,
Hut“with the N parameters extended so as to achieve the maximum frame length. Refer t
14.7.2 for a description of Loopback Testing configurations.

O

14.4.3.2.2 Loopback test

Test patterns cited in this clause used as stimulus that may be used to verify the serial
interface compliance and signal integrity, using the following test models.

1) Non-compliant test patterns for jitter measurements, physical connection media tests,
and electrical parameter testing.
2) Compliant test patterns for frame error rate testing and in-system tests.
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14.4.4 Test requirements, non-compliant patterns

Electrical parameters of 14.4.9 shall be verified using the following set of test patterns, using

the BIST FIS, Far-End Transmit Mode, described in 16.2.8.

1) Low transition density bit patterns, as per 14.4.1.3.

2) High transition density bit patterns as per 14.4.1.4

3) Low-frequency spectral component bit patterns as per 14.4.1.5.
4) Simultaneous switching outputs bit patterns as per 14.4.1.6.

14.4.5 Test requirements, compliant frame patterns

jhe frame error rates specified in 14.4.10 shall be tested for compliance when subjected~t
ny implementation-determined worst-case compliant patterns, as well as the following-séet g
gompliant patterns.

Compliant low transition density bit patterns, as per 14.4.1.3.

Compliant high transition density bit patterns as per 14.4.1.4.

Compliant low-frequency spectral component bit patterns as per 14.4,.1:5.
Compliant simultaneous switching outputs bit patterns as per 14.4.1.6«
Compliant composite patterns as per 14.4.1.7.

gz

Where the qualifying prefix term "compliant" signifies transmission” of the cited patter
ncapsulated in the data portion of the Frame Information StructGre”and used in a the serig
mplementation of ATA operational transmission context.

)

Note that the cited patterns should appear on the wire, and-the N parameters of the referenc
patterns shall be extended to achieve the maximum frame/length. These compliant pattern
gds shown in Figure 28 contain the necessary SOF leading primitive, the calculated CRC an
the trailing EOF primitive, as shown in the figure below:

SOF Specified testpattern CRC EOF

Figure.28 — Compliant test patterns

4.4.6 Test requirements,Joopback
4.4.6.1 General

s specified in 14.7.2, only one of the three types of Loopback test schemes form part of thi
andard: Far-End Retimed Loopback. Both Far-end and Near-End Analog Loopback scheme
re classified as Mendor Specific, thus will not have specified test requirements.

> =

14.4.6.2 Testrequirements for loopback, far-end retimed

eneration\0f loopback test patterns is optional and vendor specific. As this loopback schem
eeds a-specific action from the far-end connected interface, this mode is entered by way ¢
the BIST FIS described in 16.2.8.

- O

j

O O

[

—h

his’ loophack test is intended for a relatively quick assessment of interface integrity,

accommodating an in-system test capability.

In this Far-End Retimed Loopback mode, the interface shall operate without a CRC error for

a

sustained minimum period of 1 000 ms at Gen1 speed, using the following set of compliant

reference frame patterns if the test pattern generation is supported by the initiating device.

Compliant composite reference frame patterns as specified in 14.4.3.2.
Compliant low transition density bit patterns, as per 14.4.1.3.

Compliant high transition density bit patterns as per 14.4.1.4.

Compliant low-frequency spectral component bit patterns as per 14.4.1.5.
Compliant simultaneous switching outputs bit patterns as per 14.4.1.6.
Compliant composite patterns as per 14.4.1.7.

Soerz
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Where the qualifying prefix term "compliant" signifies transmission of the cited pattern
encapsulated in the data portion of a valid Frame Information Structure and used in a the
serial implementation of ATA operational transmission context.

The Far-End Interface shall remain in this Far-End Retimed Loopback, until receipt of the
COMRESET/COMINIT OOB Signalling sequence.

14.4.6.3 Test requirements for loopback, far-end analog (vendor specific)

The test requirements for this Loopback scheme are Vendor Specific.

14.4.6.4 Test requirements for loopback, near-end analog (vendor specific)

he test requirements for this Loopback scheme are Vendor Specific.

14.4.7 Test Method for Data Rate Frequency Variation, SSC Profile

FTP and MFTP clock patterns are used to best verify the SSC profile, as weélhas the ppr
xtremes, the IS| effects due to the media will be minimized during these ltests. Using th
IST FIS, invoke the Transmit-Only option with valid 8B10B encoded patterns that ar
eriodic, such as sustained D10.2, or D24.3. These “clock” patterns may\bé processed, usin
cle-averaging techniques to verify the SSC profile, for ppm-extreméesy modulation-rate an
nsure that the SSC-modulation peak-jitter levels never exceed the specified jitter maximums|.

O O P S5

—

ycle-averaging is one method used that removes the high-frequency jitter components, d
the captured/displayed waveform so as to focus analysis on the low-frequency effects. A sg
umber of cycles is averaged for and these averages of¢Ul~periods are plotted versus timg.
or analysis purposes, the waveform of the SATA channel shall be displayed as Ul-perio
rsus Time, where the time axis shall be scaled such.that the entire SSC modulation perio
displayed.

—

o O

eparate numerical analysis shall be provided. to indicate the average Ul-periods, at the
eaks of the modulation profile. These average-Ul periods shall not exceed the ppm
xtremes, per Table 11.

hese methods are used to evaluate the"SSC profile, for profile-shape, distortions, profile-rat
nd respective peak-frequencies. The “clock patterns” are unclouded by the effects of pattern-
related ISI.

()

14.4.8 Block diagram

he following block diagram, see Figure 29, is provided as a reference for the followin
lauses of this document. Although informative in nature, the functions of the block
escribed herein provide the basis upon which the normative specifications apply. Th
individual blocks provided are representative of an approach this design and are provided a
n example of ghe’possible implementation.

OO 6«
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O)TX+
[O)TX-

>

- w
Fixed pattern T ——
source TXclock Temination
calibration
A
PHYRESET|I>—>
PHYRDY (OJ¢——
SLUMBER |I>—>
PARTIAL |I>—>
NEARAFELB|I> > Control block
FARAFELB [ | )——»
SPDSEQ:>—————>
SPDMODE {0 J¢—
SYSTEMCLOCK |I>—b
A
: Termination
COMMA @‘—I— Fixed paftern calibration
‘ l
DATAOQUT[0:n] Data
(Ol < extraction T IR+
block ~e<Rx-
RXCLOCK @<—i— Recovered clock
COMRESET/ /A1«
comnit & OOB
signal
COMWAKE {0« detector
Figure 29 — Physical plant overall block diagram
nalog front end This block is the basic interface to the transmission line. This block
consists of the high speed differential drivers and receivers as well als
the Out of Band signalling circuitry.

Controfbtock

Fixed pattern source
Fixed pattern detect

Data extraction block

TX clock

TX+ /[ TX-

Thisbiock 15 a colfection of fogic circuitry that controfs the overall
functionality of the Physical plant circuitry.

This block provides the support circuitry that generates the patterns as
needed to implement the ALIGN primitive activity.

This block provides the support circuitry to allow proper processing of
the ALIGN primitives.

This block provides the support circuitry to separate the clock and data
from the high speed input stream.

This signal is internal to the Physical plant and is a reference signal
that regulates the frequency at which the serial stream is sent via the
high speed signal path.

These signals are the outbound high speed differential signals that are
connected to the serial ATA cable.
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RX+ / RX-

DATAIN

PHYRESET

PHYRDY

SLUMBER

These signals are the inbound high speed differential signals that are
connected to the serial ATA cable.

Data sent from the Link layer to the Physical layer for serialization and
transmission.

This input signal causes the PHY to initialize to a known state and start
generating the COMRESET Out of Band signal across the interface.
Signal indicating Phy has successfully established communications.
The Phy is maintaining synchronization with the incoming signal to its
receiver and is transmitting a valid signal on its transmitter.

Causes the Physical layer to transition to the Slumber power

=

N

[ds)

(ds)

(ds)

— -

ARTIAL
EARAFELB
ARAFELB

PDSEL

PDMODE

YSTEMCLOCK

OMMA
ATAOUT
X CLOCK/

ecovered clock -

OB signal detector

OMRESET / COMINIT

OMWAKE

4.4.9- \Electrical specifications
he.serial implementation of the ATA physical layer electrical requirements are depicted i

able—H1

management state.

Causes the Physical layer to transition to the Partial jpowe
management state.

Causes the Phy to loop back the serial data stream from its tfansmitte
to its receiver.

Causes the Phy to loop back the serial data stream from its receiver tp
its transmitter.
Causes the control logic to automatically negetiate for a usable
interface speed or sets a particular interface “speed. The actue
functionality of this input is vendor specific and varies from
manufacturer to manufacturer.
Output signal that reflects the current inierface speed setting. The
actual functionality of this signal is vendor specific and varies frof
manufacturer to manufacturer.

This input is the reference clock source for much of the control circujt
and is the basis from which, the transmitting interface speed is
established.
This signal indicates that,.a“K28.5 character was detected in the
inbound high speed data.sfream.
Data received and deserialized by the Phy and passed to the Link
layer.

—

—

=}

[®N

This signal is derived from the high speed input data signal an
determines when parallel data has been properly formed at th
DATAOUT-pins and is available for transfer to outside circuitry.

This block-decodes Out of Band signal from the high speed input signa
path.

[

Host: Signal from the out of band detector that indicates the COMINIT
out of band signal is being detected.
Device: Signal from the out of band detector that indicates the
COMRESET out of band signal is being detected.

Signal from the out of band detector that indicates the COMWAKE ol
of band signal is being detected.

—

=)

The electrical performance is specified at the mated connector pair and includes the effects of
the PCB.

The electrical portion of the physical layer includes the driver, receiver, PCB and mated
connector pair. Unless otherwise specified, all measurements shall be taken through the
mated connector pair. Driver and receiver designs compensate for the effects of the path
to/from the 1I/O connector. The receiver schematic shown in Figure 32 or the transmitter
schematic shown in Figure 31 shall be used to design a test fixture.
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Table 11 — Physical Layer Electrical Requirements

Nom. Min. Max. Units Comments

T.Ul 666.43 670.12 ps Operating data period (nominal value architecture

specific)
trise 0.3 0.15 0.41 ul 20 % to 80 % at transmitter
tran 0.3 0.15 0.41 ul 80 % to 20 % at transmitter

Common mode DC level measured at receiver
connector. This spec only applies to direct-connect
Vem,oc 250 200 450 mV designs or designs that hold the common-mode\level.
AC coupled designs may allow the common'mede to
float. See Vcm ac coupled requirements.

X

Open circuit DC voltage level of eagh’signal in the T
pair at the IC side of the couplingncapacitor in an AQG
coupled PHY. This requirement shall be met during
all possible power and electrical‘conditions of the
PHY including power off and-power ramping.

Transmitter common maode DC levels outside this
Ve ac couptea TX 0 2.0 \Y; range may be used provided that the following is mef:
The common mode Voltage transients measured at
the TX pins of the connector into an open-circuit load
during all power_states and transitions shall not
exceed a +20 V or -2.0 V change from the CM valus
at the beginhing of each transient. Test conditions
shall inefude system power supply ramping at the
fastestpossible power ramp.

Open circuit DC voltage level of each signal in the
RX pair at the IC side of the coupling capacitor in an
AC coupled PHY. Shall be met during all possible
power and electrical conditions of the PHY including
power off and power ramping.

Receiver common mode DC levels outside this rang¢
may be used provided that the following is met: The
Vem,ac coupled RX 0 2.0 v common mode voltage transients measured at the
RX pins of the connector into an open-circuit load
during all power states and transitions shall not
exceed a +2.0 V or

-2.0 V change from the CM value at the beginning of
each transient. Test conditions shall include system
power supply ramping at the fastest possible power
ramp

All receivers shall be able to tolerate sinusoidal
Fewm 2 200 MHz common-mode noise components inside this
frequency range with an amplitude of Vcm ac.

Maximum time for common-mode transients to settlg
Tsettle,cM 10 ns to within 10 % of DC value during transitions to and
from the idle bus condition.

Vad TX 500 400 600 mVp-p szjo mV differenti?l nomi_rjal_. IMeasured at Serial
ATACUINTTITULOT UTT tUraristimt STUT
+200 mV differential nominal. Measured at Serial
Vair, RX 400 325 600 MVP-P | ATA connector on receive side
TX pair As seen by a differential TDR with 100 ps (max) edge
differential 100 85 115 Q looking into connector (20 % to 80 %). Measured with
impedance TDR in differential mode.
RX pair As seen by a differential TDR with 100 ps (max.)
differential 100 85 115 Q edge looking into connector (20 % to 80 %).

impedance Measured with TDR in differential mode.
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Nom. Min. Max. Units Comments
As seen by TDR with 100 ps (max) edge looking into
connector (20 % to 80 %).
TDR set to produce simultaneous positive pulses on
both signals of the TX pair. Single-ended impedance
TX single-ended 40 0 is the resulting (even mode) impedance of each
impedance signal. Both signals shall meet the single ended
impedance requirement.
Shall be met during all possible power and electrical
\.;Ulld;t;ullo Uf thc P: :\II ;IIU:Ud;IIg PUVVCI Uff all\]I 'JUVVCI
ramping.
As seen by TDR with 100 ps (max.) edge looking intp
connector (20 % to 80 %).
TDR set to produce simultaneous posifivé pulses on
both signals of the RX pair. Single-endgd impedance
RX single-ended 40 0 is the resulting (even mode) impedance of each
impedance signal. Both signals shall meetthe single ended
impedance requirement.
Shall be met during all possible power and electrical
conditions of the PHY .including power off and power
ramping.
CACcoupling 12 nF %)(uph_ng capacitance value for AC coupled TX and
pairs.
Specifies'the allowed ppm tolerance for TX DC
TX DC clock -350 +350 m frequency variations around the nominal 1.500 GHz.
frequency skew PP Excludes the +0/-5 000 ppm SSC downspread AC
modulation per 14.5.3.
Specifies the allowed ppm extremes for the SSC AC
modulation, subject to the “Downspread SSC”
TX AC clock -5 000 +0 m triangular modulation (30kHz to 33kHz) profile per
frequency skew pp 14.5.3. Note: Total TX Frequency variation around
nominal 1.500G, includes [TX DC] + [TX AC] ppm
variations.
TX differential 20 ps (Nominal value architecture specific)
skew
Squelch detector - . . . .
threshold 100 50 200 mVp-p | Minimum differential signal amplitude
COMRESET/CO . . . .
MINIT detector 175 595 ns D(_etector ‘s.hall_reject all bursts with spacings outside
this specification.
off threshold
COMRESET/CQ . . .
MINIT detectdr 320 304 336 ns Dgtecto_r shall detect all bursts with spacings meeting
this period.
on threshold
COMRESET/CO . . .
MINI T transmit 320.0 310.4 329.6 ns As measu_red from 100 mV differential crosspoints o
) last and first edges of bursts.
spacing
COMWAKE . . . .
detector off 55 175 ns D(_etector _s_hall_reject all bursts with spacings outside
this specification.
threshold
COMWAKE . . .
detector on 106.7 101.3 112 ns Det_ector shall detect all burst spacings meeting this
period.
threshold
COMW_AKE _ 106.7 103.5 109.9 ns As measured_ from 100 mV differential crosspoints
transmit spacing from last to first edges of bursts.
UIOOB 646.67 686.67 ps tOperatl_ng_data period during OOB burst
ransmission.
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14.4.10 Frame error-rate measurements

Frame Error Rates of a system shall be measured and computed, to be no greater than
(8.196x10°) frame errors when tested with any given 8b/10b pattern, but shall include the
Frame-Error-Rate reference patterns cited in 14.4.3

The cited patterns appear on the wire, and the N parameters of the reference patterns shall
be repeated to achieve the maximum frame length, as specified in 14.4.3.2

14.4.11 Receiver Differential voltage

€n subjected 1o the high-iransition density paiierns o 4. T.4, the Diferential voliag
easured at the Receiver shall comply to the electrical specifications of 14.4.9.
14.4.12 Receiver Common-mode voltage
eferences to peak-to-peak voltages are cited in 14.4.9.

he Receiver shall operate to within the bit error rates cited in 14.4.2, whep 'stbjected to
inusoidal interfering signal with peak-to-peak voltage, see Table 11, and “swept from th
ffequency range extremes, at a sweep rate period no shorter than 33.33 |is;

[C2EY)

he Receiver shall operate to within the frame error rates cited in 14:4.3, when subjected to
inusoidal interfering signal with peak-to-peak voltage and swept.from the frequency rang
xtremes, at a sweep rate period no shorter than 33.33 pus.

(O

14.4.13 Transmitter Differential voltage

hen subjected to the high-transition density patterns_of” 14.4.1.4, the Differential voltag
easured at the Transmitter shall comply to the respegtive electrical specifications of 14.4.9.

[

14.4.14 Transmitter Common-mode voltage

Y

he Transmitter shall comply to the electrical\ specifications of 14.4.9, when subjected to
inusoidal interfering signal with peak-to-peak voltage, and swept from the frequency rangg
gxtremes, at a sweep rate period no shorter'than 33.33 pus.

4.4.15 Rise/fall times

1
Qutput rise times and fall times~are measured between 20 % and 80 % of the signal, se
g
t

— D

ignal Rise and Fall Times, Figufe 30. Rise and fall time requirements apply to differentig
ansitions, for both In-Band.and Out-Of-Band signaling.

Rise time Fall time
[ 80% 80% —
Differential e N N
datadines
20% 20%
7\ Y A
ol - P T g
P LI » T

Figure 30 — Signal rise and fall times

The rise and fall times for transmitter differential buffer lines are measured with the load
shown in Figure 31, at the transmitter mated connector pair, and shall comply with the
Electrical Specifications 14.4.9 as well as be matched within £10 % of each other to minimize
RFI emissions and signal skew.
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TX+

\‘ 50Q coax
To 50Q inputs

Serial of a high speed
ATA

differential
c Matecdt .y oscilloscope
onnector — s
Pair J 50Q coax

<

14.5.1
RJ

Vhen testing the serial interface with the specified bit pattern sequences’of 14.4.1, use the
eceiver Test fixture as shown in Figure 32.

14.5 Electrical features

+

Figure 31 — Transmit test fixture

RX+
T 50Q coax
_ From 50Q outputs
Serial of a high speed
ATA differential data
c Mate:::lt Rx . generator
onnector — 5
Pair Y 50Q coax
L

Figure 32 — Receive test fixture

Definitions

Random._jitter (peak-to-peak). Assumed to be Gaussian and equal to 14 times the 1p
r.m.s.~valle given the 10-12 BER requirement.

(72—

0J Deterministic Jitter (peak-to-peak). All jitter sources that do not have tails on thejr
probability distribution function (i.e. values outside the bounds have probability zero).
Four kinds of deterministic jitter are identified: duty cycle distortion, data dependern
(IS1), sinusoidal and uncorrelated (to the data) bounded. DJ is characterized by if
bounded, peak-to-peak value.

1J Total jitier (peak-t0-peak). Peak-to-peak measured jitter including DJ and RJ.

IS Inter-symbol interference. Data-dependent deterministic jitter caused by the time

differences required for the signal to arrive at the receiver threshold when starting
from different places in bit sequences (symbols). For example media attenuates the
peak amplitude of the bit sequence [ 0,1,0,1... ], more than it attenuates the peak
amplitude of the bit sequence [ 0,0,0,0,1,1,1,1... ], thus the time required to reach the
receiver threshold with the [ 0,1,0,1... ] sequence is less than required from the
[0,0,0,0,1,1,1,1... ] sequence. The run length of 4 produces a higher amplitude which
takes more time to overcome when changing bit values and therefore produces a time
difference compared to the run length of 1 bit sequence. When different run lengths
are mixed in the same transmission the different bit sequences (symbols) therefore
interfere with each other. ISI is expected whenever any bit sequence has frequency
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components that are propagated at different rates by the transmission media. This
translates into high-high-frequency, data-dependent, jitter.

ul Unit Interval. Equal to the time required to transmit one bit (666.667 ps for Gen1).
DC Strictly, the non-AC component of a signal. In this specification, DC means all

frequency components below fyc = 100 kHz.

Differential signal A signal derived by taking the difference between two conductors. In

Burst A short pulse of data starting from and ending with the idle condition on the interface.

this spec a differential signal is comprised of a positive conductor and a negative
conductor. The differential signal is the voltage on the positive conductor minus the
voltage on the negative conductor (i.e. TX+ — TX-).

[ds)

ZOQ O —h — =

o - O = —

These are used for low-level signalling when the high-speed communication channekis
not established.

SC Spead Spectrum Clocking. The technique of modulating the operating frequency of g
circuit slightly to spread its radiated emissions over a range of frequencies rather than
just one tone. This reduction in the maximum emission for a given frequency help|
meet FCC requirements.

[

4.5.2 Differential voltage/timing (EYE) diagram
4.5.2.1 General

he EYE diagram is more of a qualitative measurement than.a Jspecification. Any low
equency (trackable) modulation is tracked by the oscilloscope te prevent measurement errg
aused by benign EYE closure. It is also unrealistic to try 40. capture sufficient edges t
uarantee the 14 sigma RJ requirement in order to dchieve an effective 10"? BER.
onetheless, this method is useful and easy to set up in the)lab.

O =

t3-t1 is set equal to DJ+6xRJ4sigma, then less than one in every 750 edges cross the illega
pgion for a well designed transmitter. By controlling'the number of sweeps displayed, a quic
ealth check may be performed with minimal setup. Note that this criteria is informative, an
nese conditions are not sufficient to guarantee compliance, but are to be used as part of th
esign guidelines.

O O X —

..........
¥ o

.................
.............

lllegal
Region

...........
________

Figure 33 — Voltage / timing margin base diagram
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Table 12 — Voltage / timing margin definition

N3 T O — =

< -

=h 5 ]

— yis an integer from 1 to ny,
- t,is the time between the data transition at t, and a dataxtransition y*Ul bit periods
later.

his measurement may be made with an oscilloscope having a histogram function or with

iming Interval Analyzer (TIA). For further information~on jitter measurements, see 14.4.

eceiver shall meet the error rate requirement under'the maximum allowed jitter condition
bund in Figure 33, Table 12 and Table 13.

Time

s

Ao

Name Definition Notes
bitter s - 4 ty -t =tg - 1s
_ t2 - t1 = t3 - t2
T -t b-tt=t-t
Vaite Vo =V
4.5.2.2 Jitter output/tolerance mask
he spectral jitter shall comply to the requirements as indicated in the Jitter Output/Toleranc
braph, shown in Figure 34 with magnitudes defined in Table 13. A, are the maximumJpeak-tg
eak transmitter output and the minimum peak-to-peak receiver tolerance requitements a
neasured from data edge to any following data edge up to n,xUl later (where\x'is 0,1 or 2).
ee Annex .
ransmitter output data edge to data edge timing variation from t, to 4y shall not exceed th
alue computed by the following:

D1 D

()

(725 =)

v

No ny

Figure 34 — Jitter output/tolerance mask
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14.5.2.3 Sampling differential noise budget

Sampling jitter specifications relate to the relationship between the sampling clock and the
data. Any phase error that results in the sample being improperly read (i.e. prior bit or
following bit sampled) results in a bit error.

These error components have been broken out into Deterministic Jitter (DJ) and Total Jitter
(TJ) where appropriate. DJ is the peak-to-peak phase variation in the 0 Vg crossing point of
the data stream that is fixed given any specific set of conditions. TJ is defined as DJ +
Random Jitter (RJ). RJ is defined as 14 times the rms (1 sigma) value of the jitter that is

Coneeion (normal)
S R ReHREH)-

Tihe serial interface jitter characteristics should comply to within the jitter budget allocations
hbulated in Table 13.

—

Table 13 — Sampling differential noise budget

Driver output Driver PCB Receiver PCB Receiver Input
o (see Note 1) connector connector (see/Note 2)
Description Notes
DJ TJ DJ TJ DJ TJ DJ TJ
Aok-p (UI) 0.15 0.33 0.175 0.355 0.25 0.43 0.275 0.455 3,4
no 5 5 5 5 5 5 5 5 3,4
Aif-p (UI) 0.2 0.45 0.22 0.47 0.35 0.6 0.37 0.62 3,4
ny 250 250 250 250 250 250 250 250 3,5

NQTE 1 The driver output is the maximum jitter that a driver may exhibit to guarantee operation.
NQTE 2 This field is the maximum jitter that a receiver shall tolerate to guarantee operation.
NQTE 3 Does not include Ul error due to frequency skew(XTAL or SSC related).

NQTE 4 Primarily determined by non-tracking architecture requirements.

NQTE 5 Primarily determined by tracking architecture requirements.

14.5.2.4 Jitter output
14.5.2.4.1 General

Jitter output tests are intended to determine the jitter amplitudes of the random jitter anp
deterministic jitter compongents.

14.5.2.4.2 Jittermeasurements

Tlhe jitter specifications are based in a data transition to data transition Timing Interva
Analyzer (TIA)format. If such instrumentation is not available, equivalent measurements ma
be made with-an oscilloscope. The oscilloscope is set up to trigger on the data and an EY
iagram.is_examined some integer number of unit intervals (Ul) later. The histogram functio
ay he\uUsed to monitor the distribution of the zero crossing to extract jitter information.
igure 35 shows an example where the oscilloscope is set up to examine an edge 16 Ul awaly
fromvthe trigger point.

D T =

The DJ and RJ (or TJ) should be less than the maximum A, indicated in Figure 35 for n,= 16.
For example, assume ng is five and n4 is 250. In this case, the DJ and RJ for t¢ is less than
A; since 250 > 16 but need not meet the A, requirement since 5< 16. This method is
employed because of the ease of measurement and to enable the specification to be relaxed
at lower frequencies. If DJ is large enough, it can be fairly accurately measured from the
histogram as the distance between the two outside peaks (there may be more than the three
peaks shown in the example). If DJ and RJ are too intermixed for measurement, then other
methods are used. One such method is to transmit a clock pattern (fixed frequency
components) to determine the RJ (DJ is zero for fixed frequencies), transmit a random pattern
to measure the TJ, and derive the DJ from these. Another alternative is to wait until >>10"2
edges are included in the histogram and measure the Total Jitter (TJ).
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Since t, is triggered from the serial signal rather than a reference clock the resulting
measurements represent a combination of the jitter at fy and ¢,.

T T [ ] L[]

T

fo te
trigger

(ds)

2)

point

Histogram of
zero crosSing

Figure 35 - Jitter measurement example

14.5.3 Spread spectrum clocking (SSC)
pread Spectrum functionality is defined as follows.

1) All transmitter timings (including jitter, skew, min-max clock period, output rise/fa|

time) shall meet the existing ~non-spread spectrum specifications when sprea
spectrum is on.

Because the minimum clock (period cannot be violated, the transmitter shall adjust th
spread technique to not allow for modulation above the nominal frequency. Thi

technique is often .called “down-spreading”. An example triangular frequenc

modulation profile issshown in Figure 36. The modulation profile in a modulation perio
can be expressed-as:

e 1
(1=8)fom*+2faom- 6 from-t  when0<t<—
2f,
f=<
1 1
(1+6) fom—2From S from-t  when — <t< —
g 2f, fin

[ © M)

O O D

where

foom is the nominal frequency in the non-SSC mode,
f.n is the modulation frequency,

Jis the modulation amount, and

tis time.
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fnom =

(1'b)fnom-

0.5/fn 1/ fq

Figure 36 — Triangular frequency modulation profile

3) For triangular modulation, the clock frequency deviation (8) is required to be no mor
than 0.5 % “down-spread” from the corresponding nominal frequency, i.e., +0 %/ t
0.5 %. The absolute spread amount at the:fundamental frequency is shown i
Figure 37, as the width of its spectral distribution (between the —3 dB roll-off). The rati
of this width to the fundamental frequency‘cannot exceed 0.5 %. This parameter ca
be measured in the frequency domain using a spectrum analyzer.

5 O 3 O O

Highest peak

non-SSC
SSC

-—— O of from

fnom

Figure 37 — Spectral fundamental frequency comparison

4) To achieved sufficient system-level EMI reduction, it is desired that SSC reduce the
spectral peaks in the non-SSC mode by the amount specified in Table 14. The peak
reduction A is defined, as shown in Figure 37, as the difference between the spectral
peaks in SSC and non-SSC modes at the specified measurement frequency.
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Table 14 — Desired peak amplitude reduction by SSC

Clock frequency Peak reduction A Measurement frequency
66 MHz 7 dB 466 MHz (7‘h harmonics)
75 MHz 7 dB 525 MHz (7‘h harmonics)

this relative measurement gives the component-level indication of SSC’s EMI reduction capability at-thje
system level.

NOTE 2 It is recommended that a spectrum analyzer be used for this measurement. The(spectru
analyzer should have measurement capability out to 1 GHz. The measured SSC clock needs topbe’fed info
the spectrum analyzer via a high-impedance probe compatible with the spectrum analyzer, The outpyt
clock should be loaded with 20 pF capacitance. The resolution bandwidth of the spectrump.analyzer needs
to be set at 120 kHz to comply with FCC EMI measurement requirements. The video band-needs to be s¢t
at higher than 300 kHz for appropriate display. 100 kHz may be used as the resolutiopbandwidth in casje
of measurement equipment limitation. The display should be set with maximum hold¢ The correspondinyg
harmonic peak readings should be recorded in both the non-SSC and the SSC madés, and be compared fo
determine the magnitude of the spectral peak reduction.

5) The modulation frequency of SSC is required to be in the nange of 30 kHz to 33 kHz tp
avoid audio band demodulation and to minimize system timing skew.

4.5.4 Common-mode biasing

—

cenarios to be considered when applying the DC_bias to TX and RX designs. Only DQ
oupled designs need sustain the specified 250  mV common-mode level to ensurg
interoperability.

1
Tlhe serial interface supports both direct coupled and ‘AC-coupled solutions, there are fol
S
c

A DC-coupled receiver (with no blocking capacitors) shall bias the common-mode level of its
imnputs to 250 mV. A DC-coupled transmitter'shall transmit with the nominally specified 250 myV
mmon-mode level.

[

n AC-coupled receiver (see Tahlé11) is not required to sustain the cable side of the it
locking capacitors. Similarly, an)AC-coupled transmitter (see Table 11) is not required t
ustain the common-mode level on the cable side of its blocking capacitors.

O

14.5.5 Matching

he host adapter shathprovide impedance matching circuits to ensure termination for both its
X and RX as per the electrical parameters of Table 11.

evice periphefals shall provide impedance terminations, as per the specified parameters ip
able 11, anddmay adapt their termination impedance to that of the host.

he haostiadapter, since it is given the first opportunity to calibrate during the power o
equenece, cannot assume that the far end of the cable is calibrated yet. For this reason, th
ost adapter utilizes a separate reference to perform calibration. In cabled systems the cabl
rovides the optimal impedance reference for calibration

O O =5

Using Time Domain Reflectometry (TDR) techniques, the host may launch a step waveform
from its transmitter, so as to get a measure of the impedance of the transmitter, with respect
to the cable and adjust its impedance settings as necessary.

In a mobile system environment, where the cable is small or non-existent, the host adapter
makes use of a separate reference (such as an accurate off-chip resistor) for the calibration
phase.

The device, on the other hand, may assume that the termination on the far side (host side) of
the cable is fully calibrated, and may make use of this as the reference. Using the host
termination as the calibration reference allows the devices operating in both the desktop and
the mobile system environment to use the same hardware.
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Signals generated for the impedance calibration process shall not duplicate the OOB signals,
COMWAKE, COMINIT or COMRESET. Signals generated for the impedance calibration

process shall not exceed the normal operating voltage levels, cited in 14.4.9. See the powe
management clause for suggested times to perform calibration during power-on.

14.5.6 Out of band signalling
14.5.6.1 General

r

There are three Out Of Band (OOB) signals used/detected by the Phy, COMRESET, COMINIT
and COMWAKE. COMINIT, COMRESET and COMWAKE OOB signalling shall be achieved by

Tlable 15.

Quring OOB signaling transmissions, the differential and common mode levels of the signe
lines shall comply with the same electrical specifications as for in-band data‘transmissior

QOB signals shall be observed by detecting the temporal spacing between‘adjacent bursts g
ctivity on the differential pair. It is not required for a receiver to check the duration of an OO
urst.

ny spacing less than or greater than the COMWAKE detector off-threshold in Table 11 sha|
eassert the COMWAKE detector output. The COMWAKE OOBtsignalling is used to bring th
hy out of a power-down state (PARTIAL or SLUMBER) as‘described in 14.5.6.3.10. Th
interface shall be held inactive for at least the maximum COMWAKE detector off threshold i
able 11 after the last burst to ensure far-end detector detécts the deassertion properly. Th
evice shall hold the interface inactive no more thanithe maximum COMWAKE detector o
nreshold + 2 Gen1 DWORDs (approximately 228.3‘ns) at the end of a COMWAKE to prever
usceptibility to crosstalk.

o0 —+

i T

U v U VY
COMWAKE 4,{ }<7T1 4,{ }<7ﬂ

tfansmission of a burst of ALIGN primitives each burst being 160 Uloog. Each burstis followed
By idle periods (at common-mode levels), having durations as depicted in Figure 38nanfd

specified in 14.4.9. In Figure 38 below, COMRESET, COMINIT and COMWAKE are showr.

W =

~ —h O 25 O O

Figure 38 — Out of band signals

Table 15 — Out of band signal times

Time Value
T1 160 Uloop (106.7 ns nominal)
T2 480 Ul (320.0 ns nominal)
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14.5.6.2 Idle bus status

During the idle bus condition, the differential signal diminishes to zero while the common

mode level remains.

Common-mode transients shall not exceed the maximum amplitude levels (Vcum ac) cited in

14.4.9, and shall settle to within 25 mV of Vgpy, DC within Teewe cm, cited in 14.4.9. Annex

shows several transmitter examples and how the transition to and from the idle state may be

implemented.

4.5.6.3.1 General

1
1
Tihe following state diagrams specify the behavior of the host and device PHY from power-o
dr COMRESET to the establishment of an active communication channel.

 those states where the Phy relies on detection of received ALIGN primitives{'see 15.4.4.

4.5.6.3.2 Host power-up and COMRESET state machine

eception of a COMINIT signal shall cause the host to reinitialize cammunications with th
evice and shall unconditionally force the Host Phy state machine to transition to th
P3:HR_AwaitNoCOMINIT state regardless of other conditionsC-Reception of COMINIT i
ffectively an additional transition into the HP3:HR_AwaitNoCOMINIT state that appears i
very Host Phy state. For the sake of brevity, this implied transition has been omitted from a
e states.

— O O T O 0 =

> O O O
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. HP11:HPT2 | HP7r°m e, No Slumber from link
: & COMWAKE from
Partial from link device
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management request ﬂ .
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no COMWAKE from device
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Figure 39 — Host phy i

nitialization state machine (States HP1-HP13)
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HP1: HR_Reset state: This state is entered asynchronously when power-on reset is
asserted or when a host adapter reset request occurs.

The COMRESET sequence may be transmitted for the duration of this state, may be
transmitted during this state and cease transmition after departure from this state, or may be
transmitted upon departure from this state. The COMRESET sequence shall be transmitted
for 6 bursts or a multiple of 6 bursts, see 14.5.6.3.4.1.

Transition HP1:HP2: When power-on reset is negated and no host adapter reset is
requested, the Physical layer shall make a transition to the HP2: HR AwaitCOMINIT state.

ransition xx:HP1: When power-on reset is asserted or a host adapter reset is requesteq,
the Physical layer shall make a transition to the HP1: HR_Reset state.

P2: HR_AwaitCOMINIT state: This state is entered when power-on reset.is negate
nd host adapter reset is negated.

[oN

hen in this state the Physical layer waits for COMINIT to be asserted.

ransition HP2:HP2: When COMINIT is not asserted, the Physical/layer shall make p
transition to the HP2: HR_AwaitCOMINIT state.

ransition HP2:HP3: When COMINIT is asserted, the Physical layer shall make a transitio
tp the HP3: HR_AwaitNoCOMINIT state.

=}

P3: HR_AwaitNoCOMINIT state: This state is(éntered when the COMINIT signal i
sserted while the Physical layer is in the HR2: HR_Await COMINIT state. It is also entere
sychronously at any time in response to the receiptiof the COMINIT sequence unless powe
n reset is asserted or a host adapter reset request is asserted (in which case HP1 i
ntered).

O O’

hen in this state the Physical layer waits for COMINIT from the device to be negated.

ransition HP3:HP3: When the COMINIT signal is asserted, the Physical layer shall make p
transition to the HP3: HR_AwaitNoCOMINIT state.

ransition HP3:HP4: When the” COMINIT signal negation is detected, the Physical laye
hall make a transition to the ' HP4: HR_Calibrate state.

—

P4: HR_Calibrate(state: This state is entered when the COMINIT signal has bee
egated by the device.) Calibration is optional. If calibration is bypassed or not implemente
this state proceeds to state HP5.

O3

When in this state the Physical layer performs calibration if implemented and enabled.

Transitionn\HP4:HP4: If calibration has not completed, the Physical layer shall make p
ansitian:to the HP4: HR_Calibration state.

—

Transition HP4:HP5: When calibration has completed, the Physical layer shall make p
transitiontothe HP5- HR COMWAKE state.

HP5: HR_COMWAKE state: This state is entered when the COMINIT signal has been
negated and optional calibration is not supported or when optional calibration has been
completed or upon a host initiated wake-up.

When in this state the Physical layer shall transmit the COMWAKE sequence.

Transition HP5:HP6: After transmitting the COMWAKE sequence and when the COMWAKE
signal is negated , the Physical layer shall make a transition to the HP6: HR_AwaitCOMWAKE
state.
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Transition HP5:HP7: After transmitting the COMWAKE sequence and the COMWAKE
signal is asserted, the Physical layer shall make a transition to the HP7:
HR_AwaitNoCOMWAKE state.

HP6: HR_AwaitCOMWAKE state: This state is entered when the COMWAKE
sequence has been transmitted and the COMWAKE signal is negated.

When in this state the Physical layer shall wait for the COMWAKE signal to be asserted.

Transition HP6:HP6: If the COMWAKE signal is not asserted, the Physical layer shall make
transition to the HP6: HR_AwaitCOMWAKE state.

ransition HP6:HP7: When the COMWAKE signal is asserted, the Physical layer shal
ake a transition to the HP7: HR_AwaitNoCOMWAKE state.

P7: HR_AwaitNoCOMWAKE state: This state is entered when the5yCOMWAK
ignal has been asserted.

hen in this state the Physical layer shall wait for the COMWAKE signal to)be negated.

ransition HP7:HP7: When the COMWAKE signal is asserted,the Physical layer shal
ake a transition to the HP7: HR_AwaitNoCOMWAKE state.

ransition HP7:HP8: When the COMWAKE signal is negated, the Physical layer shall makpe
transition to the HP8: HR_AwaitAlign state.

P8: HR_AwaitAlign state: This state is entered when the COMWAKE signal is
egated.
When in this state the Physical layer shall start.transmiting D10.2 characters at the lowesgt

—

ate no later than 533ns (20 nominal Gen1 DWORD Times) after COMWAKE is negated by
he device (see 14.5.6).

—

ransition HP8:HP9: When the ALIGN primitive is detected from the device, the Physica
yer shall make a transition to the-HP9: HR_Adjust Speed state. Host designers should b
ware that the device is allowed-53.3 ns (2 nominal Gen1 DWORD Times ) after terminatin
the COMWAKE sequence (by holding the idle condition for more than the COMWAKE detectd
ff threshold maximum, see _Table 11) to start sending characters. Until this occurs, the bus i
in idle condition and may be susceptible to crosstalk from other sources. Care should b
taken so that crosstalk (during this window does not result in a false detection of an ALIG
rimitive. For examplé,ja compliant host may detect the negation of the COMWAKE sequenc
in as little as COMWRAKE detector on threshold maximum (see Table 11), such a host shoul
wait at least 116:3)ns (the COMWAKE detector off threshold maximum, plus 2 nominal Gen
OWORD times,\plus COMWAKE detector on threshold maximum (116.3 ns = 175 + 53.3
112) after deiecting the release of the COMWAKE signal to start looking for ALIGNs.

el |

1T — O 0 200 O s« 0 —

Transition” HP8:HP1: If the ALIGN primitive is not detected from the device and 873.8
(B2768  nominal Gen1 DWORD Times ) have elapsed, the Physical layer shall make
transition to the HP1: HR_Reset state. The host shall retry the power-on sequence indefinitely
lliUbb U)\Pilbltiy tuuluu' Uff by “IG appiibatiun idyUI. Thc iIUbt P;Iy btdtﬂ Illdb;lillc midy ust til
transition to HR_Reset as a method of speed negotiation.

D

Transition HP8:HP8: When the COMWAKE signal is not asserted and less than 873.8 us
(32 768 nominal Gen1 DWORD times ) have elapsed, the Physical layer shall make a
transition to the HP8: HR_AwaitAlign state.

HP9: HR_AdjustSpeed state: This state is entered when the ALIGN primitive has
been detected. The interface is undefined, but not quiescent.

When in this state the Physical layer shall complete the transition to the appropriate speed.
Some implementations may undergo a transient condition where invalid signals are
transmitted during the change in their internal transmission/reception speed. The host may
transmit invalid signals for a period of up to 563.3 ns (2 nominal Gen1 DWORD times ) during
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the speed transition. Transmit jitter and unit interval timing requirements may not be met
during this period but shall be met for all other bits transmitted in this state. A phase shift may
occur across the speed transition time.

Transition HP9:HP10: When the appropriate speed transition has completed, the Physical
layer shall make a transition to the HP10: HR_SendALIGN state.

Transition HP9:HP9: If the appropriate speed transition has not completed, the Physical
layer shall make a transition to the HP9: HR_AdjustSpeed state.

FP1U: HR_SendALIGN state: This state Is entered when the appropriate speed Is sef|

hen in this state the Physical layer shall transmit the ALIGN primitive.

ransition HP10:HP11: When three back-to-back non-ALIGN primitives have been-receivef
ffom the device, the Physical layer shall make a transition to the HP11: HR_Ready-state. Nor
LIGN primitives can be detected by the presence of the k28.3 control charagter in the byte
osition.

O

ransition HP10:HP10: If three back-to-back non-ALIGN primitives have not been receivefd
ffom the device, the Physical layer shall make a transition to the HPA0: HR_SendALIGN statgq.
he host retries indefinitely unless explicitly turned off by the application layer.

P11: HR_Ready state: This state is entered when ndn-ALIGN primitives have beep
received from the device.

hen in this state the Physical layer shall transmit<thé words provided by the Link layef.
HYRDY shall be asserted when in this state, and the_.Phy is maintaining synchronization with
the incoming signal to its receiver and is transmitting a valid signal on its transmitter.

ransition HP11:HP12: When the Partial signal is asserted from the Link layer, the Physicz
layer shall make a transition to the HP12: HR> Partial state.

ransition HP11:HP13: When the Slumber signal is asserted from the Link layer, the
hysical layer shall make a transitionito the HP13: HR_Slumber state.

ransition HP11:HP11: When'neither the Partial nor Slumber signal is asserted from the
ink layer, the Physical layertshall make a transition to the HP11: HR_Ready state.

=)

P12: HR_Partial state: This state is entered when the Partial signal is asserted fror
the Link layer.

hen in this state-the Physical layer shall enter the Partial power mode state. The interface is
uiescent in this state.

ransition, HP12:HP5: When the Partial signal is negated from the Link layer and the
OMWAKE signal is not asserted, the Physical layer shall make a transition to the HP§:
R_COMWAKE state. The host Phy shall remember if the COMWAKE signal was detecte

uring Partial to determine if the wakeup request originated from the host or the Phy. (Se
ate DP4 and DP6 in 14.56.3.3.)

[oN

()

Transition HP12:HP7: When the Partial signal is negated from the Link layer and the
COMWAKE signal is asserted, the Physical layer shall make a transition to the HP7:
HR_AwaitNoCOMWAKE state. The host Phy shall remember if the COMWAKE signal was
detected during Partial to determine if the wakeup request originated from the host or the Phy.

Transition HP12:HP12: When the Partial signal is asserted from the Link layer, the Physical
layer shall make a transition to the HP12: HR_Partial state.

HP13: HR_Slumber state: This state is entered when the Slumber signal is asserted
from the Link layer.


https://standardsiso.com/api/?name=63d4f8da6b106ef7e81ebb174d630899

- 82 - 24739-3 © ISO/IEC:2010(E)

When in this state the Physical layer shall enter the Slumber power mode state. The interface
is quiescent in this state.

Transition HP13:HP5: When the Slumber signal is negated from the Link layer and no
COMWAKE sequence is received from the device, the Physical layer shall make a transition
to the HP5: HR_COMWAKE state. The host Phy shall remember if the COMWAKE signal was
detected during Slumber to determine if the wakeup request originated from the host or the
Phy. (See state DP4 and DP6 in 14.5.6.3.3.) The host Phy may take this transition only after it
has recovered from slumber mode and the Phy is prepared to initiate communications. If the
Phy has not yet recovered from the slumber mode it shall remain in this state.

ransition HP13:HP7: When the Slumber signal is negated from the Link layer and
OMWAKE sequence is received from the device, the Physical layer shall make a transitio
the HP7: HR_AwaitNoCOMWAKE state. The host Phy shall remember if the COMWAK
ignal was detected during Slumber to determine if the wakeup request originated-from th
ost or the Phy. (See state DP4 and DP6 in 14.5.6.3.3.) The host Phy may take‘this transitio
nly after it has recovered from slumber mode and the Phy is prepared to initiat
mmunications. If the Phy has not yet recovered from the slumber mode it shall remain i
this state.

= N ¢ e B €2 | Qe V)

ransition HP13:HP13: When the Slumber signal is asserted (from the Link layer, the
hysical layer shall make a transition to the HP13: HR_Slumber state.

14.5.6.3.3 Device power-up and COMRESET state machine

eception of a COMRESET signal shall be treated by thé device as a hard reset signal angd
hall unconditionally force the Device Phy state machiné to transition to the DP1:DR_Rese
imitial state regardless of other conditions. Receptionof the COMRESET signal is effectively
n additional transition into the DP1:DR_Reset state‘that appears in every Device Phy state.
Hor the sake of brevity, this implied transition has'been omitted from all the states.

—
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Figure 40 — Device phy initialization state machine (States DP1-DP12)

An additional transition into the DP1:DR_Reset state that appears in every state in the Device

Phy Initialization state, see Figure 40. For the sake of brevity, this implied transition has been
omitted from all the states.
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DP1: DR_Reset state: This state is entered asynchronously at power-on or when the
COMRESET sequence is detected from the host.

Transition DP1:DP2: When the COMRESET signal is not asserted and power-on reset is
negated, the Physical layer shall make a transition to the DP2: HR_COMINIT state.

Transition xx:DP1: When the COMRESET signal is asserted or power-on reset is asserted,
the Physical layer shall make a transition to the DP1: DR_Reset state.

DP2: DR COMINIT state: This state is entered when the COMRESET signal is not
asserted and power-on reset is negated.

=

hen in this state the Physical layer transmits the COMINIT sequence. The GOMINI
sequence shall be transmitted for a 6 burst duration. The COMINIT sequencejshall b
transmitted for 6 bursts or a multiple of 6 bursts.

()

ransition DP2:DP3: When the COMINIT sequence has been transmitted, the Physica
layer shall make a transition to the DP3: DR_AwaitCOMWAKE state.

P3: DR_AwaitCOMWAKE state: This state is entered whenthe' COMINIT sequencg
as been transmitted.

hen in this state the Physical layer waits for the COMWAKE signal to be asserted.

ransition DP3:DP3: If the COMWAKE signal has not-been asserted, the Physical laye
shall make a transition to the DP3: DR_AwaitCOMWAKE state.

—

ransition DP3:DP4: When the COMINIT signal has’been asserted, the Physical layer sha
ake a transition to the DP4: HR_AwaitNoCOMWAKE state.

P4: DR_AwaitNoCOMWAKE state::'This state is entered when the COMWAK
signal has been asserted.

hen in this state the Physical layer_ waits for the COMWAKE signal to be negated.

ransition DP4:DP4: If the COMWAKE signal is asserted, the Physical layer shall make p
transition to the DP4: DR_AwaitNoCOMWAKE state.

ransition DP4:DP5: When the COMWAKE signal has been negated and the power-op
reset sequence is being executed, the Physical layer shall make a transition to the DP§:
Galibrate state. The device shall remember if it was sent to partial or slumber mode for prope
akeup action. Calibration is optional. If bypassed or not implemented, proceed directly t
)P6: DR_COMWAKE.

O =

ransition DP4:DP6: When the COMWAKE signal has been negated and the return fror
gartial or¢slumber sequence is being executed, the Physical layer shall make a transition t
the DP6:-DR_COMWAKE state. The device shall remember if it was sent to partial or slumbs
ode for proper wakeup action.

- O 2D

DP5:- DR Calibrate—state:—TFhis—state—is—entered-when—the MAAKE—sigrat-hasbee h

negated and optional calibration is supported.

When in this state the Physical layer shall perform calibration. Calibration is optional. If
bypassed or not implemented, proceed directly to DP6: DR_COMWAKE.

Transition DP5:DP5: If calibration has not completed, the Physical layer shall make a
transition to the DP5: DR_Calibration state.

Transition DP5:DP6: When calibration has completed, the Physical layer shall make a
transition to the DP6: DR_COMWAKE state.


https://standardsiso.com/api/?name=63d4f8da6b106ef7e81ebb174d630899

24739-3 © ISO/IEC:2010(E) -85 -

DP6: DR_COMWAKE state: This state is entered when the COMWAKE signal has
been negated and optional calibration is not supported or when optional calibration has been
completed.

When in this state the Physical layer shall transmit the COMWAKE sequence.

Transition DP6:DP7: After transmission of the COMWAKE sequence, the Physical layer
shall make an unconditional transition to the DP7: DR_SendALIGN state.

DP7: DR SendALIGN state: This state is entered when the COMWAKE signal has
heen transmitted by the Physical layer.

hen in this state the Physical layer shall transmit the ALIGN primitive. The ALIGN primitive
shall be transmitted at the fastest supported speed first. ALIGNs shall be transmitted.only gt
alid frequencies (if PLL not locked, send D10.2). After the COMWAKE signal is(released as
specified in 14.5.6, the device shall ensure the interface is active (transmitting ©10.2 if PLL
ot locked, or ALIGNSs, not quiescent). The device shall not leave the bus idle ‘for more than
33.3 ns (2 nominal Gen1 DWORD Times) longer than the required COMWAKE detector off
threshold maximum (see Table 11) to negate COMWAKE.

ransition DP7:DP7: |If the ALIGN primitive is not detected friom the host and ALIG
grimitives have been transmitted by the Phy for less than 54.6 us. (2048 nominal Gen1 ALIG
grimitives) the Physical layer shall make a transition to the DP7:'DR_SendALIGN state.

<

ransition DP7:DP8: |If the ALIGN primitive is not detected from the host and ALIG
grimitives have been transmitted by the Phy for 5446 us (2048 nominal Gen1 ALIG
grimitives) at speed other than the lowest, the Physical layer shall make a transition to th
[J)P8: DR_ReduceSpeed state. The device shall not'leave the bus idle for more than 53.3 n
(R nominal Gen1 DWORD Times) longer than the“required 175 ns to negate COMWAKE.

this is part of device initiated recovery from the ‘Slumber or Partial power management statsg
the device Phy shall resume at the speed prgviously negotiated and shall not reduce its spee
response to failure to establish communications (see transition DP7:DP9).

— 0 D & &

o

ransition DP7:DP9: If the ALIGN primitive is not detected from the host and ALIG
primitives have been transmitted.\\by the Phy for 54.6 us (2048 nominal Gen1 ALIG
drimitives) at the lowest speed, ythe Physical layer shall make a transition to the DPY:
[)R_Error state. The device shall not leave the bus idle for more than 53.3 ns (2 nominal Gen
JWORD Times) longer than:the required COMWAKE detector off threshold maximum (se
able 11) to negate COMWAKE. If this is part of device initiated recovery from the Slumber @
Hartial power managenient state, the device Phy shall resume at the speed previousl
egotiated and shallnet reduce its speed in response to failure to establish communications.

. 2

< = D — .

ransition DP7:DP10: When the ALIGN primitive is detected from the host (device locked tp
incoming data),“the Physical layer shall make a transition to the DP10: DR_Ready statq.
[Jevice designers should be aware that the host is allowed 533 ns (20 nominal Gen1 DWORD
imes) after detecting the negation of COMWAKE to start sending D10.2 characters. Until thifs
dccurs;.the bus is in idle condition and may be susceptible to crosstalk from other sourcesg.
Garesshould be taken so that crosstalk during this window does not result in a false detectiop
af an A N primitive, Devices may extend this timeout up to an additional 54.6 | 04B
nominal Gen1 DWORD Times), for a maximum total of 109.2 us, as necessary to allow their
receiver time to lock to the host ALIGN.

DP8: DR_ReduceSpeed state: This state is entered when the ALIGN primitive is not
detected from the host and ALIGN primitives have been transmitted by the Phy for 54.6 us
(2 048 nominal Gen1 ALIGN primitives) at speed other than the lowest.

When in this state the Physical layer shall transition to a slower speed.

Transition DP8:DP7: When the appropriate speed transition has completed, the Physical
layer shall make a transition to the DP7: DR_SendALIGN state. Transition to a new speed is
defined as being complete when the device is accurately transmitting a valid signal within the
defined signalling tolerances for that speed.
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Transition DP8:DP8: If the appropriate speed transition has not completed, the Physical
layer shall make a transition to the DP8: DR_ReduceSpeed state.

DP9: DR_Error state: This state is entered when the ALIGN primitive is not detected

from the host and ALIGN primitives have been transmitted by the Phy for 54.6 us (2 048
nominal Gen1 ALIGN primitives) at the lowest speed, or the previous negotiated speed failed
to resume from a power state.

Transition DP9:DP9: When the error is not due to failure to resume, the Physical layer shall
make a transition to the DP9: DR _Error state.

|V

ransition DP9:DP6: If the error is due to failure to resume, the Physical layer shall make
transition to the DP6: DR_COMWAKE state.

P10: DR_Ready state: This state is entered when ALIGN primitivesOliave beep
received from the host.

hen in this state the Physical layer shall transmit the words provided by the Link laye
HYRDY shall be asserted when in this state and the Phy is maintaining\synchronization wit
the incoming signal to its receiver and is transmitting a valid signal on\its-fransmitter.

> .

ransition DP10:DP11: When the Partial signal is asserted fromi-the Link layer, the Physica
yer shall make a transition to the DP11: DR_Partial state.

Transition DP10:DP12: When the Slumber signal is asserted from the Link layer, the
Rhysical layer shall make a transition to the DP12: DR_Slumber state.

Transition DP10:DP10: When neither the Partial“hor Slumber signal is asserted from the
Link layer, the Physical layer shall make a transition to the DP10: DR_Ready state.

DP11: DR_Partial state: This state is éntered when the Partial signal is asserted from
ne Link layer.

—

When in this state the Physical layer shall enter the Partial power mode state.

Transition DP11:DP6: When the:Partial signal is negated from the device Link layer t
'Jﬂtiate a resume from partial, and"no COMWAKE is detected from the host, the Physical laysg
hall make a transition to the DP6: DR_COMWAKE state.

O

—

Transition DP11:DP4: ( When the Partial signal is negated from the device Link layer t
'srl:itiate a resume from Partial and COMWAKE is detected from the host to initiate a resum
f

LI

om Partial, the Rhysical layer shall make a transition to the DP4: DR_AwaitNoCOMWAK
ate.

Transition DR11:DP11: When the Partial signal is asserted from the Link layer, the Physic3
yer shall'make a transition to the DP11: DR_Partial state.

P127-DR_Slumber state: This state is entered when the Slumber signal is detectefd
fom, the Link layer.

When in this state the Physical layer shall enter the Slumber power mode state.

Transition DP12:DP6: When the Slumber signal is negated from the device Link layer to
initiate a resume from Partial and no COMWAKE signal is asserted, the Physical layer shall
make a transition to the DP6: DR_COMWAKE state.

Transition DP12:DP4: When the Slumber signal is negated from the device Link layer to
initiate a resume from Partial and COMWAKE is asserted, the Physical layer shall make a
transition to the DP4: DR_AwaitNoCOMWAKE state.

Transition DP12:DP12: When the Slumber signal is asserted from the Link layer, the
Physical layer shall make a transition to the DP12: DR_Slumber state.
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14.5.6.3.4 Power-up and COMRESET timing
14.5.6.3.4.1 COMRESET

COMRESET always originates from the host controller, and forces a hard reset in the device.
It is indicated by transmitting bursts (see 14.5.6) separated by an idle bus condition.

The OOB COMRESET signal shall consist of no less than six bursts, and a multiple of six
bursts, including inter-burst temporal spacing. The COMRESET signal shall be

1) sustained/continued uninterrupted as long as the hard reset is asserted or
9) started during the system hard reset and ended some time after the deassertion o

system hard reset or
3) transmitted immediately following the deassertion of the system hard reset sighal.

—

he host controller shall ignore any signal received from the device from the‘assertion
df the hard reset signal until the COMRESET signal is transmitted.

Hach burst shall be 160 Gen1 Ulgog’s long (approximately 106.7 ns) and eachtinter-burst idl
ate shall be 480 Gen1 Ulgop’s long (approximately 320 ns). A COMRESET "detector will loo
for four consecutive bursts with 320 ns spacing (nominal).

A D

ny spacing less than the COMRESET/COMINIT detector off threshold minimum time (se
able 11) or greater than the COMRESET/COMINIT detector, off’ threshold maximum tim
hall negate the COMRESET detector output. The COMRESESF interface signal to the Ph
layer will initiate the Reset sequence shown in Figure 41 _below. The interface shall be hel
imactive for at least the COMRESET/COMINIT detector off threshold maximum time after th
st burst to ensure far-end detector detects the deassertion properly.

OO D O

Higure 41 is provided for clarity and is informative.

Host

Host/ Device Host
releases
Host Host reI::\Sstes
COMRESEF i
calibrate COMWAKE

Host TX
RX
) A ™

Device A0 n
TXR()':')OSt XXX R XXX/

AXAANN
X000

L I FAN J
| 1 i |
Device Device Device
COMINIT Calibrate Align
Device Device Device
releases COMWAKE data
COMINIT

Figure 41 —- COMRESET sequence
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The following list describes the COMRESET sequence diagram.

Host/device are powered and operating normally with some form of active
communication.

Some condition in the host causes the host to issue COMRESET sequence.

Once the condition causing the COMRESET sequence is released, the host signal
puts the bus in a quiescent condition.

When the device detects the release of COMRESET sequence, it responds with a
COMINIT sequence. The device may initiate communications at any time by issuing a
COMINIT sequence.

Host calibrates and issues a COMWAKE sequence.

1

T
C

P

4.5.6.3.5 COMINIT sequence

he COMINIT sequence, see Figure 42, originates from the drive and requests
ommunication initiatization. It is executed by entering the Device phy initialization stat
diagram (see Figure 40) at the DP2: DR_COMINIT state. The following timing diagram i
rovided for clarity and is informative.

Device responds - The device detects the COMWAKE sequence on its RX pair an
calibrates its transmitter (optional). Following calibration, the device sends a six. burs
COMWAKE sequence and then sends a continuous stream of the ALIGN seguenc
starting at the device's highest supported speed. After ALIGN DWORDs haye bee
sent for 54.6 ps (2048 nominal Gen1 DWORD times) without a response_ffom the hos
as determined by detection of ALIGN primitives received from the hast) the devic
assumes that the host cannot communicate at that speed. If addjtional speeds arj
available, the device tries the next lower supported speed , byVsending ALIG
DWORDs at that rate for 54.6 us (2 048 nominal Gen1 DWORD-times). This step i
repeated for as many legacy speeds as are supported. Once\the lowest speed ha
been reached without response from the host, the device willkehter an error state.
Host locks - After detecting the COMWAKE sequence,\the host starts transmittin
D10.2 characters (see 14.6) at its lowest supported rates"\Meanwhile, the host receivg
locks to the ALIGN sequence and, when ready, returns the ALIGN sequence to th
device at the same speed as received. A host-shall be designed such that it ca
acquire lock in 54.6 pys (2 048 nominal Gen1.DWORD DWORD times) at any give
speed. The host should allow for at least 873:8 us (32 768 nominal Gen1 DWOR
times) after detecting the release of COMWAKE to receive the first ALIGN. This wi
ensure interoperability with multi-generational and synchronous devices. If no i
ALIGN is received within 873.8 pys (32 768 nominal Gen1 DWORD times), the hog
restarts the power-on sequence - (gpeating indefinitely until told to stop by th
application layer.

Device locks - The device locks\.fo the ALIGN sequence and, when ready, sends th
SYNC primitive indicating it is\ready to start normal operation.

Upon receipt of three bacKk-to-back non-ALIGN primitives, the communication link i
established and normal operation may begin.

DO ~ 0 = U3 OO0 =@ DO Z D D ~ 3 D ~

[

[2)

[2BRCERY
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Host /Device Host
Host
on COMWAKE Align
Host Host
calibrate releases Host Host
COMWAKE d10.2 data

00009990 A,V |
Q'A' A'A'A') ; \AA/ ' \/ A ‘:‘;"‘ ‘

vwv

(Device
RX)

Device AN n
TX (Host XYY/

RX) . I~
T YT
Device Device Device
COMINIT Calibrate Align
Device Device Device
releases COMWAKE data
COMINIT

Figure 42 — COMINIT sequence

—

he following list describes the COMINIT sequencerdiagram.

a) Host/device are powered and operating normally with some form of activ
communication.

b) Some condition in the device causes the device to issues a COMINIT
c) Host calibrates and issues a COMWAKE.

d) Device responds - The dévice detects the COMWAKE sequence on its RX pair an
calibrates its transmitter (Optional). Following calibration, the device sends a six burs
COMWAKE sequenceland then sends a continuous stream of the ALIGN sequenc
starting at the device's highest supported speed. After ALIGN DWORDs have bee
sent for 54.6 pys (2.048 nominal Gen1 DWORD times) without a response from the hog
as determined by detection of ALIGN primitives received from the host, the devic
assumes that/the host cannot communicate at that speed. If additional speeds ar
availables.thle device tries the next lower supported speed by sending ALIGN DWORD
at thatrate for 54.6 ps (2 048 nominal Gen1 DWORD times). This step is repeated fg
as many legacy speeds as are supported. Once the lowest speed has been reache
without response from the host, the device will enter an error state.

e) \Host locks - After detecting the COMWAKE sequence, the host starts transmittin
D10.2 characters (see 14.6) at its lowest supported rate. Meanwhile, the host receive

()

O s 0 DU D -~ 20 0 ~ O

-

locks to the ALIGN seguence nnnly when rnady, returns the Al LGN seguence to th

device at the same speed as received. A host shall be designed such that it ca

n

acquire lock in 54.6 pys (2 048 nominal Gen1 DWORD times) at any given speed. The
host should allow for at least 873.8 ps (32 768 nominal Gen1 DWORD times) after
detecting the release of COMWAKE to receive the first ALIGN. This will ensure

interoperability with multi-generational and synchronous devices. If no is ALIGN i

S

received within 873.8 ps (32 768 nominal Gen1 DWORD times), the host restarts the

power-on sequence - repeating indefinitely until told to stop by the application layer.

f) Device locks - The device locks to the ALIGN sequence and, when ready, sends th
SYNC primitive indicating it is ready to start normal operation.

g) Upon receipt of three back-to-back non-ALIGN primitives, the communication link i
established and normal operation may begin.

e

S
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14.5.6.3.6 COMWAKE

COMWAKE can originate from either the host controller or the device. It is signalled by
transmitting six bursts separated by an idle bus condition.

The OOB COMWAKE signaling shall consist of no less than six bursts, including inter-burst
temporal spacing.

Each burst shall be 160 Gen1 Ulgog’s (approximately 106.7 ns) long and each inter-burst idle
state shall be 160 Gen1 U|OOBS (approxmately 106 7 ns) Iong A COMWAKE detector WI||

106 7 ns nominal, see Table 11).

Any spacing less than COMWAKE detector off threshold min or greater than COMWAK
detector threshold max (see Table 11) shall negate the COMWAKE detector odtput. Th
GCOMWAKE OOB signaling is used to bring the Phy out of a power-down state (PARTIAL g
JLUMBER) as described in 14.5.6.3.7. The interface shall be held inactive for)at least th
GOMWAKE detector off threshold maximum time (see Table 11). after the lastburst to ensur
far-end detector detects the deassertion properly. The device may hold the interface inactiv
o more than 228.3 ns (the COMWAKE detector threshold maximum+ 2 nominal Gen
JWORD times) at the end of a COMWAKE to prevent susceptibility to'crosstalk.

— O O O = D I

14.5.6.3.7 Interface power states
14.5.6.3.7.1 General

[oN

the serial implementation of ATA, Interface Power States are controlled by the device an
ost adapter as defined in the Host phy initialization *and Device phy initialization stat
iagrams, see Figure 39 and Figure 40, and the Link\Power Mode State Diagram, see Figur
1. The Serial Interface Power States are defined_in Table 16.

(VAN

Table 16 — Interface power states

READY The PHY logic and main PLL are poeth on and active. The interface is synchronized and
capable of receiving and sending-data.

Rartial The PHY logic is poweredshbut is in a reduced power state. Both signal lines on the interface
are at a neutral logic state (common mode voltage). The exit latency from this state shall be
no longer than 10 pus.

Slumber The PHY logic is'powered but is in a reduced power state. Both signal lines on the interface
are at the neutrallogic state (common mode voltage). The exit latency from this state shall be
no longer than10 ms.

4.5.6.3.7.2 Idte'bus condition

1
During powermanagement states (Partial and Slumber), the electrical interface shall maintai
the proper.common-mode levels, as cited in 14.4.9, with zero differential on both signal pair

[ =]

]

(pll fourconductors at Vcp, pc) for all interface scenarios, except for the case where both th
devigeand the host-controller are AC-coupled and the conductor pairs are allowed to float.

All-transmitter rlneugna shall-ensure—that transitionto—and Frnm the-idlebus—condition—do—nat

e

result in a disturbance in the differential baseline on the conductors. To accomplish this, an
AC-coupled transmitter shall hold its outputs at zero differential with the same common-mode
level as normal operation when in the partial power management mode. When operating in
the slumber power management mode, the common mode level of the AC coupled transmitter
is allowed to float (while maintaining zero differential) as long as it remains within the limits
cited in 14.4.9.

TX outputs shall not be held at a logical zero or one state during the idle bus condition since
this results in a baseline shift when communications are resumed.
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14.5.6.3.8 Power-on sequence timing diagram

The following timing diagrams, see Figure 43, Figure 44 and Figure 45 as well as descriptions
are provided for clarity and are informative. The state diagrams provided in 14.5.6.3 comprise
the normative behavior specification.

—

he following list describes the power-on sequence diagram.

Host Host Host
power releases 0s Host
on COMRESET  COMWAKE Align
Host Host
Host Host
power . releases Host Host
MRESET
off COMRES calibrate COMWAKE  d10.2 data
.
Host TX '_‘HHHH’—Q&WM ‘:’:’5 #’:’#’#‘#’:‘% :‘:‘:‘t
(Device '\ XY OO0 XXX)
RX) A TN A
- S0l
T?(G(\ﬁ;t | OOOXXY
RX) T D NG R

Device Deyice Device

COMINIT Calibrate Align
off i i i
Device Device Device Device
ower releases COMWAKE data
P o COMINIT

Figure 43 — Power-on sequence

a) Host/device power-off =.Host and device power-off.

b) Power is applied = Host side signal conditioning pulls TX and RX pairs to neutral statp
(common mode veltage).

c) Host issues COMRESET sequence.
d) Once the power-on reset is released, the host puts the bus in a quiescent condition.

[\Y)

e) When the)device detects the release of COMRESET sequence, it responds with
COMINIT sequence. This is also the entry point if the device is late starting. Th
device may initiate communications at any time by issuing a COMINIT.

()

f) .Host calibrates and issues a COMWAKE sequence.

g)» Device responds - The device detects the COMWAKE sequence on its RX pair angd
calibrates its transmitter (optional). Following calibration, the device sends a six burst

COMWAKE sequence and then sends a continuous stream of the ALIGN sequence
starting at the device's highest supported speed. After ALIGN DWORDs have been
sent for 54.6 ys (2 048 nominal Gen1 DWORD times) without a response from the host
as determined by detection of ALIGN primitives received from the host, the device
assumes that the host cannot communicate at that speed. If additional speeds are
available, the device tries the next lower supported speed by sending ALIGN DWORDs
at that rate for 54.6 ys (2 048 nominal Gen1 DWORD times). This step is repeated for
as many legacy speeds as are supported. Once the lowest speed has been reached
without response from the host, the device will enter an error state.

h) Host locks - After detecting the COMWAKE sequence, the host starts transmitting
D10.2 characters (see 14.6) at its lowest supported rate. Meanwhile, the host receiver
locks to the ALIGN sequence and, when ready, returns the ALIGN sequence to the
device at the same speed as received. A host shall be designed such that it can
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acquire lock in 54.6 ps (2 048 nominal Gen1 DWORD times) at any given speed. The
host should allow for at least 873.8 ps (32 768 Gen1 DWORD times) after detecting
the release of COMWAKE to receive the first ALIGN. This will ensure interoperability
with multi-generational and synchronous devices. If no ALIGN is received within
873.8 us (32 768 nominal Gen1 DWORD times), the host restarts the power-on
sequence, repeating indefinitely until told to stop by the application layer.

i) Device locks - The device locks to the ALIGN sequence and, when ready, sends the
SYNC primitive indicating it is ready to start normal operation.

j) Upon receipt of three back-to-back non-ALIGN primitives, the communication link is
estaptishedand normat operation may begim.

14.5.6.3.9 READY to Partial/Slumber

EADY to Partial/Slumber is initiated by the transmission of the PMREQ_P or PMREQ_S an(d
MACK primitives as described in 15.4.9.

14.5.6.3.10 Partial/Slumber to READY

he host initiates a wakeup from the partial or slumber states by entefing the initializatio
quence at the HP5: HR_COMWAKE state in the Host phy initializationstate machine (se
igure 39). Calibration and speed negotiation is bypassed since\'it has already bee
erformed at power-on and system performance depends on_guick resume latency. Th
evice, therefore, transmits ALIGNs at the speed determined at¢gpower-on.

D =5 0 3

he device initiates a wakeup from the partial or slumber_states by entering the initializatio
equence at the DP6: DR_COMWAKE state in the Device'phy initializationstate machine (se
igure 40). Calibration and speed negotiation is bypassed since it has already bee
erformed at power-on and system performance «depends on quick resume latency. Th
evice, therefore, transmits ALIGNs at the speed determined at power-on.

-
(OB O]

O T

14.5.6.4 ON to Partial/Slumber

14.5.6.4.1 Host initiated

Host transition to
Partial/Slumber

Host Partial/Slumber
PMREQ mode

Host TX A’A‘A‘A‘A‘A’A’A’A‘A’A‘A‘A’A‘A’A
(Device RX)  XXXAXAXXARKKNXAXR/

Device TX

(Host RX)

n H
|=a~34\va vy

PMACK

Device transition to
Partial/Slumber

Figure 44 — ON to Partial/Slumber, host initiated
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14.5.6.4.2 Detailed sequence

The following list describes the On to Partial/Slumber, host initiated diagram.

a) Host Application layer sends request to host Transport layer.

b) Host Transport layer transmits request to host Link layer.

c) Host Link layer encodes request as PMREQ primitive and transmits it four times to
host Phy layer.

d) Host Phy layer serializes PMREQ primitives and transmits them to device Phy layer.

Transport layer.

g) Device Transport layer transmits request to device Application layer.

h) Device Application layer processes and accepts request. Issues accept ' {0 devic
Transport layer.

i) Device Transport layer transmits acceptance to device Link layer.

j) Device Link layer encodes acceptance as PMACK primitive and transmits it four time
to device Phy layer.

k) Device Phy layer transmits four PMACK primitives to host Phy layer.

I) Device Link layer places device Phy layer in Partial/Slumber state.

m) Host Phy layer de-serializes PMACK primitives and transmits-them to host Link layer.

n) Host Link layer decodes PMACK primitives and transmits acceptance to hog
Transport layer.

o) Host Link layer places host Phy layer in Partial/Slumber State.

p) Host Transport layer transmits acceptance to host)Application layer.

14.5.6.4.3 Device initiated

Host fransition to
Partial/ Slumber

Host
PMACK

Host TX
(Device.RX)

DeViCG TX A‘A’A’A‘A‘A‘A‘A’A’AOA‘A‘A’A‘A.A

(HostRX)  XOO0OO000ONXXXY

(. )
Y
Y |
Device Partial/Slumber
PMREQ mode

Device transition to
Partial/Slumber

_ . ’ rce-titiated
14.5.6.4.4 Detailed sequence
The following list describes the On to Partial/Slumber, device initiated diagram.

a) Device Application layer sends request to device Transport layer.

b) Device Transport layer transmits request to device Link layer.

c) Device Link layer encodes request as PMREQ primitive and transmits it to device
Phy layer.

d) Device Phy layer serializes PMREQ primitives and transmits them to host Phy
layer.

e) Host Phy de-serializes PMREQ primitives and transmits them to host Link layer.

f) Host Link layer decodes PMREQ primitives and transmits request to host
Transport layer.

[4%
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g) Host Transport layer transmits request to host Application layer.

NOTE In this context, the host Application layer does not necessarily imply BIOS or other host CPU
programming. Rather, the Application layer is the intelligent control section of the chipset logic.

h) Host Application layer processes and accepts request. Issues accept to host
Transport layer.

i) Host Transport layer transmits acceptance to host Link layer.

j) Host link layer encodes acceptance as PMACK primitive and transmits it four times
to host Phy layer.
Host Phy layer transmits four PMACK primitives to device Phy layer.

1

B
b

W

g
J

g
1
t
L

A

device talking to a non-SSC device. The average fréquency difference will be just over 0.25 %

im the DWORD count.

:) Huot Lill:\ :dyUI dbOUItQ Pdltid:lls:ulllbcl Oislld: GIIK-JI p:auca :-IUDl Plly :aycl I
Partial/Slumber state.

m) Host Phy layer negates Ready signal.

n) Device Phy layer de-serializes PMACK primitives and transmits them to (device
Link layer.

o) Device Link layer decodes PMACK primitives and transmits acceptance to devic
Transport layer.

p) Device Link layer asserts Partial/Slumber signal and places device Phy layer i
Partial/Slumber State.

q) Device Phy layer negates Ready signal.

r) Device Transport layer transmits acceptance to device Application layer.

()

=}

4.6 Elasticity buffer management

lasticity buffer circuitry may be required to absorb the/slight differences in frequencie
etween the host and device. The greatest frequency-difference result from a SSC compliarn

—~~

ith excursions as much as 0.5 %.

ince an elasticity buffer has a finite length, there needs to be a mechanism at the physicg
yer protocol level that allows this receiver‘buffer to be reset without dropping or adding an
its to the data stream. This is especially important during reception of long continuou
reams of data. This physical layer:-protocol supports oversampling architectures an
ccommodates unlimited frame sizes (the frame size is limited by the CRC polynomial).

T 0 < =

=

he Link Layer shall keep track-of a resettable counter that rolls over at most every 1 02
ansmitted characters (256_DWORDs). Prior to, or at the pre-roll-over point (all 1's), the Lin
ayer shall trigger the issyance of dual, consecutive ALIGN primitives which shall be include

QA

fter communicationsyhave been established, the first and second words out of the Link Laye

-

Ipopback:
14:7. “BIST (Built in self test)

hall be the dual=zALIGN primitive sequence, followed by at most 254 non-ALIGN DWORDg.
he cycle repgats starting with another dual-consecutive ALIGN primitive sequence. The Lin
ay issue mere than one dual ALIGN primitive sequence but shall not send an unpaire
LIGN primitive (i.e. ALIGN primitives are always sent in pairs) except as noted for retime

O O X

1

4.7.1 General

BIST provides loopback testing of portions of the physical layer. BIST is initiated by the BIST
Activate FIS (see 16.2.8).

1
1

4.7.2 Loopback testing

4.7.21 General
Three types of Loopback test schemes are defined.
1) Far-End Retimed - Mandatory
2) Far-End Analog - Optional
3) Near-End Analog (Effectively Retimed) - Optional

Loopback - Far-end retimed
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Figure 46 below illustrates the scope, at the architectural block diagram level, of the Far-End
Retimed loopback. As this loopback scheme needs a specific action from the far-end
connected interface, this mode shall be entered by way of the BIST Activate FIS described in
16.2.8.

The Far-End Interface shall remain in this Far-End Retimed Loopback, until receipt of the
COMRESET/COMINIT OOB Signaling sequence.

As a minimum, Far-End Retimed Loopback shall involve far-end circuitry such that the
datastream, at the Far-End interface, is extracted by the Serializer/Deserializer (SerDes) and
%ata recovery circuit (DRC) before being sent back through the SerDes and [ransmitter Wit

ppropriately inserted retiming ALIGN primitives. The data may be decoded and descramble
im order to provide testing coverage for those portions of the host/device, provided the-data i
re-scrambled using the same sequence of scrambler syndromes. The returned data'shall b
the same as the received data with the exception that the returned data may be eneoded wit
different starting running disparity.

Data
TX+ RX+ >
+ o D ¢ * extraction
o T RX- block

> (D O O

EJ

t

Fixed pattern
source

Analog Analog -
Front Front IS'“CEH K
End End oopbac

Fixed pattern
detect

Data P
le— extraction H CDRX+ Tx+ (Ole +
block R TX- (Ol

Figure 46 — Loopback, far-end retimed

he initiator of the (fetimed loopback mode shall account for the loopback host/devic
onsuming up to &two ALIGN primitives (one ALIGN sequence) every 256 DWORD,
ansmitted and, (f+it requires any ALIGN primitives to be present in the returned data strean;

shall insert~additional ALIGNs in the transmitted stream. The initiator shall transm
dditional ALIGN sequences in a single burst at the normal interval of every 256 DWORD
ansmitted\(as opposed to inserting ALIGN sequences at half N primitives from the receive
ata. Itsmay insert one or more ALIGN primitives if they are directly preceded or followed b
ne jinitiator inserted ALIGN primitives (resulting in ALIGN sequences consisting of at leasg
WO~ALIGN primitives) or it may insert two or more ALIGN primitives if not preceded d
Howed—bythe—imitiators AHGNprimitives—One—side—effectof thetoopbackretinming—is—the
the returned data stream may have instances of an odd number of ALIGN primitives, however,
returned ALIGNs are always in bursts of two and if the initiator transmitted dual ALIGN
sequences (four consecutive ALIGNs), then the returned data stream shall include ALIGN
bursts that are no shorter than two ALIGN primitives long (although the length of the ALIGN
burst may be odd). The initiator of the retimed loopback mode shall not assume any
relationship between the relative position of the ALIGNs returned by the loopback host/device
and the relative position of the ALIGNs sent by the inithe interval).

= o W
B0

priy

-+ ~+~ A ~+ )

-, < O

The loopback host/device may remove zero, one or two ALIGtiator.

In retimed loopback mode, the initiator shall transmit only valid 8b/10b characters so the
loopback host/device may 10b/8b decode it and re-encode it before retransmission. If the
loopback host/device descrambles incoming data, it is responsible for rescrambling it with the
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same sequence of scrambling syndromes in order to ensure the returned data is unchanged
from the received data. The loopback host/device’s running disparity for its transmitter and
receiver are not guaranteed to be the same and thus the loopback initiator shall 10b/8b
decode the returned data rather than use the raw 10b returned stream for the purpose of data
comparison. The loopback host/device shall return all received data unaltered and shall
disregard protocol processing of primitives. Only the OOB signals and ALIGN processing is
acted on by the loopback host/device, while all other data is retransmitted without
interpretation.

14.7.2.2 Loopback, far-end analog (optional)
14.7.2.2.1 General

igure 47 below, illustrates the scope, at the architectural block diagram level, of the Far-En

nalog loopback. As this loopback scheme needs a specific action from the far-end gonnecte
interface, this mode, if implemented, shall be entered by way of the BIST Activate FI
described in 16.2.8.

[V eongon

Data
TX+ >
+ »0 RX+ % N extraction
) TX- RX- / block
Fixed pattern
source
Analo Analo
g 9 Silicon
Front Front
. End End loopback
Fixed pattern
detect

v

Data P
le— extraction H CDRX+ Tx+ (Ole +
block R TX- (Ol

Figure 47 — Loopback, far-end analog

nce entered, the Far-End Interface shall remain in this Far-End Analog Loopback mode,
ntil receipt of the COMRESET/COMINIT OOB Signalling sequence.

he implementation of Far End AFE Loopback is optional due to the round-trip characteristic
f the test as’well as the lack of retiming. This mode is intended to give a quick indication ¢
onnectivity,’and test failure is not an indication of system failure.

O 0 4 < N
—

14.7.2.2.27 Loopback, near-end analog (optional)
Higure 48 below, illustrates the scope, at the architectural block diagram level, of the Nea
nd Annlr\g Innphqu( This Inr\phth( Qr‘hnmn, if implnmnnfnr’l’ needs the far-end connecte

interface to be in a non-transmitting mode, such as Slumber or Partial interface power
management states.
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[ ) TX+
+
P TX-

Fixed pattern

source

AFnang Silicon
ront loaonbhack
- End v

Fixed pattemn

detect

v

Data P
e— extraction 1 GRX+
block «—<C1JRx-

Figure 48 — Loopback, near-end analog

15 Serial interface Link layer

5.1 Overview
5.1.1 General

1
1
Tlhe Link layer transmits and receives frames, transmits primitives based on control signals
ffom the Transport layer, and receives primitives ftom the Physical layer which are converted
tp control signals to the Transport layer. The Link-layer need not be cognizant of the content
df frames. Host and device Link layer state machines differ only in the fact that the host shall
hack-off in the event of a collision when attempting to transmit a frame (see Figure 59).

—

5.1.2 Frame transmission

]

Vhen requested by the Transport layer to transmit a frame, the Link layer provides th
bllowing services.

=h <

=

— Negotiates with its‘pger Link layer to transmit a frame, resolves arbitration conflicts
both host and device request transmission.

— Inserts frame €nvelope around Transport layer data (i.e., SOF, CRC, EOF, etc.).

— Receives data in the form of DWORDs from the Transport layer.

— Calculates’CRC on Transport layer data.

— Transmits frame.

— Provides frame flow control in response to requests from the FIFO or the peer Lin
layer.

— «Receives frame receipt acknowledge from peer Link layer.

&\ 'Reports good transmission or Link/Physical layer errors to Transport layer.

2 Performs 8b/10b encoding.

— Scrambles (transforms) control and data DWORDs in such a way as to distribute the
potential EMI emissions over a broader range.

=

15.1.3 Frame receipt

When data is received from the Physical layer, the Link layer provides the following services.
— Acknowledges to the peer Link layer readiness to receive a frame.
— Receives data in the form of encoded characters from the Physical layer.
— Decodes the encoded 8b/10b character stream into aligned DWORDs of data.
— Removes the envelope around frames (i.e., SOF, CRC, EOF).
— Calculates CRC on the received DWORDs.
— Provides frame flow control in response to requests from the FIFO or the peer Link
layer.
— Compares the calculated CRC to the received CRC.
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— Reports good reception or Link/Physical layer errors to Transport layer and the peer
Link layer.

— Descrambles (untransforms) the control and data DWORDs received from a peer Link
layer.

5.2 Encoding method
5.2.1 General

Information to be transmitted over the serial interface shall be encoded a byte (eight bits) at a

ti

WO O — =

O << 0 < >

q

o -

20 O m

me along with a data or control character indicator into a 10-bit encoded character and the
nt serially bit by bit. Information received over the serial interface shall be collected ten bit
t a time, assembled into an encoded character and decoded into the correct data character
nd control characters. The 8b/10b code allows for the encoding of all 256 combinations g
ight-bit data. A smaller subset of the control character set is utilized by the" seriz
plementation of ATA.

— s 0 0O 5

5.2.2 Notation and conventions

he coding scheme uses a letter notation for describing data bits and/control variables. A
escription of the translation process between these notations followss This subclause alsp
escribes a convention used to differentiate data characters from conirol characters. Finally
anslation examples for both a data character and a control character are presented, se
.3.10.

D -

n unencoded byte of data is composed of eight bits A;B,C,D,E,F,G,H and the contrg
ariable Z. The encoding process results in a 10 bit character a,b,c,d,e,i,f,g,h,j. A bit is eithg
binary zero or binary one. The control variable, Z, has*a value of D or K. When the contrg
ariable associated with a byte has the value D, the byte is referred to as a data charactey.
Vhen the control variable associated with a byte has the value K, the byte is referred to as g
ontrol character.

—_— =

N

a data byte is not accompanied with a spécific control variable value the control variable
b assumed to be Z = D and the data byte 'shall be encoded as a data character.

he following Figure 49 illustrates the-association between the numbered unencoded bits in p
yte, the control variable, and the letter-labeled bits in the encoding scheme:

Data_byte 71615 lal3l21]0 Cor_1tro|
notation variable

Unen_codedbit HlclFleElblcl|BlAlZ
notation

Figure 49 — Bit designations

V)

ach character is given a name Zxx.y where Z is the value of the control variable (D for
ata chafacter, K for a control character), xx is the decimal value of the binary numbg
omposed of the bits E, D, C, B and A in that order, and y is the decimal value of the binary
umber composed of the bits H, G and F.

—

fgure 50, fottowing, shrowsthe Tetationship betweemnm the various Tepresemntations:
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Byte 7654 3210 Z 76 54 3210 Z Byte
+ +
Control , . Control
‘ ~ 8 +control ‘[/ 8 + control
Input to Qutput from
encode H GFE DT CBA Z HGFE DT CBA A decode
function l | function
Encode Decode
function 8B/10B encoder 8B/1QB decoder function
Output from | Input to
encode ab cd,e i f ghj a bcde i f gh.|j decode
function function
-~ 10 7 10
Phy 11 « Phy
transmissipn reception
01 234567829 0123454617829
Bit 0 is transmitted first Bjt.0\is received first

Figure 50 — Nomenclature reference

Higure 51 shows conversions from byte notation to character notation for a control and datp
byte.
Byte notation BCh, control character 4Ah, data character
76543210 Control variable 76543210 Control
. . variable
Bit notation
10111100 K 01001010 D
HGF-EDCBA z HGF EDCBA z
Unencoded bit notation
101 11100 K 010 01010 D
z EDCBA HGF z EDCBA HGF
Bit notation reordered to conform*with
Zxx.y convention
K 11100 101 D 01010 010
Character name K28.5 D10.2

Figure 51 — Conversion examples

5.2.3 Character code
5.2.3.1 \General

heoding scheme translates unencoded data and control bytes to characters. The encode
haracters are then transmitted by the physical layer over the serial line where they arg
eceived from the physicat tayer and decoded into the corresponding byte and controf vaiue:

[®N

= 0O — = -

The coding scheme uses a subset of the 8b/10b coding method. The code used in the serial
implementation of ATA uses all 256 data byte encodings while only two of the control codes
are used. The reception of any unused code is a class of reception error referred to as a code
violation, see 15.2.5.2.

15.2.3.2 Code construction

The 8b/10b coding process is defined in two stages. The first stage encodes the first five bits
of the unencoded input byte into a six bit sub-block using a 5B/6B encoder. The input to this
stage includes the current running disparity value. The second stage uses a 3B/4B encoder to
encode the remaining three bits of the data byte and the running disparity as modified by the
5B/6B encoder into a four bit value.
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In the derivations that follow, the control variable (Z) is assumed to have a value of D, and

thus is an implicit input.

15.2.3.3 The concept of running disparity

Running Disparity is a binary parameter with either the value negative (-) or the value positive

(+).

After transmitting any encoded character, the transmitter shall calculate a new value for its

Running Disparity based on the value of the transmitted character.

fter a COMRESET sequence, initial power-up, exiting any power management stateg
xiting any diagnostic mode, the receiver shall assume either the positive or negative-valu
for its initial Running Disparity. Upon reception of an encoded character the receiver-sha
etermine whether the encoded character is valid according to the following rules and table

nd shall calculate a new value for its Running Disparity based on the conients of the

received character.

o~

ansmitter after it sends an encoded character (transmitter’s new Running Disparity) and fg
ne receiver upon reception of an encoded character (receiver’'s new Runhing Disparity).

—

unning Disparity for an encoded character shall be calculated o two sub-blocks where th
rst six bits (abcdei) form one sub-block - the six-bit sub-blocki The last four bits (fghj) forr
ne second sub-block - the four-bit sub-block. Running Dispdrity at the beginning of the six-b
ub-block is the Running Disparity at the end of the lasty'encoded character or the initiz
onditions described above for the first encoded character transmitted or received. Runnin
Disparity at the beginning of the four-bit sub-block is_the resulting Running Disparity from th
slix-bit sub-block. Running Disparity at the end of the encoded character - and the initig
unning Disparity for the next encoded character“/is the Running Disparity at the end of th
bur-bit sub-block.

Q w - =7

—

Running Disparity for each of the sub-blocks shall be calculated as follows:

Running Disparity at the end, of any sub-block is positive if the sub-block contain
more ones than zeros. It is.also positive at the end of the six-bit sub-block if the valu
of the six-bit sub-block isC000111, and is positive at the end of the four-bit sub-block
the value of the four-hit'sub-block is 0011.

Running Disparity at-the end of any sub-block is negative if the sub-block contain
more zeroes than'‘ones. It is also negative at the end of the six-bit sub-block if th

block if the value of the four-bit sub-block is 1100.
Otherwise,for any sub-block with an equal number of zeroes and ones, the Runnin

Sub-bfecks with an equal number of zeroes and ones are said to have neutra
disparity.
he 8b/-0b code restricts the generation of the 000111, 111000, 0011 and 1100 sub-blocks i

rder 16 limit the run length of zeros and ones between sub-blocks. Sub-blocks containin
00111 or 0011 are generated onIy when the runmng dlspanty at the beginning of the sut

—]

OO0

()

he following rules shall be used to calculate a new Running Disparity value for the

value of the six-bit'sub-block is 111000, and is negative at the end of the four-bit sulj-

Disparity~at'the end of the sub-block is the same as at the beginning of the sub-block.

=

O =

=3

OO —_ 5

[

—

[N

=)

Kl 1

1 1 H'H 14 R +h A £ [ [« H
TUUN IO MUSTLIVT, IUOUILIIIH LILILJ PUOI[IVC I\UIIIIIIIU IJIOPGIII.‘Y aL LIIU Cru UT U1e SUUVTUTUUN. ullllllall)

sub-blocks containing 111000 or 1100 are generated only when the running disparity at the

beginning of the sub-block is negative and the resulting Running Disparity is negative.

The rules for Running Disparity result in generation of a character with disparity that is either

the opposite of the previous character or neutral.
Sub-blocks with non-zero (non-neutral) disparity shall be of alternating disparity.

15.2.3.4 Data encoding

Table 17 and Table 18 describe the code and running disparity generation rules for each of

the sub-blocks. The results can be used to generate the data in the data character tables.
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In the tables which follow rd+ or rd- represent the current (incoming) running disparity and rd’
represents the resulting Running Disparity. The resulting Running Disparity columns use -rd
to indicate a change in Running Disparity polarity while rd indicates the resulting sub-block
has neutral disparity.

Table 17 — 5b/6b coding

Inputs abcdei outputs " Inputs abcdei outputs -
Dx EDCBA rd+ rd- Dx EDCBA rd+ rd-
DO 00000 071000 100111 D16 70000 1700100 0711071 -rd
D1 00001 100010 011101 -rd D17 10001 100011
D2 00010 010010 101101 D18 10010 010011
D3 00011 110001 rd D19 10011 110010
D4 00100 001010 110101 -rd D20 10100 001014 "d
D5 00101 101001 D21 10101 101010
D6 00110 011001 rd D22 10110 041010
D7 00111 000111 111000 D23 10111 000101 111010 -rd
D8 01000 000110 111001 -rd D24 11000 001100 110011
D9 01001 100101 D25 11001 100110
D10 01010 010101 D26 11010 010110 rd
D11 01011 110100 D27 11011 001001 110110 -rd
D12 01100 001101 rd D28 11100 001110 rd
D13 01101 101100 D29 11101 010001 101110
D14 01110 011100 D30 11110 100001 011110 -rd
D15 01111 101000 010111 «rd D31 11111 010100 101011

Table 18 — 3b/4b coding

Inputs fghj outputs "

Dx.y HGF rd+ rd-

Dx.0 000 0100 1011 -rd

Dx.1 001 1001

Dx.2 010 0101 rd

Dx.3 011 0011 1100

Dx.4 100 0010 1101 -rd

Dx.5 101 1010 i

Dx.6 110 0110

Dx.P7 111 0001 1110 .

DxA7 | 111 | 1000 0111 h
NOTE A7 replaces P7 if[(rd>0) and (e=i=0)] or
[(rd<0) and (e=i=1)]

15.2.3.5 Encoding examples
The coding examples in Figure 52 illustrate how the running disparity calculations are done.

The first conversion example completes the translation of data byte value 4Ah (which is the
character name of D10.2) into an encoded character value of “abcdei fghj” = “010101 0101”.
This value has special significance because it is of neutral disparity and also contains an
alternating zero/one pattern that represents the highest data frequency which can be
generated.
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In the second example the 8b/10b character named D11.7 is encoded. Assuming a positive
value for the incoming Running Disparity, this example shows the Dx.P7/Dx.A7 substitution.
With an initial rd+ value, D10 translates to an abcdei value of 110100, with a resulting
Running Disparity of positive for the 6-bit sub-block. Encoding the 4-bit sub-block triggers the
substitution clause of Dx.A7 for Dx.P7 since [(rd>0) AND (e=i=0)].

Initial rd Character abcdei 6-bit fghj 4-bit Encoded Ending
name output sub- output sub- character rd
block block rd
rd
- D10.2 010101 - 0101 - 010101 0101 -
+ D11.7 110100 + 1000 - 110100 1000 -

Figure 52 — Coding examples

5.2.3.6 8b/10b valid encoded characters
5.2.3.6.1 General

he following tables define the valid data characters and valid control characters. Thesg
hbles shall be used for generating encoded characters (encoding) for transmission. In the
pception process, the table is used to look up and verify the yalidity of received characters
Hecoding).

O

n the tables, each data character and control character has two columns that represent tw
ncoded characters. One column represents the outpu® if the current Running Disparity i
egative and the other is the output if the current Running Disparity is positive.

S DO — /S ]
(2]
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15.2.3.6.2

Data characters

-103 -

Valid datea characters are listed in Table 19.

Table 19 — Valid data characters

Name | Byte abcdei fghj output Name | Byte abcdei fghj output
Current rd- Current rd+ Current rd- Current rd+
D0.0 | 00h 100111 0100 011000 1011 DO0.1 20h 100111 1001 011000 1001
D10 01h 011101 0100 100010 1011 D11 21h 011101 1001 100010 1001
D2.0 | 02h 101101 0100 010010 1011 D2.1 22h 101101 1001 010010 1001
D3.0 | 03h 110001 1011 110001 0100 D3.1 23h 110001 1001 110001 1001
D4.0 | 0O4h 110101 0100 001010 1011 D4.1 24h 110101 1001 001010 1001
D5.0 | 05h 101001 1011 101001 0100 D5.1 25h 101001 1001 1010011001
D6.0 | 06h 011001 1011 011001 0100 D6.1 26h 011001 1001 041001 1001
D7.0 | 07h 111000 1011 000111 0100 D7.1 27h 111000 1001 000111 1001
D8.0 | 08h 111001 0100 000110 1011 D8.1 28h 111001 1004 000110 1001
D9.0 | 0%h 100101 1011 100101 0100 D9.1 29h 1001011001 100101 1001
D10.0 | OAh 010101 1011 010101 0100 D10.1 | 2Ah 010101 1001 010101 1001
D11.0 | OBh 110100 1011 110100 0100 D11.1 | 2Bh 110100 1001 110100 1001
D12.0 | OCh 001101 1011 001101 0100 D12.1 | 26h 001101 1001 001101 1001
D13.0 | ODh 101100 1011 101100 0100 D13.1 j.2Dh 101100 1001 101100 1001
D14.0 | OEh 011100 1011 011100 0100 D14.1% | 2Eh 011100 1001 011100 1001
D15.0 | OFh 010111 0100 101000 1011 D15.1 | 2Fh 010111 1001 101000 1001
D16.0 | 10h 011011 0100 100100 1011 D16.1 | 30h 011011 1001 100100 1001
D17.0 | 11h 100011 1011 100011 0100 D17.1 | 31h 100011 1001 100011 1001
D18.0 | 12h 010011 1011 010014-0100 D18.1 | 32h 010011 1001 010011 1001
D19.0 | 13h 110010 1011 140010 0100 D19.1 | 33h 110010 1001 110010 1001
D20.0 | 14h 001011 1011 001011 0100 D20.1 | 34h 001011 1001 001011 1001
D21.0 | 15h 101010 104 101010 0100 D21.1 | 35h 101010 1001 101010 1001
D22.0 | 16h 011010 1011 011010 0100 D22.1 | 36h 011010 1001 011010 1001
D23.0 | 17h 111010 0100 000101 1011 D23.1 | 37h 111010 1001 000101 1001
D24.0 | 18h 140011 0100 001100 1011 D24.1 | 38h 110011 1001 001100 1001
D25.0 | 19h 100110 1011 100110 0100 D25.1 | 39h 100110 1001 100110 1001
D26.0 |1Ah 010110 1011 010110 0100 D26.1 | 3Ah 010110 1001 010110 1001
D27:0v| 1Bh 110110 0100 001001 1011 D27.1 | 3Bh 110110 1001 001001 1001
D28.0 | 1Ch 001110 1011 001110 0100 D28.1 | 3Ch 001110 1001 001110 1001
D29.0 | 1Dh 101110 0100 010001 1011 D29.1 | 3Dh 101110 1001 010001 1001
D30.0 | 1Eh 011110 0100 100001 1011 D30.1 | 3Eh 011110 1001 100001 1001
D31.0 | 1Fh 101011 0100 010100 1011 D31.1 | 3Fh 101011 1001 010100 1001
D0.2 | 40h 100111 0101 011000 0101 D0.3 | 60h 100111 0011 011000 1100
D1.2 | 41h 011101 0101 100010 0101 D1.3 | 61h 011101 0011 100010 1100
D2.2 | 42h 101101 0101 010010 0101 D2.3 | 62h 101101 0011 010010 1100
D3.2 | 43h 110001 0101 110001 0101 D3.3 | 63h 110001 1100 110001 0011
D4.2 | 44h 110101 0101 001010 0101 D4.3 | 64h 110101 0011 001010 1100
D5.2 | 45h 101001 0101 101001 0101 D5.3 | 65h 101001 1100 101001 0011
D6.2 | 46h 011001 0101 011001 0101 D6.3 | 66h 011001 1100 011001 0011
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abcdei fghj output

abcdei fghj output

Name | Byte Name | Byte

Current rd- Current rd+ Current rd- Current rd+
D7.2 | 47h 111000 0101 000111 0101 D7.3 | 67h 111000 1100 000111 0011
D8.2 | 48h 111001 0101 000110 0101 D8.3 | 68h 111001 0011 000110 1100
D9.2 | 4%9h 100101 0101 100101 0101 D9.3 | 69h 100101 1100 100101 0011
D10.2 | 4Ah 010101 0101 010101 0101 D10.3 | 6Ah 010101 1100 010101 0011
D11.2 | 4Bh 110100 0101 110100 0101 D11.3 | 6Bh 110100 1100 110100 0011
D12.2 | 4Ch 001101 0101 001101 0101 D12.3 | 6Ch 001101 1100 001101 0011
D13.2 | 4Dh 101100 0101 101100 0101 D13.3 | 6Dh 101100 1100 101100 0011
D14.2 | 4Eh 011100 0101 011100 0101 D14.3 | 6Eh 011100 1100 011100 0011
D15.2 | 4Fh 010111 0101 101000 0101 D15.3 | 6Fh 010111 0011 101000,1100
D16.2 | 50h 011011 0101 100100 0101 D16.3 | 70h 011011 0011 100100 1100
D17.2 | 51h 100011 0101 100011 0101 D17.3 | 71h 100011 1100 100011 0011
D18.2 | 52h 010011 0101 010011 0101 D18.3 | 72h 010011 1100 010011 0011
D19.2 | 53h 110010 0101 110010 0101 D19.3 | 73h 110010~K\100 110010 0011
D20.2 | 54h 001011 0101 001011 0101 D20.3 | 74h 001017 1100 001011 0011
D21.2 | 55h 101010 0101 101010 0101 D21.3 | 75h 101010 1100 101010 0011
D22.2 | 56h 011010 0101 011010 0101 D22.3 | 76h 011010 1100 011010 0011
D23.2 | 57h 111010 0101 000101 0101 D23.3 | #Zh 111010 0011 000101 1100
D24.2 | 58h 110011 0101 001100 0101 D243, )»'78h 110011 0011 001100 1100
D25.2 | 59h 100110 0101 100110 0101 D25:3 | 79h 100110 1100 100110 0011
D26.2 | 5Ah 010110 0101 010110 0101 D26.3 | 7Ah 010110 1100 010110 0011
D27.2 | 5Bh 110110 0101 001001 01041 D27.3 | 7Bh 110110 0011 001001 1100
D28.2 | 5Ch 001110 0101 00111070101 D28.3 | 7Ch 001110 1100 001110 0011
D29.2 | 5Dh 101110 0101 010001 0101 D29.3 | 7Dh 101110 0011 010001 1100
D30.2 | 5Eh 011110 0101 100001 0101 D30.3 | 7Eh 011110 0011 100001 1100
D31.2 | 5Fh 101011 0104 010100 0101 D31.3 | 7Fh 101011 0011 010100 1100
D0.4 | 80h 100111 0010 011000 1101 D0.5 | AOh 100111 1010 011000 1010
D1.4 | 81h 0111040010 100010 1101 D1.5 | A1h 011101 1010 100010 1010
D2.4 | 82h 101401 0010 010010 1101 D2.5 | A2h 101101 1010 010010 1010
D3.4 | 83h 110001 1101 110001 0010 D3.5 | A3h 110001 1010 110001 1010
D4.4 | 84h 110101 0010 001010 1101 D4.5 | Adh 110101 1010 001010 1010
D5.47{185h 101001 1101 101001 0010 D5.5 | A5h 101001 1010 101001 1010
D6.4" | 86h 011001 1101 011001 0010 D6.5 | A6h 011001 1010 011001 1010
D7.4 | 87h 111000 1101 000111 0010 D7.5 | A7h 111000 1010 000111 1010
B84—T88h ++4+00+0010 6001+10—+101 B8-5—AS8h ++100+10+ 600t+10—1016
D9.4 | 89h 100101 1101 100101 0010 D9.5 | A%9h 100101 1010 100101 1010
D10.4 | 8Ah 010101 1101 010101 0010 D10.5 | AAh 010101 1010 010101 1010
D11.4 | 8Bh 110100 1101 110100 0010 D11.5 | ABh 110100 1010 110100 1010
D12.4 | 8Ch 001101 1101 001101 0010 D12.5 | ACh 001101 1010 001101 1010
D13.4 | 8Dh 101100 1101 101100 0010 D13.5 | ADh 101100 1010 101100 1010
D14.4 | 8Eh 011100 1101 011100 0010 D14.5 | AEh 011100 1010 011100 1010
D15.4 | 8Fh 010111 0010 101000 1101 D15.5 | AFh 010111 1010 101000 1010
D16.4 | 90h 011011 0010 100100 1101 D16.5 | BOh 011011 1010 100100 1010
D17.4 | 91h 100011 1101 100011 0010 D17.5 | B1h 100011 1010 100011 1010
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Name | Byte abcdei fghj output Name | Byte abcdei fghj output
Current rd- Current rd+ Current rd- Current rd+
D18.4 | 92h 010011 1101 010011 0010 D18.5 | B2h 010011 1010 010011 1010
D19.4 | 93h 110010 1101 110010 0010 D19.5 | B3h 110010 1010 110010 1010
D20.4 | 94h 001011 1101 001011 0010 D20.5 | B4h 001011 1010 001011 1010
D21.4 | 95h 101010 1101 101010 0010 D21.5 | B5h 101010 1010 101010 1010
D22.4 | 96h 011010 1101 011010 0010 D22.5 | B6h 011010 1010 011010 1010
D23.4 | 97h 111010 0010 000101 1101 D23.5 | B7h 111010 1010 000101 1010
D24.4 | 98h 110011 0010 001100 1101 D24.5 | B8h 110011 1010 001100 1010
D25.4 | 99h 100110 1101 100110 0010 D25.5 | BSh 100110 1010 100110 1010
D26.4 | 9Ah 010110 1101 010110 0010 D26.5 | BAh 010110 1010 010149,1010
D27.4 | 9Bh 110110 0010 001001 1101 D27.5 | BBh 110110 1010 001001 1010
D28.4 | 9Ch 001110 1101 001110 0010 D28.5 | BCh 001110 1010 001110 1010
D29.4 | 9Dh 101110 0010 010001 1101 D29.5 | BDh 101110 1040 010001 1010
D30.4 | 9Eh 011110 0010 100001 1101 D30.5 | BEh 0111101010 100001 1010
D31.4 | 9Fh 101011 0010 010100 1101 D31.5 | BFh 101017 1010 010100 1010
D0.6 | COh 100111 0110 011000 0110 D0.7 | EOh 100111 0001 011000 1110
D1.6 | C1h 011101 0110 100010 0110 D1.7 | Eth 011101 0001 100010 1110
D2.6 | C2h 101101 0110 010010 0110 D2.7 | E2h 101101 0001 010010 1110
D3.6 | C3h 110001 0110 110001 0110 D3.7+ 0 E3h 110001 1110 110001 0001
D4.6 | C4h 110101 0110 001010 0110 D47 | E4h 110101 0001 001010 1110
D5.6 | C5h 101001 0110 101001 0110 D5.7 | E5h 101001 1110 101001 0001
D6.6 | C6h 011001 0110 011001 0110 D6.7 | E6h 011001 1110 011001 0001
D7.6 | C7h 111000 0110 0001110110 D7.7 | E7h 111000 1110 000111 0001
D8.6 | C8h 111001 0110 000440 0110 D8.7 | E8h 111001 0001 000110 1110
D9.6 | C9h 100101 0110 100101 0110 D9.7 | ESh 100101 1110 100101 0001
D10.6 | CAh 010101 0110 010101 0110 D10.7 | EAh 010101 1110 010101 0001
D11.6 | CBh 110100 0110 110100 0110 D11.7 | EBh 110100 1110 110100 1000
D12.6 | CCh 001104.0110 001101 0110 D12.7 | ECh 001101 1110 001101 0001
D13.6 | CDh 1000 0110 101100 0110 D13.7 | EDh 101100 1110 101100 1000
D14.6 | CEh 011100 0110 011100 0110 D14.7 | EEh 011100 1110 011100 1000
D15.6 | CFh 010111 0110 101000 0110 D15.7 | EFh 010111 0001 101000 1110
D16.6™'D0h 011011 0110 100100 0110 D16.7 | FOh 011011 0001 100100 1110
D176 | D1h 100011 0110 100011 0110 D17.7 | F1h 100011 0111 100011 0001
D18.6 | D2h 010011 0110 010011 0110 D18.7 | F2h 010011 0111 010011 0001
B+9-6—DB3h +001t0-01+1 0010011 Bt 7 F3h 10010+ ++0010-000+1
D20.6 | D4h 001011 0110 001011 0110 D20.7 | F4h 001011 0111 001011 0001
D21.6 | D5h 101010 0110 101010 0110 D21.7 | F5h 101010 1110 101010 0001
D22.6 | D6h 011010 0110 011010 0110 D22.7 | F6h 011010 1110 011010 0001
D23.6 | D7h 111010 0110 000101 0110 D23.7 | F7h 111010 0001 000101 1110
D24.6 | D8h 110011 0110 001100 0110 D24.7 | F8h 110011 0001 001100 1110
D25.6 | D9h 100110 0110 100110 0110 D25.7 | F9h 100110 1110 100110 0001
D26.6 | DAh 010110 0110 010110 0110 D26.7 | FAh 010110 1110 010110 0001
D27.6 | DBh 110110 0110 001001 0110 D27.7 | FBh 110110 0001 001001 1110
D28.6 | DCh 001110 0110 001110 0110 D28.7 | FCh 001110 1110 001110 0001
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abcdei fghj output abcdei fghj output
Name | Byte Name | Byte
Current rd- Current rd+ Current rd- Current rd+
D29.6 | DDh 101110 0110 010001 0110 D29.7 | FDh 101110 0001 010001 1110
D30.6 | DEh 011110 0110 100001 0110 D30.7 | FEh 011110 0001 100001 1110
D31.6 | DFh 101011 0110 010100 0110 D31.7 | FFh 101011 0001 010100 1110
15.2.3.6.3 Control characters
Laal + l . + Lot P I kbl o0
difu vulTiaur vitdidulTlio daiT TTolTU 11T T AdVIT 42U,
Table 20 — Valid control characters
abcdei fghj output
N Lo
ame Current rd- Current rd+ Description
Occurs only at byte 0 of all primitives except for the
K28.3 001111 0011 110000 1100 ALIGN primitive
K28.5 001111 1010 110000 0101 |Occurs only at byte 0 of the ALIGN primitive

Ip the serial implementation of ATA, only the K28.3 and K28.5 contrehcharacters are valid an
dre always used as the first byte in a four-byte primitive. The K28.3 Control character is use
tp prefix all primitives other than the ALIGN primitive, while ther K28.5 control character i
used to prefix the ALIGN primitive. The encoding of characters within primitives follow th
ame rules as that applied to non-primitives, when calculating the running disparity betwee
haracters and between subblocks of each characte€p ‘within the primitive. The contrg
haracters K28.3 and K28.5 invert the current running:disparity.

- D 0 OO O

—

he running disparity at the end of the ALIGN primitive is the same as the running disparity 2
the beginning of the ALIGN primitive.

15.2.4 Transmission summary

15.2.4.1 Transmission order
15.2.4.1.1 Bits within a byte

he bits within an encoded character are labeled a,b,c,d,e,i,f,g,h,j. Bit “a” shall be transmitte
first, followed in order by “b”, “c”, “d”, “e”, “i*, “f", “g”, “h” and “j”. Note that bit “i” is transmitte

etween bits “e” and “f’, and-{hat bit “j” is transmitted last, and not in the order that would b
indicated by the letters ofithe alphabet. Figure 53 illustrates the transmission order within
Ryte.

OO OO

15.2.4.1.2 Bytes within a DWORD

Hor all transmissions and receptions, the serial implementation of ATA organizes all values a
C

f

D

WORDs. Even when representing a 32-bit value, the DWORD shall be considered a set g
pur bytes—~ The transmission order of the bytes within the DWORD shall be from the leas
significantvbyte (byte 0) to the most-significant byte (byte 3). This right-to-left transmissio
drder \differs from Fibre Channel. Figure 53 illustrates how the bytes are arranged in
OWORD and the order in which bits are sent.

W 5 1 =
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8B Dword input

[31] eee [24 [ 23] eee [16]15] oeee |8[7]|6]5[4]3[2]1]0]
N A A S

Y Y Y

8B to 10B

conversion
l . | .
a |— | a | a a_|——>» bit
b [0 | b b Sent
c | C | c c 1
d | d | d d
e | e | e e Bits
i [0 ] i i shifted
f | f | f f
g | O | g g
h | h | h h
j — ] —_— | — |

Four 10B encoded characters

Figure 53 — Bit ordering and significance

15.2.4.1.3 DWORDs within a frame

A frame (as described in 16.2.1) shall be transmitted sequentially in ascending DWORD ordsg
starting with the SOF delimiter, followed by the DWORDs of the frame contents, followed by
the CRC, and ending with the EOF delimiter.

=

o

NOTE Although the serial implementation of ATA employs a’strict hierarchy of DWORD transmission as an ordere
ries of bytes, it is not the intent to restrict implementations from implementing a wider data path. It is possible,
and even desirable, to perform transmission {n*~word-sized fields. 8b/10b encoders with a 16(unej
cpded)/20(encoded) data path do exist. The only restriction is the transmission order of each byte and running
djsparity for each sub-block is preserved.

15.2.5 Reception
15.2.5.1 General

pon reception of an encoded character the column corresponding to the receiver’s currer

unning Disparity is searched for the encoded character value. If the encoded character valug
i$ found in the table.the received encoded character shall be a legal character and decoded,
nd the decoded character value is made available to the Link layer.
the received encoded character is not found in that column, then the encoded characte
hall be markéd as code violation and reported to the Link layer.

—

—

15.2.5.2- Disparity and the detection of a code violation

=

ue“to'the propagation characteristics of the 8b/10b code, it is possible that a single bit errg
ight not be detected until several characters after the introduction of the error. The following
examples illustrate this effect. The first example, see Figure 54, shows a bit error being
propagated two characters before being detected. The second example, see Figure 55, shows
a single character of propagation.

It is important to note that the serial implementation of ATA sends data in DWORD
increments, but the transmitter and receiver operate in units of a byte (character). The
examples don’'t show DWORD boundaries, so it is possible that an error in either of these
cases could be deferred by one full DWORD.

The frequency of disparity errors and code violations is an indicator of channel quality and
corresponds directly to the bit error rate of the physical serial link between a host and a
device. Implementations may elect to count such events and make them available to external
firmware or software, although the method by which such counters are exposed is not defined
in this standard.
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Initial Running Disparity and the Running Disparity for each character is shown. In order to
discover the errors note that Running Disparity is actually computed at the end of each sub-
block and subsequently forwarded to the next sub-block. Footnotes indicate where the
disparity error is detected. The error bit is underlined.

rd Character rd Character rd Character rd
Transmitted character stream - D21.1 - D10.2 - D23.5 +
Transmitted bit stream - 101010 1001 - 010101 0101 - 111010 1010 +
. . 101010 1011 111010 1010
Received bit stream - (See note 1) + 010101 0101 + (See note 2) +
Degcoded character stream - D21.0 + D10.2 + Code violation (Seq
(See note 2) note 3)

NQTE 1

Bit error introduced: 1001 — 1011
NQTE 2 Sub-blocks with non-neutral disparity shall alternate polarity (i.e., + — -). In this case, fd, does not altern

hte

(it stays positive for two sub-blocks in a row). The resulting encoded character does not exist in \the rd+ column in {he
dafa or control code table, and so an invalid encoded character is recognized.
NQTE 3 Running disparity is computed on the received character regardless of the validity~ef the encoded charactgr.
Figure 54 — Single bit error with two character delay

rd Character rd Character rd Character rd
Trlansmitted character stream - D21.1 - D23.4 - D23.5 +
Trlansmitted bit stream - 101010 1001 - 141010 0010 - 111010 1010 +

. . 101010 1011 111010 0010
Réceived bit stream - (See note 1) + (See note 2) - 111010 1010 +
Code violation y

Décoded character stream - D21.0 + (See note 2) - D23.5 ngSt:e )

NOTE 1 Bit error introduced: 1001 -> 1011

NPTE 2 Sub-blocks with non-neutral disparity;-alternate polarity (i.e., + — -). In this case, rd does not alternate ((it
sthys positive for two sub-blocks in a row).The resulting encoded character does not exist in the rd+ column in the
data or control code table, and so an invalid encoded character is recognized.

NDTE 3 Running disparity is computed on the received character regardless of the validity of the encoded
chlaracter.

Figure 55 — Single bit error with one character delay

5.3 Transmission‘method

—

nit of communication is a DWORD. The contents of each DWORD are grouped to provid
pw-level €ontrol information or to transfer information between a host and an attached devicsg.

[$]

1
The informatioh. on the serial line is a sequence of 8b/10b encoded characters. The smalles
u
I

The twotypes of structures are primitives and frames.

primifi\/n consists of a eingln DWORD and is the eimplnef unit of information that may b

exchanged between a host and a device. When the bytes of a primitive are encoded the
resulting pattern is difficult to misinterpret as any other primitive or random pattern. Primitives
are used primarily to convey real-time state information, to control the transfer of information
and coordinate host / device communication. All bytes in a primitive are constants and the
first byte is always a control character. Since all of the bytes are constants, a primitive cannot
be used to convey variable information. Later subclauses describe the contents of the
primitives used in the serial implementation of ATA.

A frame consists of multiple DWORDSs, and always starts with an SOF primitive, followed by a
user payload called a Frame Information Structure (FIS), a CRC and ends with an EOF
primitive. The CRC is defined to be the last non-primitive DWORD immediately preceding the
EOF primitive. Some number of flow control primitives (HOLD or HOLDA, or a CONT stream
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to sustain a HOLD or HOLDA state) are allowed between the SOF and EOF primitives to
throttle data flow for speed matching purposes.

The following Figure 56 shows an example of a sequence of transmissions.

Primitive Primitive Frame Primitive Frame Primitive
A B X C Y D
SOF FIS HOLD FIS contents HOLDA CRC EOF
Primitive contents Primitive (continued) Primitive Pimitive

Figure 56 — Transmission structures

5.4 Primitives
5.4.1 Overview
5.4.1.1 General

rimitives are used to control and provide status of the_serial line.

T = =

Rrimitives begin with a control character; all primitives use the K28.3 control character t
signify the beginning of a primitive except for the ALIGN primitive which begins with the K28.
gontrol character. ALIGN thus represents the only primitive that contains the comma charactg
(K28.5). Following the control character, thrgeradditional characters are encoded to complet
the DWORD. Table 22 is a summary of\\the character combinations that make up eac
grimitive.

> O == 010

15.4.1.2 Primitive disparity

[

Arimitives begin with either positive or negative disparity and end in either positive or negativ
disparity Normal 8b/10b encoding disparity rules are applied when encoding primitives.

he ALIGN primitive ischesen to have neutral disparity so that it can be inserted into the
stream without affecting the disparity of previously encoded characters. Disparity at the end qgf
the ALIGN primitive-is’ the same as the ending disparity of the last character transmitted
hefore the ALIGN primitive.

Hach primitive‘is’described and the encoding defined in the following subclauses.

15.4.1.3- Primitive handshakes

ome \primitives are transmitted in response to receipt of other primitives to acknowledg

receipt. For example, the HOLDA primitive is transmitted in response to the receipt of HOL

e
D
o = L

C \J U < U - VU - U VYV V 9, VT L/UT U

D V attd cl .
different clock domains between to two ends of the cable, the number of response primitives
may not match the number of primitives to which they are responding. For example, a host or
device may send five HOLD primitives but receive six HOLDA primitives in response. Neither
the sender nor recipient of these primitives need count the number of primitives or match the
number sent and received. There are boundary cases where a zero number of response

primitives such as HOLDA may be sent.
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The following Table 21 contains the primitive mnemonics and a brief description of each.

Table 21 — Description of primitives

Primitive Name Description Usage
Upon receipt of an ALIGN, the physical layer readjusts internal
operations as necessary to perform its functions correctly. This
ALIGN Physical layer control primitive is always sent in pairs - there is no condition where an odd | Repeated
number of Al IGN primitives shall be sent (except as noted for retimed
loopback).
The CONT primitive allows long strings of repeated primitives to be
Continue repeating eliminated. The CONT primitive is used to signal that the previously | &
CONT . o X L L : ; L |Single
previous primitive transmitted primitive pair is to be sustained until another primitivedis
received.
This primitive is sent as a request to the transmitter to tefminate a
. DMA data transmission early by computing a CRC on the)data sent | 4.
pmMAT DMA terminate and ending with a EOF primitive. The transmitter context|is assumed Singlg
to remain stable after the EOF primitive has been sept.
EOF marks the end of a frame. The previous non*primitive DWORD is | .
EOF| End of frame the CRC for the frame. Single
HOLD is transmitted in place of payload data within a frame when the
. transmitter does not have the next-payload data ready for |Repedted
HOLD Hold data transmission transmission. HOLD is also transmittéd onh the backchannel when a | NOTE
receiver is not ready to receive additienal payload data.
HOLDA Hold acknowledge Thls.prlmmv.e is sent py a trar}smltter as long the HOLD primitive is p
received by its companion receijver. NOTE
pMACK Power management Sent in response to a PMREQ_S or PMREQ_P when a receiving node Repedted
acknowledge is prepared to enter a power mode state.
Sent in response to:a PMREQ_S or PMREQ_P when a receiving node
PMNAK ggx\i/g[ management is not prepareds\teé enter a power mode state or when power [ Repedted
management is not supported.
Power management This primitive is sent continuously untii PMACK or PMNAK is Repedted
PMREQ_P request to agrtial received- When PMACK is received, current node (host or device) will
q P stop./PMREQ_P and enters the Partial power management state. NOTE
Power management This primitive is sent continuously untii PMACK or PMNAK is Repedted
PMREQ_S request to SI%mber received. When PMACK is received, current node (host or device) will
q stop PMREQ_S and enters the Slumber power management state. NOTE
: . ) . Repedted
R_ERR Reception error Current node (host or device) detected error in received payload. NOTE
I ¢ . . . Repedted
R_IH Receptiomin/Progress | Current node (host or device) is receiving payload. NOTE
) ) . . . Repedted
R_OK Receeption with no error | Current node (host or device) detected no error in received payload. NOTE
. . ) . Repedted
R_RpPY Receiver ready Current node (host or device) is ready to receive payload. NOTE
SOF Start of frame Start of a frame. Payload and CRC follow to EOF. Single
Repeated
SYNC Synchronization Synchronizing primitive - always idle. P
NOTE
WTRM Wait for frame After transmission of any of the EOF, the transmitter will transmit | Repeated
termination WTRM while waiting for reception status from receiver. NOTE
issi Repeated
X_RDY Transmission data Current node (host or device) has payload ready for transmission P
ready NOTE

NOTE This primitive may be continued by use of the CONT primitive.
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15.4.3 Primitive encoding
Table 22 defines the encoding for each primitive.

Table 22 — Primitive encoding

Primitive name Byte 3 contents Byte 2 contents Byte 1 contents Byte 0 contents
ALIGN D27.3 D10.2 D10.2 K28.5

ONT D25.4 D25.4 D10.5 K28.3
DMAT D22.1 D22.1 D21.5 K28.3
BOF D21.6 D21.6 D21.5 K28.3
HOLD D21.6 D21.6 D10.5 K283
HOLDA D21.4 D21.4 D10.5 K28.3
PMACK D21.4 D21.4 D21.4 K28.3
PMNAK D21.7 D21.7 D21.4 K28.3
PMREQ_P D23.0 D23.0 D21.5 K28.3
PMREQ_S D21.3 D21.3 D21.4 K28.3
R_ERR D22.2 D22.2 D21.5 K28.3
R_IP D21.2 D21.2 D21.5 K28.3
R_OK D21.1 D21.1 D21.5 K28.3
R_RDY D10.2 D10.2 D21.4 K28.3
$OF D23.1 D23.1 D21.5 K28.3
$YNC D21.5 D21.5 D21.4 K28.3

TRM D24.2 D24.2 D21.5 K28.3

_RDY D23.2 D23.2 D21.5 K28.3
15.4.4 ALIGN primitive
Tihis primitive_.js always sent in pairs - there is no condition where an odd number of ALIGN
grimitives are<sent (except as noted for retimed loopback).
Tlhe Link:layer shall ignore reception of ALIGN primitives. The Physical layer may consumg
received” ALIGN primitives. Implementations where the Phy does not consume receivefd
A

After communications have been established, the first and second words out of the Link Layer
shall be the dual-ALIGN primitive sequence, followed by at most 254 non-ALIGN DWORDs.
The cycle repeats starting with another dual-consecutive ALIGN primitive sequence. The Link
may issue more than one dual ALIGN primitive sequence but shall not send an unpaired
ALIGN primitive (i.e. ALIGN primitives are always sent in pairs) except as noted for retimed
loopback.

The ALIGN primitive encoding is defined in Table 22.
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15.4.5 CONT primitive
15.4.5.1 General

The CONT primitive allows long strings of repeated primitives, as defined by Table 21 to be
eliminated. The CONT primitive causes the previously received repeated primitive to be
sustained until another primitive is received. The reception of any primitive other than CONT
or ALIGN shall terminate the stream of repeated primitives. For an example of the usage of
the CONT primitive, see Figure 57.

In order to accommodate EMI reductions, scrambling of data is incorporated in the serial
implementation of ATA as described in 15.6. The scrambling of data is with a linear feedbac
hift register (LFSR) used in generating the scrambling pattern being reset at each 1ISO
rimitive, or rolling over every 2 048 DWORDs. However, the scrambling of primitives\is ng
s effective or simple because of the small number of control characters available. n’ order t
ccommodate EMI reductions, repeated primitives are eliminated through the~use of th
ONT primitive.

D O ~ Tl

Qo

ny repeated primitive (see Table 21) may be sustained through the use of the CON
rimitive. The recipient of the CONT primitive shall ignore all data received after the CON
rimitive until the reception of any primitive, excluding ALIGN. Afterstfansmitting the CON
haracter, the transmitter may send any sequence of data characten§to the recipient provide
nat no primitives are included. The transmitter shall send a“minimum of two identica
bpeated primitives (e.g SYNC SYNC, HOLD HOLD, etc) immediately preceding the CON
rimitive, excluding ALIGNs. Valid CONT transmission sequences are shown in Table 23.

T = = =

T - 0T T >
— —

Table 23 — Valid CONT Transmission Sequences

ARIM | PRIM ‘ CONT | XXXX ‘ XXXX | XXXX
ArIM | ALIGN | ALIGN | PRIM | coNT | Xxxx
ARIM | PRIM ‘ ALIGN | ALIGN ‘ CONT | XXXX
ARIM | PRIM | conr | ALIGN | ALIGN | xxxx
ARIM = any primitive defined as\repeated that may be continued in accordance with Table 21.
HXXX = Output of LFSR or_any-primitive other than CONT.

Tlo improve overall~protocol robustness and avoid potential timeout situations caused by
reception error in-a‘primitive, all repeated primitives shall be transmitted a minimum of twic
hefore a CON{ \primitive is transmitted. The first primitive correctly received is the initiator g
ny action within the receiver. This avoids scenarios, for example, where X_RDY is sent fron
the host,<ollowed by a CONT, and the X_RDY is received improperly resulting in the devic

ot returning an R_RDY and causing the system to deadlock until a timeout/reset conditio

ccufs{ Reception of a CONT primitive when one of the two preceding DWORDs is not a vali
repeated primitive results in undefined behavior.

O 5 P 5 =-~0P 0D

The transmission of a CONT primitive is optional, but the ability to receive and properly
process the CONT primitive is required.

For a list of primitives that may be followed by a CONT, see Table 21.

The host PHY initialization state machine consumes the first few received primitives before
communications between the host and device have been established (see state
HP10:HR_SendAlign in 14.5.6.3.2). In order to ensure proper synchronization between the
host and device after entry into the L1:L_IDLE state from the LS3:L_SendAlign state or the
LPM8:L_WakeUp2 state (see 15.6.3.1 and 15.6.3.4), the use of the CONT primitive is not
allowed after a transition from the LS3:L_SendAlign state or the LPM8:L_WakeUp2 state to
the L1:L_IDLE state until either a minimum of 10 non-ALIGN primitives have been transmitted
or until receipt of a primitive other than SYNC or ALIGN has been detected.
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15.4.5.2 Scrambling of data following the CONT primitive

The data following the CONT shall be the output of an LFSR which implements the same

polynomial as is used to scramble FIS contents. That polynomial is defined in 15.6.

The resulting LFSR value shall be encoded using the 8b/10b rules for encoding data

characters before transmission by the Link layer.

The LFSR used to supply data after the CONT primitive shall be reset to the initial value upon

detection of a COMINIT or COMRESET event.

ince the data following a CONT primitive is discarded by the Link layer, the value of(th
FSR is undefined between CONT primitives. That is, the LFSR result used for .COGN
equence N is not required to be continuous from the last LFSR result of CONT seguenc
-1.

he sequence of LFSR values used to scramble the payload contents of an FISJshall not b
ffected by the scrambling of data used during repeated primitive suppressien. That is, th
ata payload LFSR shall not be advanced during repeated primitive suppression and sha
nly be advanced for each payload data character that is scrambled using the data payloa
FSR. See 15.6 for additional information on scrambling and repeated\primitive suppression.

15.4.6 DMAT primitive

OTE No consistent use of the DMAT (DMA Terminate) facility is defined,» and its use may impact softwarne

cpmpatibility. Implementations should tolerate reception of DMAT as défined in the standard but should avoi
tlansmission of DMAT in order to minimize potential interaction problems. One valid response to reception
MAT is to ignore it and complete the transfer.

O

The DMAT primitive is sent as a request to the «transmitter to terminate a DMA dat
t

1

he DMA context is assumed to remain stable after-the EOF primitive has been sent.

n a parallel implementation of ATA, devices;¢an abort a DMA transfer and post an error, b
egating DMA Request, updating the Error and Status registers, and possibly setting th
NTRQ line. This can be performed for both reads from and writes to the device.

——)

or example, in the serial impleméntation of ATA. a DMA read from device a device ma
brminate the transfer with an EOF; and send a Register Device to Host FIS to the host, wit
rror and Status registers updated appropriately. In the case of a DMA write to device, th
evice sends a DMA Activate'FIS to the host, and then after receiving an SOF, accepts a
ata until receiving an EOE/from the host. Since the device cannot terminate such a transfq
nce started, a DMAT primitive is used.

O QO O mo- T

he DMA Terminate (DMAT) primitive may be sent on the back channel during transmission ¢
Data FIS to signal the transmitter to terminate the transfer in progress. It may be used fd
oth host to device transfers and for device to host transfers. If processed, reception of th
MAT signalshall cause the recipient to close the current frame by inserting the CRC an
OF, andeturn to the idle state.

moo QO

i

orhost to device data transfers, upon receiving the DMAT signal the host may terminate th

ansmission early by computing a CRC on the data sent and ending with a EOF primitive.

O —

9]

[4%

O =

=

<<

T = =

a)
-

—

ansfer in progress by deactivating its DMA engine and closing the frame with valid CRC an

d

OF. The host DMA engine shall preserve its state at the point it was deactivated so that the
device may resume the transmission at a later time by transmitting another DMA Active FIS to
re-activate the DMA engine. The device is responsible for either subsequently resuming the
terminated transfer by transmitting another DMA Activate FIS or closing the affected

command with appropriate status.

For device to host transfers, receipt of DMAT signal by the device results in permanent

termination of the transfer and is not resumable. The device may terminate the transmissio
in progress and close the frame with a valid CRC and EOF, and shall thereafter clean up th

n
e

affected command by indicating appropriate status for that command. No facility for resuming

a device to host transfer terminated with the DMAT signal is provided.

Some implementations may have an implementation-dependent latency associated wit

h

closing the affected Data FIS in response to the DMAT signal. For example, a host adapter
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may have a small transmit FIFO, and in order for the DMA engine to accurately reflect a
resumable state, the data already transferred by the DMA engine to the transmit FIFO may
have to be transmitted prior to closing the affected Data FIS. Designs should minimize the
DMAT response latency while being tolerant of other devices having a long latency.

15.4.7 EOF primitive

EOF marks the end of a frame. The previous non-primitive DWORD is the CRC for the frame.

15.4.8 HOLD/HOLDA primitives
15.4.8.1 General

OLD is transmitted in place of payload data within a frame when the transmitter does™“ng
ave the next payload data ready for transmission. HOLD is also transmittedfon thge
ackchannel when a receiver is not ready to receive additional payload data.

—

[

he HOLDA primitive is sent by a transmitter as long the HOLD primitive is/teceived by it
mpanion receiver.

15.4.8.2 Flow Control Signaling Latency

here is a finite pipeline latency in a round-trip handshake across the\serial interface, In orde
accommodate efficient system design with sufficient buffering-hreadroom to avoid buffg
verflow in flow control situations, the maximum tolerable latency from when a receiver issue
HOLD signal until it receives the HOLDA signal from the transmitter is bounded. This allow|
the limit to be set in the receive FIFO so as to avoid bufferoverflow while avoiding excessiv
uffering/FIFO space.

DO s s

the case where the receiver wants to flow contrelrthe incoming data, it transmits HOLD
haracters on the back channel. Some number of received DWORDs later, valid data ceases
nd HOLDA characters are received. The larger'the latency between transmitting HOLD untj
receiving HOLDA, the larger the receive FIEF© needs to be. The maximum allowed latenc
ffom the time the MSB of the HOLD primitiv&Zis on the wire, until the MSB of the HOLDA is o
the wire shall be no more than 20 DWORDtimes. The LSB is transmitted first. A receiver sha
b
t

o< =

e able to accommodate reception of 206DWORDs of additional data after the time it transmit
ne HOLD flow control character to-the transmitter, and the transmitter shall respond with
HOLDA in response to receivingavHOLD character within 20 DWORD times. See Figure 5
gnd Figure 60 for HOLD/HOLDtransition cases that do respond with HOLDA within 2
OQWORD latency times.

OO DL O

he specified maximum(latency figure is based on the layers and states described throughol
nis document. It is récognized that the Link Layer may have two separate clock domains
ansmit clock domain, and the receive clock domain. It is also recognized that a Link stat
nachine could rumat the DWORD clock rate, implying synchronizers between three potentia
lock domains,\In practice more efficient implementations would be pursued and the actus
tencies may be less than indicated here. This accounting assumes a worst cas
nchronizer latency of 2.99 clocks in any clock domain and is rounded to three whole clocksg.
one-meter cable contains less than one-half DWORD and is therefore rounded to 0. Tw
WQ@RDs of pipeline delay are assumed for the Phy, and the FIFO is assumed to run at th
inkystate machine rate. No synchronization is needed between the two.

=0 3 =+
D == + =

D O

Table 24 outlines the origin of the 20 DWORD latency standard. The example illustrates the
components of a round trip delay when the receiver places a HOLD on the bus until reception
of the HOLDA from the transmitter. This corresponds to the number of DWORDs that the
receiver is able to accept after transmitting a HOLD character.

Table 25 is an example of an SRST write from host to device transmission breaking through a
device to host Data FIS.
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Table 24 — Latency example

Receiver sends HOLD:

1 DWORD Convert to 40 bit data.

1 DWORD 10b/8b conversion.

1 DWORD De scrambling.

3 DWORDs Synchronization between receive clock, and Link state machine

clock.

1 DWORD

Link stoto maching is naotifigd that nrimitivg hao bagn racaoivad
P T

1 DWORD Link state machine takes action.

1 DWORD FIFO is notified of primitive reception.

1 DWORD FIFO stops sending data to Link layer.

1 DWORD Link is notified to insert HOLDA.

1 DWORD Link acts on notification and inserts HOLDA into/@ata stream.

1 DWORD Scrambling

1 DWORD 8b/10b conversion.

1 DWORD Synchronize to transmit clock (3-transmit clocks, which are foyr
times the Link state machine rate):

1 DWORD Convert to 10 bit data.

2 DWORDs Phy, transmit side.

HOLDA on the cable.

Table 25 — SRST write from host to device transmission breaking through a device to

host Data FIS

Host driver Device driver Description
Previous,activity abbreviated for clarity
R_IP Data n Device transmitting data
R_IP Data n+1
R_IP HOLD Device transmit FIFO empty, and flow control applied
R_IP HOLD Host receives and decodes HOLD flow control
HOLDA HOLD :?)Sreta ad(;l<tgof\(/)vlrﬁtljgoe;i;lgv:dcr?vrgrr?&.nlg;avice internally deadlocked and no
HOLDA HOLD
System in this state until host decides to reset drive
HOLDA HOLD Host detects SRST write to control register, needs to break deadlock
SYNC HOLD Host transmits SYNC primitive to abort current transmission
SYNCE HOLD Device receives and decodes SYNC, abandons transmission in progress|
SYNC SYNC Host sends SYNC / Device sends SYNC (both returned to idle state)
SYNC SYNC Host receives and decodes SYNC, may now initiate new FIS transmission
X_RDY SYNC Host ready to send Shadow Control Block for SRST write
X_RDY SYNC Device decodes X_RDY
X_RDY R_RDY Device indicates ready to receive
X_RDY R_RDY Host decodes R_RDY
SOF R_RDY Host starts a frame
etc. etc. etc.
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15.4.9 PMREQ_P, PMREQ_S, PMACK, and PMNAK primitives

The PMREQ_P primitive is sent continuously to enter Partial power management state until
PMACK or PMNAK is received. When PMACK is received, current node (host or device) will

stop PMREQ_P and enters the Partial power management state.

The PMREQ_S primitive is sent continuously to enter Slumber power management state until
PMACK or PMNAK is received. When PMACK is received, current node (host or device) will

stop PMREQ_S and enters the Slumber power management state.

PMACK is sent in respanse ta a PMRFO_Q ar PMRFO_P when a receiving node is prepare

tp enter a power mode state.

AMNAK is sent in response to a PMREQ_S or PMREQ_P when a receiving nodé)is nd
prepared to enter a power mode state or when power management is not supported!

—

5.4.10 R_ERR primitive

urrent node (host or device) detected an error in received payload.

o

15.4.11 R_IP primitive
urrent node (host or device) is receiving payload.

o

15.4.12 R_OK primitive

urrent node (host or device) detected no error in received payload.

()

15.4.13 R_RDY primitive

urrent node (host or device) is ready to receive payload.

o

15.4.14 SOF primitive
tart of a frame. Payload and CRC follow to EOF.

(ds)

15.4.15 SYNC primitive

ynchronizing primitive - Indicates physical interface is idle.

[ds)

15.4.16 WTRM primitive

fter transmission of the EQF ‘primitive, the transmitter transmits WTRM while waiting fq
pception of a R_ERR or R"OK primitive from the receiver.

o >

15.4.17 X_RDY primitive
urrent node (host\or'device) has payload ready for transmission

Qo

15.4.18 Examples
he following examples illustrate basic primitive usage.

b o |

igure 57 illustrates use of the CONT primitive in the transmission of an FIS.

Tlable 26 illustrates Shadow Command Block and Shadow Control Block transmission.

Table 27 illustrates data transmission from host to device.

Table 28 illustrates DMA data transmission from host to device with the device terminating
transmission.

=
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Transmitter Receiver
XXXX XXXX
XXXX ) XXXX

X RDY Indicates regdy XXXX
X RDY to transmit SXOOXK
CONT XXXX
XXXX XXXX
XXXX Indicates ready R_RDY
XXX toreceiv R—RDY
XXXX / CONT
SOF Indicates start XXXX
TYPE of frame XXXX
DATA XXXX
DATA R IP
DATA R IP
DATA Indicates desire CONT
HOLD to pause transfer XXXX
HOLD XXXX
CONT XXXX
XXXX XXXX
XXXX HOLDA
XXXX Indicates desire HOLDA
HOLD to continue CONT
DATA transfer XXXX
DATA XXXX
DATA XXXX
CRC XXXX
EOF R IP
WTRM Indicates waiting R IP
WTRM for results CONT
WTRM XXXX
CONT XXXX
XXXX Indicates results R OK
XXXX OK R OK
XXXXK CONT
XXXX . XXXX
SYNC Indicates transfer XXX
SYNC complete, bus XXXX
CONT XXXX
XXXX XXXX
XXXX SYNC
XXXX SYNC
XXXX CONT
XXXX XXXX
XXXX XXXX
NOTE=
XXXX Scrambled data values (non-primitives)
DATA FIS payload data

Figure 57 — CONT usage example
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Table 26 — Shadow Command Block and Shadow Control Block transmission example

Host driver Device driver Description

SYNC SYNC Idle condition

SYNC SYNC Idle condition

X RDY SYNC Host ready to send Shadow Command Block and Shadow Control
- Block

X_RDY SYNC Device decodes X_RDY

X_RDY R_RDY Device indicates ready 10 receive

X_RDY R_RDY Host decodes R_RDY
SOF R_RDY Host starts a frame

Hdr O R_RDY Host sends Register FIS DWORD 0 / device decodes SOF
Hdr 1 R_IP Host sends Register FIS DWORD 1 / device storesHdr0
Hdr n R_IP Host sends Register FIS DWORD n / device stores Hdr n-1
CRC R_IP Host sends CRC / device stores Hdr n
EOF R_IP Host sends EOF / device stores CRC

WTRM R_IP Device decodes EOF

WTRM R_IP Device computes good CRE.and releases TF contents

WTRM R_OK Device sends good end

WTRM R_OK Host decodes R_OK.as*good results

SYNC R_OK Host releases intéetface

SYNC R_OK Device decodes release by host - is allowed to release
SYNC SYNC Idle condition
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Table 27 — Data from host to device transmission example

Host driver Device driver Description
SYNC SYNC Idle condition
SYNC SYNC Idle condition
X RDY SYNC Host ready to send Shadow Command Block and Shadow Control
- Block
X_RDY SYNC Device decodes X_RDY
X_RDY R_RDY Device indicates ready 10 receive
X_RDY R_RDY Host decodes R_RDY
SOF R_RDY Host starts a frame
Hdr 0 R_RDY Host sends header DWORD 0 / device decodes SOF
Hdr 1 R_IP Host sends header DWORD 1 / device stores headet, DWORD 0
Dat x R_IP Host sends data DWORD x / device stores, data DWORD (x-1)
HOLD R_IP :%sLtDsends HOLD / device stores data,DWORD (x) and decodes
HOLD HOLDA Device acknowledges HOLD
HOLD HOLDA Host decodes HOLDA - hostsnayrelease HOLD at any time
Dat(n-3) HOLDA Host sends (n-2)th data BWORD / device decodes data DWORD
Dat(n-2) R_IP Host sends (n-1)th data, DWORD / device Stores (n-2)th data DWORI
Dat(n-1) R_IP Host sends nth data\DWORD / device ores (n-1)th data DWORD
CRC R_IP Host sends CRC "/ device stores nth data DWORD
EOF R_IP Host sends-EOF / device stores CRC
WTRM R_IP Device-decodes EOF
WTRM R_IP Device computes good CRC and releases data contents
WTRM R_OK Device sends good end
WTRM R_OK Host decodes R_OK as good results
SYNC R_@K Host releases interface
SYNC R~OK Device decodes release by host - is allowed to release
SYNC SYNC Idle condition
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Table 28 — DMA data from host to device, device terminates transmission example

Host driver Device driver Description
SYNC SYNC Idle condition
SYNC SYNC Idle condition
X_RDY SYNC Host ready to send data
X_RDY SYNC Device decodes X_RDY
X RDY R RDY Device indicates ready to receive
X_RDY R_RDY Host decodes R_RDY
SOF R_RDY Host starts a frame
Hdr 0 R_RDY Host sends header DWORD 0 / device decodes SOF
Dat 0 R_IP Host sends data DWORD 0
Host sends data DWORD x / device stores data DWORD
Dat x DMAT Device decides to terminate, sends DMAT
Dat x R_IP Host decodes DMAT - host prepares.to terminate
CRC R_IP Host sends current CRC value
EOF R_IP Host sends EOF / device stores CRC
WTRM R_IP Device decodes EOF
WTRM R_IP Device computes goodiCRC and releases data contents
WTRM R_OK Device sends good-end
WTRM R_OK Host decodes(R_OK as good results
SYNC R_OK Host releases interface
SYNC R_OK Deviceidecodes release by host - is allowed to release
SYNC SYNC Idle-condition
15.5 CRC calculation
Tlhe CRC (Cyclic Redundancy*Check) of a frame is a DWORD (32-bit) field that shall follow
the last DWORD of the‘contents of an FIS and precede the EOF primitive. The CRC
galculation covers all_of-the FIS transport data between the SOF and EOF primitives, angd
gxcludes any interyening primitives and CONT stream contents. The CRC value shall bg
gomputed on the. centents of the FIS before encoding for transmission (scrambling) and aftgr
decoding upon.eception.
Tlhe CRC shall be calculated on DWORD quantities. If an FIS contains an odd number of
words the last word of the FIS shall be padded with zeros to a full DWORD before the
OQWORD:.is used in the calculation of the CRC.
The”CRC shall be aligned on a DWORD boundary.

The CRC shall be calculated using the following 32-bit generator polynomial:
G(X):XSZ+X26+X23+X22+X16+X12+X11+X10+X8+X7+X5+X4+X2+X+1

The CRC value shall be initialized with a value of 52325032h before the calculation begins.

The maximum number of DWORDs between the SOF primitive to the EOF primitive shall not

exceed 2064 DWORDs including the FIS type and CRC.
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15.6 Scrambling

15.6.1 Frame content scrambling

15.6.1.1 General

The contents of a frame, that is, all data words between the SOF and EOF including the CRC,
shall be scrambled before transmission by the physical layer.

Scrambling shall be performed on DWORD quantities by XORing the data to be transmitted
with the output of a linear feedback shift register (LFSR). The shift register shall implement

the fnllnwing Innlynnminl-

G =X+ x "+ x4 x X+ 1

he serial shift register shall be initialized with a value of FFFFh before the first ishifted
utput. The shift register shall be initialized to the seed value before the SOF primitive.

15.6.1.2 Relationship between scrambling and CRC

he order of application of scrambling shall be as follows. For a DWORD of'data following the
OF primitive the DWORD shall be used in the calculation of the CRC. FThe)same DWORD
alue shall be XORed with the scrambler output, and the resulting DWEORD submitted to the
b/10b encoder for transmission. Similarly, on reception, the DWORD Jshall be decoded using
10b/8b decoder, the scrambler output shall be XORed with the resulting DWORD, and the

resulting DWORD presented to the Link layer and subsequently-used in calculating the CRC.
he CRC DWORD shall be scrambled according to the same’ rutes.

15.6.2 Repeated primitive suppression
15.6.2.1 General

second linear feedback shift register shall be,used to provide scrambled data for th
uppression of repeated primitives with the CONT primitive (see 15.4.5). This LFSR sha
implement the same polynomial as the frame sgrambling LFSR but need not be reinitialized.

= O

15.6.2.2 Relationship between scrambling of FIS data and repeated primitives

here are two separate scramblers used in the serial implementation of ATA. One scramble

i$ used for the data payload encoding-and a separate scrambler is used for repeated primitiv

uppression. The scrambler used,for data payload encoding shall maintain consistent an

ntiguous context over the scrambled payload data characters of a frame (between SOF an

OF), and shall not have its\'‘context affected by the scrambling of data used for repeate
rimitive suppression.

OO0 =

crambling is applied to ‘all data (non-primitive) DWORDs. Primitives, including ALIGN, do ng
et scrambled and-Shall not advance the data payload LFSR register. Similarly, the dat
ayload LFSR shall not be advanced during transmission of DWORDs during repeate
rimitive suppression (i.e. after a CONT primitive). Since it is possible for a repeated primitiv
ream to occur in the middle of a data frame - multiple HOLD/HOLDA primitives are likely
re shodld 'be taken to ensure that the data payload LFSR is only advanced for each dat
ayloadidata character that it scrambles and that it is not advanced for primitives or for dat
haracters transmitted as part of repeated primitive suppression.

DL v OO ~

15°6:
15.6.3.1 Link idle state diagram
Figure 58 shows the link idle state diagram.
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L1:L_IDLE
Transmit SYNC
Link transaction completed Frame transmission requested by Host Transport
LT3:L1 layer and PhyRdy
LT4:L1 — L1:LT1 ——— HL_SendChkRdy
LT5:L1
LT6:L1 frame transmission requested by Device Trans port
LT7:L1 Layer and PhyRdy
LT8:L1 —— L1:LT2 e DL_SendChkRdy
L TO-1 1 Dortiol eoo tad by, Teoncmart ] oo oo d Dby DAL,
: Rartal-reguested-by—TransperttayerandPhyRdy
] ::2411:::1 — L1LPM1 —  L_TPMPartial
LR6:L1 Slumber requested by Transport Layer and PhyRdy
IF_>|EI\7/I:I1_'1L1 — LT:LPM2 — = | TPMSlumber
LPM2;L1 X_RDY received from Phy Layer and PhyRdy
LPM4:L1 — L11LR2 —— = L RcvWaitFifo
LPM8:L1

PMREQ requested by Phy Layer and poweér

d bled and PhyRd
Phy layer forwards AnyDword other modes enabled an yrdy

than (X_RDY or PMREQ_P or — LTLPM3S ——— L PMOff
PMREQ_S) and no transmit request PMREQ requested by Phy Layer and power
from Transport layer . ___| modes disabled and PhyRdy
L1:L1
< — L1:LPM4—— | PMDeny
PhyNRd
Y Y L1LS1 —
LS1: L_NoCommErr et
Post Phy Not Ready error \
to Transport Layer
LS2: L_NoComm \
PhyNRdy posted Transmit ALIGN
— LS1:LS2 PhyNRdy
LS4: L_RESET — LS2:LS2
Reset Link to Known-€enditions 4_-,\/
Resetnegated PhyRdy
Link Reset L Us4:Ls2 > LS2:LS3
asserted
xx:LS4 —=i LS3: L_SendAlign
Transmit ALIGN

PhyNRdy
—LS3:LS1 ;/
PhyRdy /
— 18311

Figure 58 — Link idle state diagram (States L1, LS1-LS3)

L1: L_IDLE state: This state is entered when a frame transmission has been completed
by the Link layer or from Power Management or as a result of errors in the Link Transmit or
Link Receive states. When entered from the LS3:L1 SendAlign state or the LPMS8:L1
WakeUp2 state, use of the CONT primitive is subject to restrictions as outlined in 15.4.5.

When in this state, the Link layer transmits the SYNC primitive and waits for an X _RDY
primitive from the Physical layer or a frame transmission request from the Transport layer.
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Transition L1:LT1: When the host Link layer receives a request to transmit a frame from the
Transport layer and the Physical layer is ready, the Link layer shall make a transition to the
LT1: HL_SendChkRdy state. This transition is taken even if errors such as 10b decoding
errors are detected.

Transition L1:LT2: When the device Link layer receives a request to transmit a frame from
the Transport layer and the Physical layer is ready, the Link layer shall make a transition to
the LT2: DL_SendChkRdy state. This transition is taken even if errors such as 10b decoding
errors are detected.

Transition CT:LPMT: When the Link layer receives a request to enter the Partial pows§
mode from the Transport layer and the Physical layer is ready, the Link layer shall make
transition to the LPM1: L_TPMPartial state. This transition is taken even if errors such-as 10
decoding errors are detected.

O O =

Transition L1:LPM2: When the Link layer receives a request to enter the Slumber pows
mode from the Transport layer and the Physical layer is ready, the Link layen shall make
transition to the LPM2: L_TPMSIumber state. This transition is taken even |if errors such apg
10b decoding errors are detected.

L =

Transition L1:LR2: When the Link layer receives an X_RDY from\\the Physical layer, the
ink layer shall make a transition to the LR2: L_RcvWaitFifo state!

—

Transition L1:LPM3: Phy layer forwards (PMREQ_P or RMREQ_S) and power mode
1re enabled: When the Link layer receives a PMREQ_R<or PMREQ_S from the Physica
layer and is enabled to perform power management snodes, the Link layer shall make p
transition to the LPM3: L_PMOff state.

=W

Transition L1:LPM4: Phy layer forwards (PMREQ_P or PMREQ_S) and power modep
qre disabled: When the Link layer receives axRMREQ_P or a PMREQ_S from the Physica
layer and is not enabled to perform power management modes, the Link layer shall make
transition to the LPM4: L_PMDeny state.

o =

ransition L1:L1: Phy layer forwards AnyDword other than (X_RDY or PMREQ_P o

MREQ_S) and no transmit request-from Transport layer: When the Link layer does ng
receive a request to transmit a frame from the Transport layer, does not receive a request t
do to a power mode from the Transport layer, does not receive an X_RDY from the Physicg
layer or does not receive a RMREQ_P or PMREQ_S from the Physical layer the Link laye
shall make a transition tothe L1: L_IDLE state. This transition is taken even if errors such a
10b decoding errors dre detected. This state ignores any unrecognized sequences d
grimitives not defined/by-this standard.

- N = =0 ~ =

[2)

ransition L1:LS1> If the Physical layer becomes not ready even if the Transport layer i
requesting an.Operation, the Link layer transitions to the L_NoCommErr state.

S1: LANoCommErr state: This state is entered upon detection of a not ready
gondition~of the Physical layer while attempting to process another state. The entry into this
gtate’ indicates an error condition in the Link layer.

passed to the transport layer.

LS2: L_NoComm state: This state is entered directly from the LS1:L_NoCommErr state
or the LS4:L_RESET State. The Link Layer remains in this state until the Phy signals that it
has established communications and is ready.

While in this state, enable Physical Layer and transmit ALIGN primitives.

Transition LS2:LS2: If the Physical layer signals it is not ready, the transition is made to
LS2: L NoComm.

Transition LS2:LS3: When the Physical layer signals it is ready, a transition is made to
LS3: L_SendAlign.
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LS3: L_SendAlign state: This state is entered when PhyRdy is detected.
When in this state ALIGN is transmitted.

Transition LS3:LS1: If the Physical layer becomes not ready, then a transition is made to
LS1: L_NoCommeErr.

Transition LS3:L1: |If the Phy indicates that it is ready, a transition is made to the L1:
L_IDLE state.

O94: L_REOSET state: This state is entered whenever the Link Reset control is activT
Il Link layer hardware is initialized to and held at initial conditions. While in this statea|l
requests or triggers from other layers are ignored. While in this state, the Phy reset signal is
Iso asserted.

Transition xx:LS4: While the RESET control is active a transition is made backto the LS4:
U RESET state.

—

ransition LS4:LS2: When the RESET control goes inactive a transition is made to the LS2:
| NoComm state.

—
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15.6.3.2 Link transmit state diagram

LT1: HL_SendChkRdy LT2: DL_SendChkRdy
Transmit X_RDY Transmit X_RDY
Host Transport Device Transport AnyDword except
Requests Frame Requests Frame xmit | R RDY recvd
xmit X_RDY from Phy —L1LT2 =——et—LT2:LT2
—L1LT1 —{ — - B ——
AnvDword N —LT1:LR2 —=L_RcvWaitFifo LT3: L_SendSOF
nybword excep Transmit SOF
(R_RDY or R_RDY recvd
X_RDY) recvd R RDY recvd — LIZLTS =
CLHTTT 1 41173
- SYNC recvd %error)
LT4: L_SendData L IDLE —-=-—LT3:L1 —
Transmit Data Dword SOF sent
- LT3:LT4 —
Transmit not complete and Data notready, LT6: L) SendHold
and AnyDword except SYNC recvd Tfansmit HOLD
L LT4.LT6 e
More data readyto xmit and AnyDword
More data to xmit except (HOLD or SYNC) recvd 1\ T6-LT4
and AnyDword _ LT5: L_RcvrHold '
except (HOLD, More data to xmit Transmit HOLDA Dataxmit not complete
DMAT, or SYNC) | and HOLD recvd e — and.data not ready to
recvd from Phy T— LT4:LT5 > Mo_rte dzta to xmit and AnyDword
xmit an
LT4:LT4—] More data to xmit and HOLD recvd, gxl\(llzipl't (SYNdC or
- AnyDword except (HOLD, | or DecErr ) recy LT6:LT6—
Pata transmit SYNC or DMAT) recvd C :
complete for this LT5:LT4 —LT5:LT5 .
Frame and ' " ) More data rdy to xmit
AnyDword except [SYNC recvd (error), or request and HOLD recvd
SYNC recvd), or  |to xmitReg FISw/ C=0 - LT6:LT5
DMAT recvd — LT4:.L1—L_IDLE SYNC recvd (error), or Host Transport
LT4:LT7 requests to xmit Reg FISw / C=0
/, L IDLE <—LT6:L1 —
LT7: L_SendCRC SYNC recvd (_error), or Host T_ransport
Transmit CRC More'data to xmit | requestto xmit Reg FISw/ C=0
and DMAT recvd [— LT5L1—=L_IDLE
- LT5:LT7 DMAT recvd from Phy
- LT6:LT7 —
LT8: L_SendEOF LT9: L_Wait
\ Transmit EOF Transmit WTRM
CRC Sent EOF Sent R_OK recvd (good status)
—LT7LT8 ————— 1 | 18179 =————|— LTO:L1 — L_IDLE
R_ERR recvd (bad status)
SYNC recvd (error) L L T9L1— L IDLE
— LT7:L1=—=—__IDLE
SYNC recvd (error), or host
Transport requests to xmit Reg HD
S‘l’l“l‘C IUL;VCI. (UII Ul ) FIS Wlth C:O
—LT8:L1-=L_IDLE — LT9:L1—=L_IDLE
AnyDword except (R_OK,
See Text for complete requirements. R_ERR, or SYNC) recvd
Not shown - If PhyNRdy reported from any LT state, - ET9'LT9
make transition to LS1: L_NoCommErr __)

Figure 59 — Link transmit state diagram (States LT1-LT9)

In any state of the Link transmit state diagram, if the Link layer detects the Phy layer is not
ready, the Link layer will notify the Transport layer, fail the attempted transfer, and make a
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transition to LS1: L_NoCommErr. These transitions are not shown in the state diagram to

improve clarity.

LT1: HL_SendChkRdy state: This state is entered when a frame transmission has
been requested by the host Transport layer.

When in this state, the Link layer transmits an X_RDY primitive and waits for an X_RDY
primitive or R_RDY primitive from the Physical layer.

NOTE It is possible that both the host and the device simultaneously request frame transmission by transmitting

L| Rchhdey state, postponing_ its desired frame transrﬁissioﬁ until the device has completed its framé
tlansmission and the bus is idle.

Transition LT1:LT3: When the host Link layer receives an R_RDY primitivenfrom th
Rhysical layer, the Link layer shall make a transition to the LT3: L_SendSOF state.

4

Transition LT1:LR2: When the host Link layer receives an X_RDY primitive from the
Rhysical layer, the Link layer shall make a transition to the LR2: L_RcvWaitFifo state.

Transition LT1:LT1: AnyDword other than (R_RDY or X_RDY) recg€ived from Phy layer:
When the host Link layer receives any DWORD other than an R_RDY'or an X_RDY primitiv
ffom the Physical layer, the Link layer shall make a transition t6-the LT1: HL_SendChkRdly
state. Any received errors such as 10b decoding errors and invalid'primitives are ignored.

()

Transition LT1:LS1: When the host Link layer detects that the Physical layer is not read
the Link layer shall notify the Transport layer of the condition, fail the attempted transfer, an
make a transition to the LS1: L_NoCommErr state.

o<

—

. T2: DL_SendChkRdy state: This state i§sentered when a frame transmission hafs
een requested by the device Transport layer.

O

Vhen in this state, the Link layer transmits’ an X_RDY primitive and waits for an R_RDY
rimitive from the Physical layer.

ransition LT2:LT3: When the .device Link layer receives an R_RDY primitive from the
hysical layer, the Link layer shall make a transition to the LT3: L_SendSOF state.

Transition LT2:LT2: AnyDword other than R_RDY received from Phy: When the devic
Link layer does not receiveyan R_RDY primitive from the Physical layer, the Link layer shal
make a transition to the LT2: DL_SendChkRdy state.

()

—

ransition LT2:LS1:y"When the device Link layer detects that the Physical layer is not read
ne Link layer shall* notify the Transport layer of the condition and make a transition to th
S1: L_NoConimErr state.

— —
D <<

UT3: L_SendSOF state: This state is entered an R_RDY primitive has been receivef
ffom the-Physical layer.

When'in this state, the Link layer transmits an SOF primitive.

Transition LT3:LT4: When the device Link layer has transmitted an SOF primitive, the Link
layer shall make a transition to the LT4: L_SendDATA state. Any received errors such as 10b
decoding errors and invalid primitives are ignored.

Transition LT3:LS1: When the Link layer detects that the Physical layer is not ready the
Link layer shall notify the Transport layer of the condition, fail the attempted transfer, and
make a transition to the LS1: L_NoCommErr state.

Transition LT3:L1: When the Link layer receives a SYNC primitive from the Physical layer,
the Link layer shall notify the Transport layer of the illegal transition error condition and shall
make a transition to the L1:L_IDLE state.
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LT4: L_SendData state: This state is entered when an SOF primitive has bee
transmitted.

n

When in this state, the Link layer takes a data DWORD from the Transport layer, encodes the
DWORD, and transmits it. The DWORD is also entered into the CRC calculation before

encoding.

Transition LT4:LT4: More data to transmit and AnyDword other than (HOLD or DMAT
or SYNC) received from Phy: When the Link layer receives any DWORD other than a
HOLD, DMAT, or SYNC primitive from the Physical layer and the Transport layer indicates a

WORD is available for transfer, the Link layer may make a transition to the LT4:

SendData state. (Use of DMAT is not recommended, see 15.4.6.) The DMAT signal*i
dvisory and data transmission should be halted at the earliest opportunity but is not require
tp cease immediately. It is therefore allowable to stay in the LT4: L_SendData state whe
there is more data to transmit and DMAT is received. Any received errors such as 10
ecoding errors and invalid primitives are ignored.

ransition LT4:LT5: When the Link layer receives a HOLD primitive from the Physical laye
the Link layer shall make a transition to the LT5: L_RcvrHold state.

ransition LT4:LT6: Data transmit not complete and data not ready to transmit an
nyDword other than SYNC received from Phy: When the Tfansport layer indicates thg
ne next DWORD is not available to transfer and any DWORD: other than a SYNC primitiv

— o ot

| SendHold state.

ransition LT4:LT7: DMAT received from Phy or data transmit complete and AnyDwor
ther than SYNC received from Phy: When the Transport layer indicates that all data fg
ne frame has been transferred and any DWQORD other than a SYNC primitive has bee

| SendCRC state. (Use of DMAT is not recommended, see 15.4.6) When the Link layg
bceives a DMAT primitive from the Physical layer, it may notify the Transport layer an

| SendCRC state. The DMAT signal, is* advisory and data transmission should be halted 3
ne earliest opportunity but is not:réquired to cease immediately. It is therefore allowable t

[t =l I milion B = o WS |

Any received errors such as 10b, decoding errors and invalid primitives are ignored.

Transition LT4:L1: When the Link layer receives a SYNC primitive from the Physical laye
the Link layer shall notify/the Transport layer of the illegal transition error condition, fail th
dttempted transfer, and'shall make a transition to the L1:L_IDLE state.

Vhen the host Link layer receives notification from the host Transport layer that a Registd
IS with C=0-isvpending for transmission (typically due to SRST being toggled), the currer
ansfer shall-be aborted and a transition to the L_IDLE state shall be made. The return to th
| IDLE state results in the transmission of SYNC primitives, which causes the receiving Lin
ayer tovalso transition to the L1: L_IDLE state. The Register FIS with C=0 may then b
ansmitted as a Register FIS Host to Device. When this condition is true, the associate

o o<

as been received from the Physical layer, the Link layer shalFmake a transition to the LT§:

bceived from the Physical layer, the Link ‘fayer shall make a transition to the LT7:

brminate the transmission in progress_as described in 15.4.6 and shall transition to the LTY:

stay in the LT4: L_SendData state,when there is more data to transmit and DMAT is received.

| @i N © N /)

D —~ L&

=

Q=

O —~

9]

O DO XN D —~ =

— —.~ —

ansition has priority over all other transitions exiting this state.

Transition LT4:LS1: When the Link layer detects that the Physical layer is not ready the
Link layer shall notify the Transport layer of the condition, fail the attempted transfer, and

make a transition to the LS1: L_NoCommErr state.

LT5: L_RcvrHold state: This state is entered when a HOLD primitive has bee
received from the Physical layer.

When in this state, the Link layer shall transmit the HOLDA primitive.

n

Transition LT5:LT4: More data to transmit and AnyDword other than (HOLD or SYNC or
DMAT) received from Phy: When the Link layer receives any DWORD other than a HOLD,
SYNC, or a DMAT primitive from the Physical layer and the Transport layer indicates that a
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DWORD is available for transfer, the Link layer shall make a transition to the LT4:
L_SendData state.

Transition LT5:LT5: When the Link layer receives a HOLD primitive from the Physical layer
or a decoding error was detected, the Link layer shall make a transition to the LT5:
L_RcvrHold state.

Transition LT5:L1: When the Link layer receives a SYNC primitive from the Physical layer,
the Link layer shall notify the Transport layer of the illegal transition error, fail the attempted
transfer, and shall make a transition to the L1: L_IDLE state.

hen the host Link layer receives notification from the host Transport layer that a Registe
HIS with C=0 is pending for transmission (typically due to SRST being toggled), the.currer
transfer shall be aborted and a transition to the L1:L_IDLE state shall be made. The, return t
the L1:L_IDLE state results in the transmission of SYNC primitives, which causes th
receiving Link layer to also transition to the L1:L_IDLE state. The Register FIS wjth C=0 ma
then be transmitted as a Register FIS Host to Device. When this condition is true, th
dssociated transition has priority over all other transitions exiting this state.

D O =~ =

b <<

ransition LT5:LT7: When the Link layer receives a DMAT primitive from the Physical laye
i may notify the Transport layer and terminate the transmission in/progress as described i

> -
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the LT5: L_RcvrHold state when there is more data to traAsmit and DMAT is received. An

received errors such as 10b decoding errors and invalid<rimitives are ignored.

ransition LT5:LS1: When the Link layer detectscthat the Physical layer is not ready th
ink layer shall notify the Transport layer of thegondition, fail the attempted transfer, an
ake a transition to the LS1: L_ NoCommErr state.

o

T6: L_SendHold state: This state:i¢’ entered when the Transport layer indicates p
JWORD is not available for transfer and a HOLD primitive has not been received from the
Hhysical layer.

hen in this state, the Link layer'shall transmit the HOLD primitive.

ransition LT6:LT4: More 'data ready to transmit and AnyDword other than (HOLD o
3YNC) received from Phy:\When the Link layer receives any DWORD other than a HOLD g
JYNC primitive from the Physical layer and the Transport layer indicates that a DWORD s
qvailable for transfer,(the Link layer shall make a transition to the LT4: L_SendData state.

==

ransition LT6:LT5: When the Link layer receives a HOLD primitive from the Physical laygr
gnd the Transport layer indicates a DWORD is available for transfer, the Link layer shall makg
q transition tothe LT5: L_RcvrHold state.

ransition”LT6:LT6: Data transmit not complete and data not ready to transmit and
AnyDword other than (SYNC or DMAT) received from Phy: When the Transport laygr
indicates that a DWORD is not available for transfer and any DWORD other than a SYNC gr
IA'AA :",- o -,-= H vra Nno . via N m o - .. D
the LT6: L_SendHold state.

Transition LT6:LT7: When the Link layer receives a DMAT primitive from the Physical layer,
it may notify the Transport layer and terminate the transmission in progress as described in
15.4.6 and transition to the LT7:L_SendCRC state. (Use of DMAT is not recommended, see
15.4.6.) The DMAT signal is advisory and data transmission should be halted at the earliest
opportunity but is not required to cease immediately. It is therefore allowable to stay in the
LT6: L_SendHold state when there is more data to transmit and DMAT is received. Any
received errors such as 10b decoding errors and invalid primitives are ignored.

Transition LT6:L1: When the Link layer receives a SYNC primitive from the Physical layer,
the Link layer shall make a transition to the L1: L_IDLE state. The Transport layer shall be
notified of the illegal transition error condition and fail the attempted transfer.
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When the host Link layer receives notification from the host Transport layer that a Register
FIS with C=0 is pending for transmission (typically due to SRST being toggled), the current
transfer shall be aborted and a transition to the L_IDLE state shall be made. The return to the

L

_IDLE state results in the transmission of SYNC primitives, which causes the receiving Link

layer to also ftransition to the L_IDLE state. The Register FIS with C=0 may then be
transmitted as a Register FIS Host to Device. When this condition is true, the associated
transition has priority over all other transitions exiting this state.

Transition LT6:LS1: When the Link layer detects that the Physical layer is not ready the

L

ink layer shall notify the Transport layer of the condition, fail the attempted transfer, and

[ |

b S el |

Q == —f
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o =
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dttempted transfer;and shall make a transition to the L1:L_IDLE state.

ake a transition to the LS1: L_ NoCommErr state.

—

T7: L_SendCRC state: This state is entered when the Transport layer indicates’ tha
I data DWORDs have been transferred for this frame.

Vhen in this state, the Link layer shall transmit the calculated CRC for the frame.

ransition LT7:LT8: When the CRC has been transmitted, the Link layer shall make p
ansition to the LT8: L_SendEOF state.

ransition LT7:LS1: When the Link layer detects that the Physical layer is not ready th
ink layer shall notify the Transport layer of the condition, fail the attempted transfer, and
hake a transition to the LS1: L_NoCommErr state.

[

ransition LT7:L1: If the Phy is Ready and the Link layer receives a SYNC primitive fror
he Physical layer, the Link layer shall notify the Transport/layer of the illegal transition errg

5 D

ondition, fail the attempted transfer, and shall make atransition to the L1:L_IDLE state.
| T8: L_SendEOF state: This state is enteréd when the CRC for the frame has beep
ansmitted.

Vhen in this state, the Link layer shall transmit the EOF primitive.

ransition LT8:LT9: When the EOF<primitive has been transmitted, the Link layer sha|
nake a transition to the LT9: L_Wait-state.

ransition LT8:LS1: When the-Link layer detects that the Physical layer is not ready th
ink layer shall notify the Tfansport layer of the condition, fail the attempted transfer, and
nake a transition to the LS *"L_NoCommErr state.

[

ransition LT8:L1: Mhen the Link layer receives a SYNC primitive from the Physical laye
ne Link layer shallCnotify the Transport layer of the illegal transition error condition, fail th

[

L T9: L_Wait state: This state is entered when the EOF primitive has been transmitted.
Vhen in-this state, the Link layer shall transmit the WTRM primitive.

ransition LT9:L1: When the Link layer receives a R_OK primitive from the Physical laye

t

he ink Iaynr shall nnfify the Tranepnr’r Inynr and make a transition to the L1: L IDLE state

Transition LT9:L1: When the Link layer receives a R_ERR primitive from the Physical layer,
the Link layer shall notify the Transport layer, fail the attempted transfer, and make a
transition to the L1: L_IDLE state.

Transition LT9:L1: When the Link layer receives a SYNC primitive from the Physical layer,
the Link layer shall notify the Transport layer, fail the attempted transfer, and make a
transition to the L1: L_IDLE state. If the Host transport requests to transmit a Register HD FIS
with C=0, the transport shall make a transition to the L1: L_IDLE state.

Transition LT9:LT9: AnyDword other than (R_OK or R_ERR, or SYNC) received from
Phy: When the Link layer receives any DWORD other than an R_OK, R_ERR, or SYNC
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primitive from the Physical layer, the Link layer shall make a transition to the LT9: L_Wait
state.

Transition LT9:LS1: When the Link layer detects that the Physical layer is not ready the
Link layer shall notify the Transport layer of the condition, fail the attempted transfer, and
make a transition to the LS1: L_NoCommErr state.
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15.6.3.3 Link receive state diagram

LR2: L_RcvWait Fifo LR1: L_RcvChkRdy
Transmit SYNC Transmit R_RDY
X RDY recvd AnyDword except X_RDY recvd X_RDY recvd
LV recv L LR1:L1 —e= [ LR1:LR1
from Phy & not LR1:L1 L_IDLE D
Ready to X_RDY & FIFO not ready
Receive FIS L LR2:LR2 AnyDword except (X_RDY
L1:LR2 | ) ) or SOF) recvd
LT1:LR2 . —LR1:L1 —= L IDLE
‘ LPM1LR2 ‘ X_RDY & FIFO ready
LPM2:LR2 — LRZLR1 = LR5: L_SendHoldA
LR3: L_RcvData SOF recvd Transmit HOLDA or DMAT
Transmit R_IP or DMAT LR1:LR3 —]
Data word recvd
hnd space for more) AnyDword except (HOLD, EOF, or SYNC) recvd
br (HOLDA recvd) or LR5:LR3
\nyDword except HOLD recvd
HOLD, HOLDA, — LR3:LR5 -
EOF, WTRM, or LR4: L_Hold
5YNC received) Transmit HOLD HOLD recvd
LR3:LR3 ——| Data word recvd — — LRS:LRS
C— ’ »| and no space for more data No space for more data, EOF or <—>
WTRM recvd [— LR3:'LR4 ———————— | SYNC not recvd

— LR4:LR4
LR3:LR9 — Space for more data and < >

EOF recvd | AnyDword except (HOLD or
EOF) recvd Space for more data

/,_ LR3:LR6— LR4LR3 — and HOLDvecvd
— LR4LR5

SYNC recvd, or Host
Transport layer requests SYNE recvd, or Host Transport layer
to xmit Control Reg frame . (f€duests to xmit Control Reg frame
— LR3:L1—==L_IDLE ~LR4:L1—=L_IDLE
EQF g SYNC recvd, or Host Transport layer
recv requests to xmit Control Reg frame
LR6: L_RcvEOF
Transﬁwitcl\?l IP f LR4:LR6 L_IDLE ~=—=LR5L1 —
- EOF recvd LR5:LR6 —|
N ER7: GoodCRC LR8: L_GoodEnd
CRC good TransmitR_IP TransmitR_OK
— LR6:L R7 s Transport Layer SYNC recvd
indicates Good result L R&L1 L IDLE
CRC chetk-not complete 1— LR7:LR8 - : =

AnyDword except SYNC recvd

— LR6.LR6 D Transport has not | R8RS
responded ) D

—LR7:.LR7

Q LR9: L_BadEnd

SYNC recvd |Transport Layer indicates TransmitR_ERR
L_IDLE -e.—|R7:L1 —tUnrecognized FIS, or (Transport or Link SYNC recvd
delte'_gieldhe’(ror on recognized FIS) — LR9:L1—m=L IDLE
CR7-CR = =
CRC bad AnyDword except
—LR6:LR9 1 SYNC recvd
\ —LR9:LR9 :

See Text for complete requirements.
Not shown - If PhyNRdy reported from any LR state,
make transition to LS1: L_NoCommEnmr

Figure 60 — Link receive state diagram (States LR1-LR9)

In any state of the Link receive state diagram, if the Link layer detects the Phy layer is not
ready, the Link layer will notify the Transport layer, fail the attempted transfer and make a


https://standardsiso.com/api/?name=63d4f8da6b106ef7e81ebb174d630899

-132 - 24739-3 © ISO/IEC:2010(E)

transition to LS1: L_NoCommErr. These transitions are not shown in the state diagram to
improve clarity.

LR1: L_RcvChkRdy state: This state is entered when an X_RDY primitive has been
received from the Physical layer.

When in this state, the Link layer shall transmit an R_RDY primitive and wait for an SOF
primitive from the Physical layer.

Transition LR1:LR1: When the Link layer receives an X_RDY primitive from the Physical
layer, the Link layer shall make a transition to the LR1: L_RcvChkRdy state.

Transition LR1:LR2: When the Link layer receives an SOF primitive from the Physicallaye
the Link layer shall make a transition to the LR2: L_RcvData state.

UR1:L1: Any DWORD other than (X_RDY or SOF) received from Phy: When the Link
layer receives any DWORD other than an X_RDY or SOF primitive from the_Rhysical layef,
the Link layer shall notify the Transport layer of the condition and make a tfansition to the L1:
U IDLE state.

Transition LR1:LS1: When the Link layer detects that the Physical layer is not ready the
link layer shall Notify the Transport layer of the condition and make a transition to the LS1:
4 NoCommErr state.

LR2: L_RcvWaitFifo state: This state is entered whgn an X_RDY has been received,
nd the FIFO is not ready to receive an FIS.

hen in this state, the Link layer shall transmit the SYXNC primitive.

ransition LR2:LR1: When the Link layer receives a X_RDY primitive from the Physica
layer and the FIFO is ready to accept data, the Link layer shall make a transition to the LR1:
RcvChkRdy state.

ransition LR2:LR2: When the Link<layer receives a X_RDY primitive from the Physica
layer and the FIFO is not ready to acecept data, the Link layer shall make a transition to the
R2: L_RcvWaitFifo state.

ransition LR2:L1: When tthe Link layer receives any DWORD other than an X_RD
rimitive from the Physicaltayer, the Link layer shall notify the Transport layer of the condition
nd make a transition to(the'L1: L_IDLE state.

=

—

ransition LR2:LS1:—~When the Link layer detects that the Physical layer is not ready th
ink layer shall notify the Transport layer of the condition and make a transition to the LS1:
4 NoCommErristate.

—
[

LR3: L_RcvData state: This state is entered when an SOF primitive has been receivef
ffom the-Rhysical layer.

When in this state the Link Iayer receives an encoded character sequence from the Physical

is also entered into the CRC caIcuIatlon When in this state the L|nk layer e|ther transmits a
R_IP primitive to signal transmission to continue or transmits a DMAT primitive (Use of DMAT
is not recommended, see 15.4.6) to signal the transmitter to terminate the transmission.

Transition LR3:LR3: (Data DWORD received from Phy and FIFO space) or HOLDA
received from Phy: When the Transport layer indicates that space is available in its FIFO,
the Link layer shall make a transition to the LR3: L_RcvData state.

Transition LR3:LR3: AnyDword other than (HOLD or EOF or HOLDA or SYNC or WTRM)
received from Phy: When the Link layer receives any DWORD other than a HOLD, HOLDA,
EOF or SYNC or WTRMprimitive from the Physical layer, the Link layer shall make a
transition to the LR3: L_RcvData state.
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Transition LR3:LR4: When the Transport layer indicates that sufficient space is not
available in its FIFO, the Link layer shall make a transition to the LR4: L_Hold state.

Transition LR3:LR5: When the Link layer receives a HOLD primitive from the Physical
layer, the Link layer shall make a transition to the LR5: L_SendHoldA state.

Transition LR3:LR6: When the Link layer receives an EOF primitive from the Physical layer,
the Link layer shall make a transition to the LR6: L_RcvEOF state.

Transition LR3:LR9: When the L|nk layer receives a WTRM primitive from the Physical
|ayerthe K tayershz ake a ra on to the LRO9T L _BadEnd state.

ransition LR3:L1: When the Link layer receives a SYNC primitive from the Physical laye
the Link layer shall notify the Transport layer that reception was aborted and shall- make g
transition to the L1: L_IDLE state.

hen the host Link layer receives notification from the host Transport layer\that a Contrg
Register Frame is pending for transmission (typically due to SRST being toggled), a transitio
tp the L_IDLE state shall be made. The return to the L_IDLE state results in"the transmissio
df SYNC primitives, which causes the transmitting Link layer to.@lso transition to th
1:L_IDLE state. The Register FIS with C=0 may then be transmitted\as a Register FIS fron
ost to device.

o (0 0O I =

ransition LR3:LS1: When the Link layer detects that the Physical layer is not ready th
ink layer shall notify the Transport layer of the condition.ahd make a transition to the LS1:
NoCommErr state.

[

—

R4: L_Hold state: This state is entered when the Transport layer indicates tha
sufficient space is not available in its receive FIFO¢

hen in this state, the Link layer shall transmit the HOLD primitive and may receive an
gncoded character from the Physical layer.

ransition LR4:LR3: FIFO space available and AnyDword other than HOLD or EO
received from Phy: When the Link\layer receives any DWORD other than a HOLD primitiv
dr EOF primitive from the Physical”layer and the Transport layer indicates that sufficiern
space is now available in its receive FIFO, the Link layer shall make a transition to the LR3:
RcvData state.

— O I

—

ransition LR4:LR5: Whenh the Link layer receives a HOLD primitive from the Physical laye
gnd the Transport layer, indicates that space is now available in its FIFO, the Link layer shal
ake a transition ta’the LR5: L_SendHoldA state.

ransition LR4:LR6: When the Link layer receives a EOF primitive from the Physical layef
the Link layer/shall make a transition to the LR6: L_RcvEOF state. Note that due to pipelin
latency, an,EOF may be received when in the L_Hold state in which case the receiving Lin
shall usenits FIFO headroom to receive the EOF and close the frame reception.

X O -

ransition LR4:LR4: No FIFO space available and EOF not received from Phy and
SYNC not received from Phy and PhyRdy: When the Transport layer indicates that there is
not sufficient space available in its FIFO and the Physical layer is ready, the Link layer shall

make a transition to the LR4: L_Hold state.

Transition LR4:LS1: When the Link layer detects that the Physical layer is not ready the
Link layer shall notify the Transport layer of the condition and make a transition to the LS1:
L_NoCommErr state.

Transition LR4:L1: When the Link layer receives a SYNC primitive from the Physical layer,
the Link layer shall notify the Transport layer of the illegal transition error condition and shall
make a transition to the L1: L_IDLE state.

When the host Link layer receives notification from the host Transport layer that a Control
Register Frame is pending for transmission (typically due to SRST being toggled), a transition
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to the L_IDLE state shall be made. The return to the L_IDLE state results in the transmission
of SYNC primitives, which causes the transmitting Link layer to also transition to the
L1:L_IDLE state. The Register FIS with C=0 may then be transmitted as a Register FIS from
host to device.

LR5: L_SendHoldA state: This state is entered when a HOLD primitive has been
received from the Physical layer.

When in this state, the Link layer shall either transmit the HOLDA primitive to signal
transmission to proceed when the transmitter becomes ready or transmit a DMAT primitive
(Use of DMAT is not recommended, see 15.4.6) to signal the transmitter to terminate (the
transmission.

ransition LR5:LR3: AnyDword other than (HOLD or EOF or SYNC) received from Phy:
Vhen the Link layer receives any DWORD other than a HOLD or EOF or SYNC primitive fron
he Physical layer, the Link layer shall make a transition to the LR3: L_RcvData, state.

o=
-

Transition LR5:LR5: When the Link layer receives a HOLD primitive ftom the Physica
yer, the Link layer shall make a transition to the LR5: L_SendHoldA state,

ransition LR5:LR6: When the Link layer receives a EOF primitive\from the Physical layef
the Link layer shall make a transition to the LR6: L_RcVvEOF state!

ransition LR5:L1: When the Link layer receives a SYNC, pfimitive from the Physical laye
the Link layer shall make a transition to the L1: L_IDLE state. The Transport layer shall b
otified of the illegal transition error condition.

()

hen the host Link layer receives notification fromsthe host Transport layer that a Contrg
egister Frame is pending for transmission (typically due to SRST being toggled), a transitio
tp the L_IDLE state shall be made. The return to\the L_IDLE state results in the transmissio
f SYNC primitives, which causes the transmitting Link layer to also transition to th
1:L_IDLE state. The Register FIS with Cz02may then be transmitted as a Register FIS fron
ost to device.

o (0 0O 05 =

ransition LR5:LS1: When the Link-layer detects that the Physical layer is not ready th
ink layer shall notify the Transportlayer of the condition and make a transition to the LS1:
NoCommErr state.

[

R6: L_RcvEOF state:)" This state is entered when the Link layer has received an EO
rimitive from the Physical layer.

hen in this state,‘the Link layer shall check the calculated CRC for the frame and transmijt
ne or more R_IPprimitives.

ransition LR6:LR6: If the CRC calculation and check is not yet completed, the Link laye
hall makea transition to the LR6: L_RcvEOF state.

—

ransition LR6:LR7: When the CRC indicates no error, the Link layer shall notify th
ransport layer and make a transition to the LR7: L_GoodCRC state.

]

Transition LR6:LR9: When the CRC indicates an error has occurred, the Link layer shall
notify the Transport layer and make a transition to the LR9: L_BadEnd state.

Transition LR6:LS1: When the Link layer detects that the Physical layer is not ready the
Link layer shall notify the Transport layer of the condition and make a transition to the LS1:
L_NoCommeErr state.

LR7: L_GoodCRC state: This state is entered when the CRC for the frame has been
checked and determined to be good.

Upon entering this state for the first time, the Link layer shall notify the Transport layer that
the CRC for this frame is valid. When in this state, the Link layer shall wait for the Transport
Layer to check the frame and transmit one or more R_IP primitives.
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Transition LR7:LR8: When the Transport Layer indicates a good result, the Link Layer sha
transition to the LR8: L_GoodEnd state.

Transition LR7:LR9: When the Transport Layer indicates an unrecognized FIS, the Lin
Layer shall transition to the LR9: L_BadEnd state.

When the Transport layer or Link layer indicates an error was encountered during th
reception of the recognized FIS, the Link layer shall transition to the LR9: L_BadEnd state.

k

e

Transition LR7:LR7: |If the Transport Layer has not supplied status, then the Link Layer

ghatttransitton to the CR7 £_GoodCRC state.
ransition LR7:LS1: When the Link layer detects that the Physical layer is not ready, th
| NoCommErr state.

Transition LR7:L1: When the Link layer receives a SYNC primitive from thg' Physical laye
he Link layer shall notify the Transport layer of the illegal transition error condition and sha
make a transition to the L1: L_IDLE state.

—

LR8: L_GoodEnd state: This state is entered when the CRE-for the frame has bee
dhecked and determined to be good.

When in this state, the Link layer shall transmit the R_OK primitive.

Transition LR8:L1: When the Link layer receives a SYNC primitive from the Physical laye
ne Link layer shall make a transition to the L1: L_IDLE\state.

—

Transition LR8:LR8: When the Link layer receives any DWORD other than a SYN

—

| GoodEnd state.

ransition LR8:LS1: When the Link layer detects that the Physical layer is not ready, th

| |

4 NoCommeErr state.

—

IR9: L_BadEnd state: This state is entered when the CRC for the frame has bee
hecked and determined to be bad or when the Transport layer has notified the Link layer thg
ne received FIS is invalid;

o=~ O

When in this state, the-Link layer shall transmit the R_ERR primitive.

—

ransition LR9:L1:~"When the Link layer receives a SYNC primitive from the Physical laye
ne Link layer shall' make a transition to the L1: L_IDLE state.

-

rimitivesfrom the Physical layer, the Link layer shall make a transition to the LR8:BadEn
ate,

o]

1
Uink layer shall notify the Transport layer of the condition and make a transition to the LS1:
L

rimitive from the Physical layer, the Link JJayer shall make a transition to the LRS:

ink layer shall notify the Transport layer of the condition and make a transition to the LS1:

ransition \ER9:LR9: When the Link layer receives any DWORD other than a SYNC

4%

CJ

4%

— D

[®N

ransition LR9:LS1: When the Link layer detects that the Physical layer is not ready th

e

Link layer shall notify the Transport layer of the condition and make a transition to the LS1:

L_NoCommErr state.
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15.6.3.4 Link power mode state diagram

LPM1: L_TPMPartial LPM2: L_TPMSlumber
Transmit PMREQ_P Transmit PMREQ_S
Y B Transport layer
Transport layer X_RDY recvd o indicated transiti X_RDY recvd
indicated transition [—LPM1:LR2—®=1_RcvWaitFifo Itg éﬁﬁnfberrﬂzldgn | LPM2:LR2# L_RcvWaitFifo
to Partial Mode Phy not rdy ;
desired - LPM1:LS ==L NoCommErr de3|reLd1 LPM2 Phy not rdy
' - —Lh —=T—LPM2:LS1-—| NoCommErr
—L1LPM1— e P
i HOSTLIMRTECVS ANyDWOTd eXCept restorUevics Host Link recvs AnyDword except
HostorDevice | (x RDY, SYNC, PMACK, R_OK)  Link reovs SYNC | % 50X 0e "BV K R, OK)
Link recvs SYNC f Host Ph PMREQ or R _OK, from — ’ ’ A
or R_OK, from rom Host Phy, or ( _X Phy — from Host Phy, or (PMREQ\x
Ph recvd from Host Phy) : recvd from Host Phy)
y L PMA-LA LPM2:LPM2
C LPM1:LPM1—— L1—=L_IDLE (__,— LPM2:L1 —s= |_|DLE
. . PMACK recvd from Phy Device Link PMACK recvdftom Phy
Device Link —LPM1:LPM5 recvs PMREQ_X || ovio pus
recvs PMREQ_x from Device Phy '
from Device Phy LPM1:LPM1-
: LPM1:LPM1—+ {
LPMS5: L_ChkPhyRdy
LPM3: L_PMOff Assert Partial/Slumber
Transmit PMACK |
PMREQ_x 4 PMACK sent LPM6: L_NoCommPower
recvd from Phy — | PM3:LPM5 ———f Maintain Partial/Slumber
assertion

— L1:LPM3—= Phy rdy [Phy not ready _assertion

C LPM5:LPM3_t— | PM5:LPM6 —— | Transport layer not
<4 PMACK sent r requesting Wakeup and

PM3LPM COMWAKE not detected
| LPM6:LPM6
LPM7: L_WakeUp1 Transport layer | - D

requests Wakeup or

Deassert both Partial and Slumber COMWAKE detected
Phy notready [ LPM6:LPM7 —
CLPM?:LPM?- LPMS8: L_WakeU p2
Transmit ALIGN
Phy ready e
L — LPM7:LPM8———mPhy ready
— LPM8:L1—s L_IDLE

Phy not ready

LPM4: L-PMDen
" y — LPM8:.LS1===— L NoCommErr

TransmitPMNAK

Link layer receives Any Dword except
request for Power PMREQ_x recvd from Phy
mode from Phyand [ | ppM4:L 1—m L IDLE
modes disabled ' -

—<1:LPM4 —»| Phy notready

PMREQ_xrecvd [—LPM4:LS1 —s | NoCommErr
CLPM4:LPM4—
.

Figure 61 — Link power mode state diagram (States LPM1-LPM8)

LPM1: L_TPMPartial state: This state is entered when the Transport layer has
indicated that a transition to the Partial power state is desired. When in this state a PMREQ_P
primitive shall be transmitted

Transition LPM1:LPM5: When the Link layer receives a PMACK primitive a transition to the
LPM5: L_ChkPhyRdy state shall be made.
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Transition LPM1:LR2: If the Link layer receives an X_RDY primitive a transition shall be
made to the LR2: L_RcvWaitFifo state. This aborts the request from the Transport layer to

e

nter a power mode. A status indication to the Transport layer of this event is required.

Transition LPM1:LPM1: If the Link layer receives a SYNC or R_OK primitive, then it is

a
n

ssumed that the opposite side has not yet processed the PMREQ_P primitive yet and time is
eeded. A transition to the LPM1: L_TPMPartial state shall be made.

Transition LPM1:LPM1: The host Link layer shall not make this transition as it applies only
to the device Link layer. If the device Link layer receives a PMREQ_P or PMREQ_S primitive

f

1
F
O
t
T
n

Q = -

om the host, it shall remain in this state by transitioning back to LPM1: L_TPMPartial.

—

ransition LPM1:L1: AnyDword other than (PMACK or X_RDY or SYNC or R.OK o
MREQ_P or PMREQ_S) received from Phy layer: If the host Link layer receives an
WORD from the Physical layer other than a PMACK, X_RDY, SYNC, or R_OK primitive, the
ne request to enter the partial state is aborted and a transition to L1: L_IDLE ,shall be mads.
his transition includes the case where a PMNAK is received. The device link layer shall ng
hake this transition if it receives a PMREQ_P or PMREQ_S primitive while in this state.

— - <

—

ransition LPM1:LS1: If the Link layer detects that the Physical.ldyer has become ng
bady, this is interpreted as an error condition. The Transport layeryshall be notified of th
ondition and a transition shall be made to the LS1: L_ NoCommErt-state.

()

[

the LPM5: L_ChkPhyRdy state shall be made.

tp the device Link layer(Ifithe device Link layer receives a PMREQ_P or PMREQ_S primitiv
ffom the host, it shallfemain in this state by transitioning back to LPM2: L_TPMSIlumber.

the requestto enter the slumber state is aborted and a transition to L1: L_IDLE shall b

IPM2: L_TPMSIlumber state: This state is entered when the Transport layer ha
dicated that a transition to the Slumber power statesis. desired. When in this state
MREQ_S primitive shall be transmitted.

[V

ransition LPM2:LPM5: When the Link layer receives a PMACK primitive, a transition tp

ransition LPM2:LR2: If the Link layer regceives an X_RDY primitive, a transition to th
R2: L_RcvWaitFifo state shall be made. This aborts the request from the Transport layer t
nter a power mode. A status indication to the Transport layer of this event is required.

O O

ransition LPM2:LPM2: If the Lipk-layer receives a SYNC or R_OK primitive, then it i
ssumed that the opposite side has not yet processed the PMREQ_S primitive yet and time i
eeded. The transition to the LPM2: L_TPMSIlumber state shall be made.

(2B

ransition LPM2:LPM2: (The host Link layer shall not make this transition as it applies onl

T <<

ransition LPM2:1: AnyDword other than (PMACK or X_RDY or SYNC or R_OK o
MREQ_P or PMREQ_S) received from Phy layer: If the host Link layer receives an
WORD from<¢the Physical layer other than a PMACK, X_RDY, SYNC or R_OK primitive, the

ade. This transition includes the case where a PMNAK is received. The device link laye
hall not' make this transition if it receives a PMREQ_P or PMREQ_S primitive while in thi
ate.

D = D oT< =

Transition LPM2:LS1: |If the Link layer detects that the Physical layer has become not
ready, this is interpreted as an error condition. The Transport layer shall be notified of the

C

ondition and a transition shall be made to the LS1:L_NoCommErr state.

LPM3: L_PMOff state: This state is entered when either a PMREQ_S or PMREQ_P
primitive was received by the Physical layer. A flag is set according to whether PMREQ_P or
PMREQ_S was received from the Physical layer. The Link layer transmits a PMACK primitive
for each execution of this state.

Transition LPM3:LPM5: |If four PMACK primitives have been transmitted, a transition shall
be made to the LPM5:L_ChkPhyRdy state.
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Transition LPM3:LPM3: If less than four PMACK primitives have been transmitted, a
transition shall be made to LPM3:L_PMOff state.

LPM4: L_PMDeny state: This state is entered when any primitive is received by the
Link layer to enter a power mode and power modes are currently disabled. The Link layer
shall transmit a PMNAK primitive to inform the opposite end that a power mode is not allowed.

Transition LPM4:LPM4: If the Link layer continues to receive a request to enter any power
mode, then a transition back to the same LPM4: L_PMDeny state shall be made.

layer: |If the Link layer receives any DWORD other than a power mode request primitivg
then the Link layer assumes that the power mode request has been removed and shalkmak
transition to the L1: L_IDLE state.

ransition nyDword other than or received from Y
e

ransition LPM4:LS1: If the Link layer detects that the Physical layer has-pecome ngt
ready, this is interpreted as an error condition. The Transport layer shall be. notified of the
ndition and a transition shall be made to the LS1: L_NoCommErr state.

PM5: L_ChkPhyRdy state: This state is entered wheneverfit is desired for th
hysical layer to enter a low power condition. For each execution(in‘this state a request i
ade to the Physical layer to enter the state and deactivate theDPhyRdy signal. Partial @
lumber is asserted to the Phy as appropriate.

= O O

ransition LPM6:LPMS5: If the Physical layer has not yetprocessed the request to enter th
ower saving state and not deactivated the PhyRdy signal,’then the Link layer shall remain i
the LPM5: L_ChkPhyRdy state and continue to request.the Physical layer to enter the pows
ode state.

-~ 3

—

ransition LPM6:LPM6: When the Physical layer has processed the power mode reques
nd has deactivated the PhyRdy signal, then a transition shall be made to the LPM@:
4 NoCommPower state.

—

[

IPM6: L_NoCommPower state:- This state is entered when the Phy has negated it
hyRdy signal indicating that it is.in" either Partial or Slumber state. In this state, the Lin
ayer waits for the out of band détector to signal reception of the COMWAKE sequence, or fd
ne Transport layer to request a wakeup.

-
=

—_——
—_ =

Transition LPM6:LPM7;.(1f the Transport layer requests a wakeup or the out of band signa
etector indicates reception of the COMWAKE signal, then a transition shall be made t
PM7: L_WakeUp1

O

—h

ransition LPM67LPM6: If the Transport layer does not request a wakeup and the out ¢
and detectoridoes not indicate reception of the COMWAKE signal, then a transition shall b
ade to LPM6: L NoCommPower.

[4%

[®N

PM7:L_WakeUp1 state: This state is entered when the Transport layer has initiate

wakeup. In this state, the Link layer shall deassert both Partial and Slumber to the Phy, an

ait) for the PhyRdy signal from the Phy to be asserted. While in this state the Phy i
performing the wakeup sequence.

[oN

[

Transition LPM7:LPM8: When the Phy asserts its PhyRdy signal, a transition shall be made
to LPM8: L_WakeUp2.

Transition LPM7:LPM7: When the Phy remains not ready, a transition shall be made to
LPM7: L_WakeUp1.

LPM8: L_WakeUp2 state: This state is entered when the Phy has acknowledged an
initiated wakeup request by asserting its PhyRdy signal. In this state, the Link layer shall
transmit the ALIGN sequence and transition to the L1: L_IDLE state.

Transition LPM8:L1: If the Phy keeps PhyRdy asserted, a transition shall be made to the
L1: L_IDLE state.
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Transition LPM8:LS1: If the Phy deasserts PhyRdy, this is an error condition. The
Transport layer shall be notified of the condition and a transition shall be made to the LS1:
L_NoCommErr state.

16 Serial interface Transport layer

16.1 Transport layer overview
16.1.1 General

differ in that the source of the FIS content differs. The Transport layer maintains no _context i
terms of ATA commands or previous FIS content.

16.1.2 FIS construction

When requested to construct an FIS by a higher layer, the Transport layer provides th
following services.

9]

— Gathers FIS content based on the type of FIS requested.

— Places FIS content in the proper order.

— Notifies the Link layer of required frame transmission and.passes FIS content to Link.
— Manages Buffer/FIFO flow, notifies Link of required flowcontrol.

— Receives frame receipt acknowledge from Link layer.

— Reports good transmission or errors to requestinglhigher layer.

16.1.3 FIS decomposition

When an FIS is received from the Link layefri>the Transport layer provides the followinpg
services.

— Receives the FIS from the Link layer.

— Determines FIS type.

— Distributes the FIS content-to the locations indicated by the FIS type.

— For the host Transport layer; receipt of an FIS may also cause the construction of an
FIS to be returned to the device.

— Reports good reception or errors to higher layer.

16.2 Frame Information’Structure (FIS)

16.2.1 Overview

A frame is afgroup of DWORDs that convey information between host and device a
described previously. Primitives are used to define the boundaries of the frame and may b
inserted toncontrol the rate of the information flow. This subclause describes the informatio

ntenteof'the frame - heretofore referred to as payload - and assumes the reader is aware ¢
the Primitives that are needed to support the information content.

— D (D O

16.2.2 Da¥|_°_arl content

The type and layout of the payload is indicated by the Frame Information Type field located in
byte 0 of the first DWORD of the payload. For Shadow Command Block and Shadow Control
Block registers, see Clause 5.
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16.2.3 FIS types

16.2.3.1

General

The following sections define the structure of each individual FIS.

16.2.3.2 Register, Host to Device

3(3(2(2(2(2(2|2(2(2(2(2(1(1(1|(1(1|(1|{1|(1(1(1|9|8|7|6|5|4|3|2|1|0
1/0[(9(8|7[6[5[4[3[2[1[0[9[8|7|6]5 3(2(1]0

& Eecatures Command ClIlRIR | Raoserved (n) ELS T\J/pn (')7h)
I A A I O I O I K

1 Device LBA High LBA Mid LBA Low
I I O iIIIIIIIIIIIIIII

2 Features (exp) LBA High (exp) LBA Mid (exp) LBA Lew (exp)
L] 5HIIIIIIIIIIIIIII

3 Control Reserved (0) Sector Count (exp) Sector Count
| I N = I

4 | Reserved (Of | Reserved (Of | | Reserved (Of | | Reserved (Of |

—

he following Field definitions apply.

Figure 62 — Register, Host to Device FISayout

FIS Type - Set to a value of 27h. Defines the _rest of the FIS fields. Defines the
length of the FIS as five DWORDs.

C - This bit is set to one when the register transfer is due to an update of th
Command register. The bit is cleared to.zero when the register transfer is due t
an update of the Device Control register.

Setting C =1 and SRST=1 in the _Device Control Field is invalid and will result ip
inderminate behavior.

Command - Contains the contents of the Command register of the Shadoyw
Command Block.

LBA Low - Contains the contents of the LBA Low register of the Shadow Commangd
Block.

LBA Low (exp) - Contains the contents of the expanded address field of the Shadoyw
Command BloCk

Control - Contains the contents of the Device Control register of the Shadoyw
Command, Block.

LBA Mid..~Contains the contents of the LBA Mid register of the Shadow Comman(d
Block;

LBA Mid (exp) - Contains the contents of the expanded address field of the Shadoyw
Command Block

LBA High - Contains the contents of the LBA High register of the Shadow Commangd
Block.

LBA High (exp) - Contains the contents of the expanded address field of the Shadoyw
C

arm-m-and-Rliael

O O

SOt arta DToviKe

Device - Contains the contents of the Device register of the Shadow Command
Block.

Features - Contains the contents of the Features register of the Shadow Command
Block.

Features (exp) - Contains the contents of the expanded address field of the Shadow
Command Block.

R - Reserved.

Sector Count - Contains the contents of the Sector Count register of the Shadow
Command Block.

Sector Count (exp) - Contains the contents of the expanded address field of the
Shadow Command Block.
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16.2.3.3 Description

The Register - Host to Device FIS is used to transfer the contents of the Shadow Command
Block and Shadow Control Block from the host to the device, see Figure 62. This is the

mechanism for issuing the parallel implementation of ATA commands to the device.

16.2.3.4 Transmission

Transmission of a Register - Host to Device FIS is initiated by a write operation to either the

Command register, or a write to the Device Control register with a value different than i

S

currently in the Device Control register. There are BIOS and drivers that write the Device

ontrol regisier to enable the interrupt just prior to issuing a command. 1o avoid unnecessar
verhead, this FIS should be transmitted to the device only upon a change of state from, th

revious value in the host adapter’'s Shadow Control Block. Upon initiating transmission, th
urrent contents of the Shadow Command Block and Shadow Control Block are transmitte

nd the C bit in the FIS is set according to whether the transmission was a result of th
Gommand register being written or the Device Control register being written. The host adapte
shall set the BSY bit in the Shadow Status register to one within 400 ns, after the writ
dperation to the Command register that initiated the transmission. The hostladapter shall sq
the BSY bit in the Shadow Status register to one within 400 ns after a,write operation to th
Qevice Control register if the write to the Device Control register changes the state of th
3§RST bit from 0 to 1 but shall not set the BSY bit in the Shadow Status register for writes t
the Device Control register that do not change the state of the SRS bit from 0 to 1.

I{ is important to note that serial implementations of ATA host adapters enforce the sam
gccess control to the Shadow Command Block and Shadow Control Block as the parallg
implementation of ATA devices enforce to the Command Block Registers. When either BSY g
RQ is set in the Status Register the host should not write the Command Block registers. An
rite to the Command Block Registers when BSY o6r“DRQ is set will result in indeterminat
ehavior unless the write is to issue a DEVICE RESET command.

o< O

6.2.3.5

1 Reception

Upon reception of a valid Register - Host-t0 Device FIS the device updates its local copy g
t

€

ne Command and Control Block Register contents and, if the C bit is set to 1, initiate
xecution of the command indicated‘ih-the command register.

y
e
e
d
e
r
e
t
e
e
0

—

P =

D=

16.2.4 Register, Device to Host
16.2.4.1 General
3132|222 202 (2(2(2(1 (1 (1 |(1[1[1[1[1[1[1]9 6(5(4(3(2(1
1/0[(9[8|7]6 413]2[1]0[/9(8|7|6[5]4][3[2]1]0
0 Error Status R| I |R| Reserved (0) FIS Type (34h)
I N 5 I I I I I 0 B
1 Device LBA Higih LBA Mid LBA Low
I S s A I o O
2 Reserved Or LBA HiTh iexp) LBA Mid (exp) LBA Low (exp) (0)
[ | [ || ||| [ |||
3 Reserved (O? Reserved (O? Sector Count (exp) Sector Count
| T e e e e e e e A
| | | | | | | | | | | | | | | | | | | | | | | |
Reserved (0 Reserved (0 Reserved (0 Reserved (0
Pl P b e g

Figure 63 — Register, Device to Host FIS layout

The following Field definitions apply.
FIS Type - Set to a value of 34h. Defines the rest of the FIS fields. Defines the
length of the FIS as five DWORDs.

LBA Low - Contains the contents to be placed in the LBA Low register of the
Shadow Command Block.

LBA Low (exp) -

Contains the contents of the expanded address field of the Shadow
Command Block.
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LBA Mid - Contains the contents to be placed in the LBA Mid register of the Shadow
Command Block.

LBA Mid (exp) - Contains the contents of the expanded address field of the Shadow
Command Block.

LBA High - Contains the contents to be placed in the LBA High register of the
Shadow Command Block.

LBA High (exp) - Contains the contents of the expanded address field of the Shadow
Command Block.

Device - Contains the contents to be placed in the Device reqister of the Shadow
Command Block.

Error - Contains the contents to be placed in the Error register of the Shadow
Command Block.

| - Interrupt bit. This bit reflects the Interrupt Pending state of the device-~Device|
shall not modify the behavior of this bit based on the state ofithe nlEN b
received in Register Host to Device FlSes.

—~~

NOTE Some implementations prior to this standard modify the behavior_of this bit based on the
state of nlEN in received Register Host to Device FISes, see 18.2.
R - Reserved

Sector Count - Contains the contents to be placed in the(Sector Count register of th
Shadow Command Block.

Sector Count (exp) - Contains the contents of the expanded address field of the
Shadow Command Block.

Status - Contains the contents to be placed in the Status (and Alternate statuq)
Register of the Shadow Command Block.

[

16.2.4.2 Description, Register Device to Host 'FIS

—

Tlhe Register - Device to Host FIS is used to;by the device to update the contents of the hos
gdapter’s Shadow Command Block and Shadow Control Block, see Figure 63. This is th
mechanism by which devices indicate_command completion status or otherwise change th
gontents of the host adapter’'s Shadow Command Block and Shadow Control Block.

O O

16.2.4.3 Transmission

Transmission of a Register -t«Device to Host FIS is initiated by the device in order to updat
the contents of the host~adapter's Shadow Command Block and Shadow Control Block.
Transmission of the Register - Device to Host FIS is typically as a result of commang
gompletion by the device.

()

Tlhe Register - Device to Host FIS shall only be used to set the SERV bit in the Statu

Register to request service for a bus released command if the BSY bit or the DRQ bit i

durrently setin-the Status Register; the Set Device Bits - Device to Host FIS shall be used t
et the SERV bit when the BSY bit and DRQ bit are both cleared to 0 in the Status Registef.
he SERWbit transmitted with the Register - Device to Host FIS will be written to the shado
tatus;Register and so the bit should accurately reflect the state of pending service request
henthe FIS is transmitted as a result of a command completion by the device.

(ORI )

(2

16.2.4.4 Reception

Upon reception of a valid Register - Device to Host FIS the received register contents are
transferred to the host adapter's Shadow Command Block and Shadow Control Block.

If the BSY bit and the DRQ bit in the Shadow Status Register are both cleared when a
Register - Device to Host FIS is received by the host adapter, then the host adapter shall
discard the contents of the received FIS and not update the contents of any Shadow
Command Block or Shadow Control Block.


https://standardsiso.com/api/?name=63d4f8da6b106ef7e81ebb174d630899

24739-3 © ISO/IEC:2010(E) - 143 -

16.2.5 Set Device Bits - Device to Host
16.2.5.1 General

3(13|2(2|2|2(2|2|2|2|2|2{1|1|1{1|1|1{1]|1(1[1]9|8|7|6|5|/4|3|2|1|0
110/9(8[7|6[5[4|3[2]|1/0[9]|8|7|6]|5[4]3]|2[1]0
0 Error R Status | R Status |R| | |R| Reserved (0) FIS Type (A1h)
Hi Lo
I I || || I I O

Reserved(O?
L I T e T A O O

Figure 64 — Set Device Bit, Device to Host FIS layout

—

he following Field definitions apply.
FIS Type- Set to a value of A1h. Defines the rest of the FIS fields.cDefines th
length of the FIS as two DWORDs.
I- Interrupt Bit. This bit signals the host adapter to enter an Interrupt\Pending state
both the BSY bit and the DRQ bit in the Shadow Status register are zero whe
the frame is received. Devices shall not modify the behavjor.of this bit based o
the state of the nlEN bit received in Register Host to Device’FISes.

NOTE Some implementations prior to this standard modify the behavior of this bit based on th
state of nlEN in received Register Host to Device FISes, see 1827

Error- Contains the contents to be placed in the (Error register of the Shado
Command Block.
Status-Hi- Contains the contents to be placed in)bits 6, 5 and 4 of the Status registe
of the Shadow Command Block.
Status-Lo- Contains the contents to be plaged in bits 2,1 and 0 of the Status registe
of the Shadow Command Block.
R- Reserved.

16.2.5.2 Description Set Device Bits Device to Host FIS

Tlhe Set Device Bits - Device to Host\EIS is used by the device to load Shadow Comman
Block bits for which the device has exclusive write access, see Figure 64. These bits are th
jight bits of the Error register and-six of the eight bits of the Status register. This FIS does ng
Iter bit 7, BSY or bit 3, DRQ, of‘the Shadow Status register.

—

he FIS includes a bit to signal the host adapter to generate an interrupt if the BSY bit an

—

ome of the serial-to:parallel bridge solutions may not support this FIS. Upon reception, suc
ridge solutions may’process this FIS as if it were an invalid FIS type and return the R_ER
nd of frame handshake. Read and Write DMA Queued commands may not be possible if thi
IS is not implemented.

D T (N

Transmission

Tlhe“device transmits a Set Device Bits - Device to Host to alter the Error register and bits i

ne DRQ bit in the Shadew-Status Register are both cleared to zero when this FIS is received,.

=R

<

—

—

—_ D L

A

n

theZStatus register other than BSY and DRQ in the Shadow Command Block. This FIS shoul

d

be used by the device to set the SERV bit in the Status register to request service for a bu
released command. When used for this purpose the device shall set the Interrupt bit to one.

The Register - Device to Host FIS shall only be used to set the SERV bit in the Statu
Register to request service for a bus released command if the BSY bit or the DRQ bit i

S

S
S

currently set in the Status Register; the Set Device Bits - Device to Host FIS shall be used to
set the SERV bit when the BSY bit and DRQ bit are both cleared to 0 in the Status Register.
The SERV bit transmitted with the Register - Device to Host FIS will be written to the shadow
Status Register and so the bit should accurately reflect the state of pending service requests

when the FIS is transmitted as a result of a command completion by the device.
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16.2.5.3 Reception

Upon receiving a Set Device Bits - Device to Host, the host adapter shall load the data from
the Error field into the Shadow Error register, the data from the Status-Hi field into bits 6, 5
and 4, of the Shadow Status register, and the data from the Status-Lo field into bits 2, 1 and 0

of the Shadow Status register. Bit 7, BSY and bit 3, DRQ, of the Shadow Status register sha
not be changed. If the | bit in the FIS is set to a one, and if both the BSY bit and the DRQ b

Il
it

in the Shadow Status register are cleared to zero when this FIS is received, then the host

adapter shall enter an Interrupt Pending state.

16-2-6—DMA-Activate,Device-to Host
16.2.6.1 General

313(2(2(2|2|2|2|2|2|2|2(1({1[1[1]|1]1]1|1|1|1|9(8|7]|6|5[4|31241/|0
110/9(8|7[(6|5[4|3[2|1[0]|9[8|7[6]|5[4]|3[2]|1]0
S NI A il R il ol

Figure 65 — DMA Activate, Device to Host FIS layout

—

he following Field definitions apply.
FIS Type - Set to a value of 39h. Defines the rest of the  FIS fields. Defines th
length of the FIS as one DWORD.

R - Reserved

6.2.6.2 Description

he DMA Activate - Device to Host FIS is used by the device to signal the host to procee
ith a DMA data transfer of data from the host to the'device, see Figure 65. This is similar t
ne DMARQ mechanism by which a parallel.qimplementation of ATA device signals it
padiness to receive DMA data from the host.

o ol T Y

A situation may arise where the host needs-to send multiple Data FISes in order to complet
the overall data transfer request. The host shall wait for a successful reception of a DM
Activate FIS before sending each of the'Data FIS’s that are needed.

6.2.6.3 Transmission

he device transmits a DMA+Activate - Device to Host to the host in order to initiate the flo
f DMA data from the hostto.the device as part of the data transfer portion of a correspondin
MA write command. Before transmitting this FIS, the device shall be prepared to receive
ata - Host to Device RIS from the host with the DMA data for the corresponding command.

OO0 — =

—

6.2.6.4 Reception

Upon receivingna DMA Activate - Device to Host, if the host adapter’'s DMA controller ha
een programmed and armed, the host adapter shall initiate the transmission of a Data Fl
nd shalltransmit in this FIS the data corresponding to the host memory regions indicated b
the DMA®™ controller’s context. If the host adapter's DMA controller has not yet bee
rogfammmed and armed, the host adapter shall set an internal state indicating that the DM
ntroller has been activated by the device, and as soon as the DMA controller has bee

O

OO O

Pl )

O <

programmed and armed, a Data FIS shall be transmitied to the device with the dat
corresponding to the host memory regions indicated by the DMA controller context.

O o5 PFPo<< UG
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16.2.7 First Party DMA Setup, Device to Host or Host to Device (bidirectional)
16.2.7.1 General

313(2(2|12|2(2(|2(|2(2|2|2{1(1{1{1|1|1[{1[(1]1{1|9|8|7|/6|5/4|3|2|1/|0
1/0(9(8|7[6[5[4[3[2[1]/0[9[8|7[6[5[4[3[2]|1]0
0 |Il?esler\lled (Of lT{esler\fedl(Ofl R|1|D RTselrveld (|0) |F|IS |Typle (|41r|1)|
1 DMA Buffer Identifier Low

L L L L]
2 DMA Buffer Identifier High
PPN
3 Reserved(Of
HEEEEEEEEEE L]
4 DMA Buffer Offset
PP L] ]
5 DMA Transfer Count
PP L]
6 Reserved(Of

N I A . e I I B

Figure 66 — First Party DMA Setup — Device to Host FIS layout

—

he following Field definitions apply.

FIS Type - Set to a value of 41h. Defines the\rest of the FIS fields. Defines the tota
length of the FIS as seven DWORDs.

D - Indicates whether subsequent data transferred after this FIS is from sender t
recipient or from recipient to sender 1 = sender to recipient, 0 = recipient t
sender .

DMA Buffer Identifier Low/High - This field is used to identify a DMA buffer region i
host and device memory, The contents are not described in this standard an
are command protocol dependent. The buffer identifier is supplied by the hos
by a command protoeol specific means to the device and the device echoes
back to the host,corthe buffer identifier is supplied by the device to the hog
and the host echoes it back to the device. This allows the implementation t
pass a physical address or, in more complex implementations, the buffg
identifier could be a scatter gather list or other information that can identify
DMA “channel”.

theaddressing granularity in on a DWORD boundary.

DMA Transfer Count -This is the number of bytes that will be transferred. Bit zer
shall be zero.

| Interrupt - If the Interrupt bit is set to 1 an Interrupt Pending shall be generate
when the DMA transfer count is exhausted.

R - Reserved

DMA Buffer(Offset - This is the byte offset into the buffer. Bits <1:0> shall be zero as

[one)

16-2:7.2 Description

The First Party DMA Setup - Device to Host or Host to Device FIS is the mechanism by which
First Party DMA access to memory is initiated, see Figure 66. This FIS is used to request the
host or device to program its DMA controller before transferring data. The FIS allows the

memory regions to be abstracted (depending on implementation) by having memory region

S

referenced via a base memory descriptor representing a memory region to which the host or
device has been granted access. The specific implementation for the memory descriptor

abstraction is not defined.

The device or host is informed of the 64-bit DMA buffer identifier/descriptor at some previou
time by a command protocol specific mechanism. Random access within a buffer i
accomplished by using the buffer offset.

S
S
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First Party DMA is a superset capability not supported by parallel implementations of ATA or
it's device drivers.

16.2.7.3 Transmission

A device or host transmits a First Party DMA Setup - Device to Host or Host to Device FIS as
the first step in performing a First Party DMA access. The purpose of the First Party DMA
Setup - Device to Host or Host to Device is to establish DMA hardware context for one or
more data transfers.

gontext is to be changed. Multiple Data - Host to Device or Device to Host FIS’s can followni
dither direction, for example, if the transfer count exceeds the maximum Data - Host to Bevic
dr Device to Host transfer length or when a data transfer is interrupted. When multiple) Data

ost to Device or Device to Host FISes follow a First Party DMA Setup - Device t0)Host ¢

ost to Device FIS, the device or host shall place the data contained in the FIS.inysequentia
gddresses; that is, if the last DWORD of an FIS is placed in (or obtained from)'address N, th
first DWORD of a subsequent Data - Host to Device or Device to Host shall \be placed in (d
dbtained from) address N+4 unless an intervening First Party DMA Setup-- Device to Host d

ost to Device FIS is used to alter the DMA context. This mechanism<allows for the efficien
streaming of data into a buffer.

—- = = D = = 1 (0 3 P~

16.2.7.4 Reception

pon receiving a First Party DMA Setup - Device to Host or,Host to Device FIS, the recipient
df the FIS shall validate the received First Party DMA Setup request, and provided that the
hHuffer identifier and the specified offset/count are valid{program and arm the adapter’'s DMA
gontroller using the information in the FIS. The specific.implementation of the buffer identifigr
gnd buffer/address validation is not specified. After ‘a\walid First Party DMA Setup - Device tp
Host or Host to Device FIS with the D bit set to 0, &he recipient of the First Party DMA Setup|-
Device to Host or Host to Device FIS responds:with one or more Data - Host to Device qr
Device to Host FIS’s until the DMA count is_exhausted. After a valid First Party DMA Setup |-
QDevice to Host or Host to Device FIS with\the D bit set to 1, the recipient of the FIS shall b
pgrepared to accept one or more Data - Host to Device or Device to Host FIS’s until the DMA
gount is exhausted.

—

An Interrupt Pending condition shall be generated upon the completion of the DMA transfer
the | bit is set to 1. The definition of DMA Transfer Completion is command protocg
dependent but typically includes the exhaustion of the transfer count or the detection of a
drror by the DMA controller.

=}

16.2.8 BIST Activate) bidirectional
16.2.8.1 General

313 |2)212|2(2(2(|2(2(2|2{1(1|{1{1|1|1[1[1]1{1|9]|8]|7|/6|5]4|3|2]|1|0
1/0(9:18[7[6[5[4[3[2[1]/0[9[8|7[6[5[4[3[2[|1]0
0 Reserved (Of Pattern definition R |R|R| Reserved (0) FIS Type (58h)
| | [TIAIS|LIFIPIR]V I I 0
Data [31:24] Data [23:16] Data [15:8] Data [7:0]
1 N I O O [ [ | [ [ | I I
I S N O N I S N O N 11 11 I S N O N
2 | |Da’|ta [|31:|24]| | | |Da’|ta [|23:|1 6]| | | |Da|ta 15|:8]| | Data [7:0]

Figure 67 — BIST Activate, Bidirectional

The following Field definitions apply.

FIS Type - Set to a value of 58h. Defines the rest of the FIS fields.

F - Far End Analog (AFE) Loopback (Optional)

L - Far End Retimed Loopback. Transmitter shall insert additional ALIGNS)

R - Reserved

T - Far end transmit only mode

A - ALIGN Bypass (Do not Transmit Align Primitives) (valid only in combination with
T Bit) (optional behavior)
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S - Bypass Scrambling (valid only in combination with T Bit) (optional behavior)
P - Primitive bit. (valid only in combination with the T- Bit) (optional behavior)
V - Vendor Specific Test Mode. Causes all other bits to be ignored

16.2.8.2 Description

The BIST Activate FIS shall be used to place the receiver in one of several loopback modes,
see Figure 67.

The BIST Activate FIS is a bi-directional request in that it may be sent by either the host or
the—device—Fhesenderandrecipienthavedistinet responsibilibes—in-orde o—Rsyre—prepar
gooperation between the two parties. The state machines for transmission and receptiof g
the FIS are symmetrical.

—h

he state machines for the transmission of the FIS do not specify the actions the sender take
dnce successful transmission of the request has been performed. After -the sender’
Application layer is notified of the successful transmission of the FIS the sender’s Applicatio
layer will prepare its own Application, Transport and Physical layers inte\the appropriat
states that support the transmission of a stream of data. The FIS shatl n6t be considere
successfully transmitted until the receiver has acknowledged reception<f the FIS. The sendgq
df the BIST Activate FIS transmits continuous SYNC primitives after\reception of the R_O
grimitive until such a time that it is ready to interact with the receiver-in the BIST exchange.

AS OO0 S5 0 O

he state machines for the reception of the FIS do not specify*the actions of the receiver’
Jdoplication layer. Once the FIS has been received, the recipient’s application layer places it
gwn Application, Transport and Physical layers into stafes that perform the appropriat
retransmission of the sender’s data. The recipient shall mnot enter the BIST state until after
as properly received a good BIST Activate FIS (geod*CRC), indicated a successful transfe
df the FIS to the transmitting side via the R_OK primitive and has received at least one goo
JYNC primitive. Once in the self-test mode, a réceiver shall continue to allow processing ¢
the COMINIT or COMRESET signals in order tg exit from the self-test mode.

—- L = ~ D O O

<

: The Far End Analog (Analog Front End - AFE) Loopback, optional, mode where the ra
data is received, and retransmitted, without any retiming or re-synchronization, etc. (se
14.7.2.2).

]

[2]

: The Far End Retimed Loopback, shall be defined as a mode where the recipient retime
the data, and retransmits the«etimed data (see 14.7.2.1). This mode is mandatory.

: The Far-End Transmit ‘Mode mode is used to invoke the Far-End Interface to send dath
patterns, upon receipt.of“the FIS BIST Activate, as defined by Pattern DWords #1, and #2.
ote that Pattern BWords #1, and #2 shall be applicable only when the T bit is activg,
indicating “Far-Epd\Fransmit Mode”.

Tihis data is meodified by the P, A, S and V bits.

NOTE This_mode is intended for Inspection/Observation Testing, as well as support for conventional laboratony
eguipment;-rather than for in-system automated testing.

Py

R:Fhe transmit primitives bit. When this bit is set in far end transmit mode, the lowest orde

the sender of the BIST FIS to ensure that the data in byte 0 of the DWORDs are valid D
character versions of the K character (i.e. BCh for K28.5). Applicable only when the T bit is
set.

A: The ALIGN primitive sequence bypass mode. When set to 1, no ALIGN primitives are sent.
When the A-bit is not asserted, ALIGN Primitives are sent normally as defined in this
document. Applicable only when the T bit is set.

S: The Bypass Scrambling mode is used to send data or patterns, during BIST activation, that
are not scrambled, however are encoded and decoded to normal and legal 8b/10b values.
Applicable only when the T bit is set.

V: This mode is vendor specific. All other bits are vendor specific in this mode.
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16.2.8.3 Transmission
The initiator transmits a BIST Activate to the recipient in order to initiate the BIST mode of
operation.

16.2.8.4 Reception

Upon receiving a BIST Activate, the recipient shall begin operations as per the BIST Activate
FIS, described above.

16.2.9 PIO Setup, Device to Host
16.2.9.1 General

313(2(2|12|2(2|2(|2(2|2|2{1(1{1{1|(1|1[1[(1]1][1|9]|8|7|6|5]|4|3|21|0
1/0/9/8|7]|6]5[/413[2(1]0[9|8|7[6|5[4[3|2[1]0
0 Error Status R| I |D| Reserved (0) FIS Type (5Fh)
N I Y I I I I 7 o) 0 O
1 Device LBA Higih LBA Mid LBA Low
N
2 | I|?es|er\|/ed| (Or | | LBA HiTh iexp) | | I_|BA| Mi|d (Txp|) | |LB:|A L|ow|(e>|(p)|(0)|
3 E_Status Reserved (O? Sector Count (€xp) Sector Count
I e A I A
4 Reserved (OY Transfer Count
LV PP P

Figure 68 — PIO Setup, Device to Host FIS layout

—

he following Field definitions apply.

FIS Type - Set to a value of 5Fh. Defings-the rest of the FIS fields. Defines the lengt
of the FIS as five DWORDs.

LBA Low - Holds the contents of the"LBA Low register of the Command Block.

LBA Low (exp) - Contains the contents of the expanded address field of the Shadoyw
Command Block.

LBA Mid - Holds the contents_of the LBA Mid register of the Shadow Command Block.

LBA Mid (exp) - Contains the contents of the expanded address field of the Shadoyw
Command Block,

LBA High - Holds thé:contents of the LBA High register of the Command Block.

LBA High (exp) -~Contains the contents of the expanded address field of the Shadow
Command Block.

D - Indicates 'whether host memory is being written or read by the device. 1 = writ
(device-to host), 0 = read (host to device).

Device ~Helds the contents of the Device register of the Command Block.

Status ~-Contains the value of the Status register of the Command Block for initiatioh
of host data transfer.

Error - Contains the value of the Error register of the Command Block at th
conclusion of all subsequent Data to Device frames.

| - Interrupt bit. This bit reflects the Interrupt Pending status of the device.

R - Reserved

Sector Count - Holds the contents of the sector count register of the Command Block.

Sector Count (exp) - Contains the contents of the expanded address field of the
Shadow Command Block.

E_Status - Contains the value to be placed in the Shadow Status register of the
Command Block at the expiration of the Transfer Count for this PIO Setup.
Transfer Count - Holds the number of bytes to be transferred in the subsequent Data
FIS. The Transfer Count value shall be non-zero and the low order bit shall be

zero (even number of bytes transferred).

16.2.9.2 Description

The PIO Setup - Device to Host FIS is used by the device to provide the host adapter with
sufficient information regarding a PIO data phase to allow the host adapter to efficiently
handle PIO data transfers, see Figure 68. For PIO data transfers, the device shall send to the

=
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host a PIO Setup - Device to Host FIS just before every data transfer FIS that is required to
complete the data transfer. Data transfers from Host to Device as well as data transfers from
Device to Host shall follow this algorithm. Because of the stringent timing constraints in the
parallel implementation of ATA, the PIO Setup FIS includes both the starting status from the
Status field and ending status from the E_Status field values. These are used by the host
adapter to first signal to host software readiness for PIO write data (BSY cleared to zero and
DRQ set to one), and to properly signal host software by negating DRQ and possibly
asserting BSY after reception of the Data FIS.

16.2.9.3 Transmission of PIO Setup by Device Prior to a Data Transfer from Host to
Device

J V)

he device transmits a PIO Setup - Device to Host FIS to the host in preparation for a\Dat
IS just before every Data FIS required to complete the total data transfer for a comimand.
he device includes in the PIO Setup FIS the values to be placed in the Shadow" Statu
pgister at the initiation of the Data FIS and the E_Status value to be placed in*the Shado
tatus register at the end of the Data FIS. The device shall be prepared to receive a Data FI
response to transmitting a PIO Setup FIS.

U< o

72 Mo B e, ; B

16.2.9.4 Reception of PIO Setup by Host Prior to a Data Transferfrom Host to Device

pon receiving a PIO Setup - Device to Host FIS, the host shall transfer the Status and Errg
alues into the Shadow Status and Error registers and shall hold the E_Status value in
temporary register. The Transfer Count value shall be loaded into a countdown register. Upo
etecting the change in the Shadow Status register, host software proceeds to perform
ries of write operations to the Shadow Data register,«which the host adapter collects t
roduce a Data FIS to the device. Each write of the Shadow Data register results in anothe
ord of data being concatenated into the Data FIS, and the countdown register bein
ecremented accordingly. The E_Status value shalMbe transferred to the Shadow Statu
register within 400 ns after the countdown registet’reaching terminal count. In the case tha
the transfer length represents an odd number, 0f'words, the last word shall be placed in th
Ipw order (word 0) of the final DWORD and the high order word (word 1) of the final DWOR
hall be padded with zeros before transmission. This process is repeated for every Data FlI
eeded to complete the overall data transfer of a command.

UUUD 0L 5 00D 50 =5

6.2.9.5 Transmission of PIO Setup by Device Prior to a Data Transfer from Device to
Host

Tlhe device transmits a PIO.Setup - Device to Host FIS to the host in preparation for a Pl
Qata FIS just before every)PIO Data FIS required to complete the total data transfer for
gommand. The device in¢ludes in the FIS the values to be placed in the Shadow Statu
register at the beginhing of the PIO Data FIS and the E_Status value to be placed in th
Shadow Status regisier at the end of the Data FIS. The device shall be prepared to transmit
Qata FIS following.the transmittal of a PIO Setup FIS.

O O O D U

16.2.9.6 Reception of PIO Setup by Host Prior to a Data Transfer from Device to Host

pon receiving a PIO Setup - Device to Host FIS for a device to host transfer, the host sha
old the-Status, Error and E_Status values in temporary registers. The Transfer Length valu
hall*be loaded into a countdown register. Upon reception of a Data FIS from the device, th

host proceeds to perform a series of read operations from the Shadow Data register. Each
read of the Shadow Data register results in a countdown register being decremented
accordingly. The E_Status value shall be transferred to the Shadow Status register within
400 ns after the countdown register reaching terminal count. This process is repeated for
every Data FIS needed to complete the overall data transfer of a command.
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16.2.10 Data, Host to Device or Device to Host (bidirectional)
16.2.10.1 General

313(2(2|12|2(2|2(|2(2|2|2{1(1|1{1|1|1[1[(1]|1{1|9|8|7|/6|5/4|/3|2]|1/|0
1/0[(9(8|7[6[5[4[3[2[1]/0[9[8|7[6[|5[4[3[2]1]0
0 | Il?esler\lledl(o | Il?esler\lledl(Of R|R|R Rcleselrveid (|O) | F|IS il'yple (|46r|1) |

NDWORDs of data
(minimum of one DWORD - maximum of 2048 DWORDSs)

n
N e N A I e B

Figure 69 — Data, Host to Device or Device to Host FIS layout

—

he following Field definitions apply.
FIS Type - Set to a value of 46h. Defines the rest of the FIS fields.)Defines the lengt
of the FIS as n+1 DWORDs.
DWORDs of data - Contain the actual data to transfer. YOnly 32 bit fields ar
transferred. The last DWORD is padded with zeros.when only a partial DWOR

is to be transmitted.
NOTE The maximum amount of user data that can be sent.in a single Data - Host to Device

Data - Device to Host FIS is limited. See description 16:2,10.2.

R — Reserved.

16.2.10.2 Description

Tlhe Data - Host to Device and the Data - Device to Host FISes are used for transportin
payload data, such as the data read from or-written to a number of sectors on a hard drive
ee Figure 69. The FIS may either be gengrated by the device to transmit data to the host ¢
ay be generated by the host to transmitydata to the device. This FIS is only one element of
equence of transactions leading up.to a data transmission and the transactions leading up t
nd following the Data FIS establish.the proper context for both the host and device.

he byte count of the payload is not an explicit parameter, rather it is inferred by counting th
umber of DWORDs betweenithe SOF and EOF primitives, and discounting the FIS type an
RC DWORDs. The paylead size shall be no more than 2048 DWORDs (8192 bytes). Nor
acket devices shall repoert a SET MULTIPLE limit of 16 sectors or less in word 47 of the
DENTIFY DEVICE jinformation.

=0T O3 -

n the case that-the transfer length represents an odd number of words, the last word shall b
laced in the/low order (word 0) of the final DWORD and the high order word (word 1) of th
nal DWORD-shall be padded with zeros before transmission.

—_ T

16.2.10°3" Transmission
The device transmits a Data - Device to Host FIS to the host during the data transfer phase g

U

=

= 1 &0 O .7 @

[CANY]

f

RlO“reads DMA reads and First Party DMA writes to host memaory The device shall preced

a)

a Data FIS with any necessary context-setting transactions as appropriate for the particular
command sequence. For example, a First Party DMA host memory write is preceded by a
First Party DMA Setup - Device to Host FIS to establish proper context for the Data FIS that

follows.

The host transmits a Data - Host to Device FIS to the device during the data transfer phase of
PIO writes, DMA writes and First Party DMA reads of host memory. The FIS shall be
preceded with any necessary context-setting transactions as appropriate for the particular

command sequence. For example, a DMA write to the device is preceded by a DMA Activate
Device to Host FIS with the DMA context having been pre-established by the host.

When used for transferring data for DMA operations multiple Data - Host to Device or Device
to Host FIS’s can follow in either direction. Segmentation can occur when the transfer count
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exceeds the maximum Data - Host to Device or Device to Host transfer length or if a data
transfer is interrupted.

When used for transferring data in response to a PIO Setup all of the data specified in the
transfer count in the PIO Setup shall be transmitted in a single Data FIS.

In the event that a transfer is broken into multiple FISes, all intermediate FISes shall contain
an integral number of full DWORDs. If the total data transfer is for an odd number of words,
then the high order word (word 1) of the last DWORD of the last FIS shall be padded with
zeros before transmission and discarded on reception.

1
N
o
t

— b

6.2.10.4 Reception

either the host nor device is expected to buffer an entire Data FIS in order to check the-CR
f the FIS before processing the data. Incorrect data reception for a Data FIS is reflected i
ne overall command completion status.

6.3 Host transport states
6.3.1

Host transport idle state diagram

HTI1:

Hostlidle

Wait for frame receipt or
Frame transmit request

FIS receipt indicated
by Link Layer

Shadow Command register written
— HTI1:HT CM | e HT_CmdF IS

— Xxx:HTI1 —

DMA Setup FIS requested
by Application Layer

ShadowControl register written and state of
SRST'is changed. Mandatory Transition

FSHTI1:HT CM1 =g HT_CtrlFIS

Shadow Control register written and state
of SRST not changed. Optional transition

HT_DMASTUPFIS ~—— HT|1:HTDMASFUPO —— HTI1:HTCR1 ———= HT_CntrFIS

BIST FIS trans requested
by Applicatienlayer

Saved indication is that previous FIS was P1O
Setup, and Application Layer indicates direction is

HT Xmit BIST ~——— HTI1!HTXBISTO — host to device.

Frame receipt indicated by
Link'Layer

Check

Set device bits FIS detected
HT_DB_FIS ~a———HTI2:HTDB0O —
FP DMA setup FIS detected

HT1:HTI2 —]

HTI2: HT_ChkTyp

— HTI11:HTPS3 ——»HT_PIOOTrans2

A

FIS Type

Unrecognized or Unsupported
FIS received, or illegal transition
error reported by Link Layer
— HTI2ZHTIM

Register FIS detected
—HTI2’HTR1 ———m= HT RegFIS

)

=)

HTBSF5—= HATIZHTDST —
Data FIS detected and previous

FIS was not PIO Setup
HT_DMAITrans <a———HTI2:HTDA5 —

Data FIS detected and previous
FIS was PIO Setup

DMA activate FIS detected
— HTI2:HTDA | = HT_DMA_FIS

P10 setup FIS detected
— HTI2:HTPS1—— HT_PS_FIS

BIST FIS detected

Figure 70 — Host transport idle state diagram (States HTI1-HTI2)
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HTI1: HT_Hostldle state: This state is entered when a Frame Information Structure
(FIS) transaction has been completed by the Transport layer, see Figure 70.

When in this state, the Transport layer waits for the Shadow Command register to be written,
the Shadow Device Control register to be written, or the Link layer to indicate that an FIS is
being received.

TransitionHTI1:HTCM1: When the Shadow Command register is written, the Transport
layer shall make a transition to the HTCM1: HT_CmdFIS state.

ransition HTI1:HTCR1: When the Shadow Control register is written, and the state of th
3RST bit is changed from its previous state, the Transport layer shall make a transition_to th
HTCR1: HT_CntrIFIS state. This transition is optional upon a write operation to the Shado
Qontrol register if the state of the SRST bit is not changed.

< O O

ransition HTI1:HTI2: When the Link layer indicates that an FIS is being‘teceived, thp
ransport layer shall make a transition to the HTI2: HT_ChkTyp state.

<<

MA Setup FIS is to be sent, the Transport layer shall maké{a transition to th

1
T
Transition HTIM:HTDMASTUPO: When the Application layer indicates jthat a First Part
C
HTDMASTUPO:HT_DMASTUPFIS state.

=

Transition HTI1:HTXBIST1: When the host’s application layer requests the transmission g
g BIST request to the device the Transport layer shall make a‘iransition to the HTXBIST1:H[l
state.

-]
—

ransition HTI1:HTPS3: When the host's application*layer requests the transmission ¢

ata to the device and the saved indication shows:that the previous FIS was a PIO Setu
pe, the Transport layer shall make a transition¢to the HTPS3:HT_PIOOTrans2 state. Th
ost Transport layer shall save an indication that.a PIO Setup FIS was the last FIS received.
he host’s application layer writes data to thesdevice by performing writes to the Data registe
the Shadow Command Block.

[CEN®]

-

= 4T~ Q

TI2: HT_ChkTyp state: This state is entered when the Link layer indicates that an FI
i$ being received, see Figure 70.

UJ

hen in this state, the Transport'tayer checks the FIS type of the incoming FIS.

ransition HTI2:HTR1: When the incoming FIS is a register type, the Transport layer shal
otify the Link Layer thdt it has received a valid FIS type, and make a transition to the HTR1:
T_RegFIS state.

—

ransition HTI2¢HFDBO: When the incoming FIS is a Set Device Bits type, the transpor
layer shall notify )the Link Layer that it has received a valid FIS type and make a transition t
the HTDBO:HT__DB_FIS state.

O

—

ransition”HTI2:HTDA1: When the incoming FIS is a DMA Activate type, the Transpo
layer shall notify the Link Layer that it has received a valid FIS type and make a transition t
theeHTDA1: HT_DMA_FIS state.

O

Transition HTI2:HTPS1: When the incoming FIS is a PIO Setup type, the Transport layer
shall notify the Link Layer that it has received a valid FIS type and make a transition to the
HTPS1: HT_PS_FIS state. The Host Transport layer shall save an indication that a PIO Setup
FIS is the last FIS received.

Transition HTI2:HTDS1: When the incoming FIS is a First Party DMA Setup type, the
Transport layer shall notify the Link Layer that it has received a valid FIS type and make a
transition to the HTDS1: HT_DS_FIS state.

Transition HTI2:HTRBIST1: When the incoming FIS is a BIST Activate type, the Transport
layer shall notify the Link Layer that it has received a valid FIS type and make a transition to
the HTRBIST1:HT_RcvBIST state.
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Transition HTI2:HTDAS5: When the incoming FIS is a Data type, and the previous FIS was
not a PIO Setup type, the Transport layer shall notify the Link Layer that it has received a
valid FIS type, and make a transition to the HTDA5:HT_DMAITrans state. The Host Transport
Layer saved an indication that a PIO Setup FIS was the last FIS received, so that this state
can determine whether to transition to DMA data transfer or PIO data transfer.

Transition HTI2:HTPS5: When the incoming FIS is a Data type, and the previous FIS was a
P1O Setup type, the Transport layer shall notify the Link Layer that it has received a valid FIS
type and make a transition to the HTPS5:HT_PIOITrans state. The Host Transport Layer
saved an indication that a PIO Setup FIS was the last FIS received, so that this state can
determine whether to transition to DMA data transfer or PIO data transfer.

Transition HTI2:HTI1: When the received FIS is of an unrecognized or unsupported. typsg
the Transport layer shall notify the Link Layer that it has received an unrecognized FIS anf
make a transition to the HTI1: HT_Hostldle state.

When the Transport layer receives notification from the Link layer of an illegal state transition,
the Transport layer shall make a transition to the HTI1: HT_Hostldle state.

6.3.2 Host Transport transmit command FIS diagram

1
Tlhe protocol shown in Figure 71 builds an FIS that contains,.the host adapter Shado
Gommand Block and Shadow Control Block and sends it to the-device when the softwar
driver or BIOS writes the host adapter Shadow Command register.

<

[

HTCM1: HT_CmdFIS HTFCM2: HT_ TransStatus
Construct Cmd type FIS from the Check Link and Phy
content of the Shadow Registers and Transmission results and if an
Notify Link to Transfer error occurred take
Shadow FIS Transfer complete Status Checked, no error
Command L HTCMA1: HTCM2 = HTCM2: HTI1—— HT_Hostldle
Reaister Written SRST asserted by Host.
xx: HTCM 11— Status Checked and Error

— HTCM2: HTI1——= HT_Hostldle

Notification of lllegal Transition
error received from Link Layer

— HTCM2: HTI1——= HT_Hpstldle

Detected, and no SRST
- HTCM2: HTCM1

Notification of lllegal Transition
ernoryreceived from Link Layer

—<““HTCM1: HTI1——m HT_Hostldle

Frame receipt indicated by Link layer
—HTCM1: HTI1 —— HT _Hostldle

Figure.71 — Host transport transmit command FIS diagram (States HTCM1-HTCM2)

HTCM1: HT_CmdFIS state: This state is entered when the Shadow Command registe
written

—

When in this state, the Transport layer shall construct a register FIS, notify the Link layer that
the FIS is to be transmitted, and pass the FIS to the Link layer.

Transition HTCM1:HTCM2: When the entire FIS has been passed to the Link layer, the
Transport layer shall indicate to the Link layer that the FIS transmit is complete and make a
transition to the HTCM2: HT_TransStatus state.

Transition HTCM1:HTI1: When the Transport layer receives notification from the Link layer
of an illegal state transition, the Transport layer shall make a transition to the HTI1:
HT_Hostldle state.

Transition HTCM1:HTI1: When the Link layer indicates that an FIS is being received, the
Transport Layer shall mak e a transition to the HTI1:HT_Hostldle state.
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HTCM2: HT _TransStatus state: This state is when the entire FIS has been passed to
the Link layer.

When in this state, the Transport layer shall wait for the Link and Phy ending status for the
FIS and take appropriate error handling action if required.

Transition HTCM2:HTI1: When the FIS status has been handled and no errors detected,
the Transport layer shall transition to the HTI1: HT_Hostldle state.

Transition HTCM2:HTCM1: When the FIS status has been handled and an error has been
etected, and the host has not asserted the SRST by writing to the Device Control registef,
the Transport layer shall transition to the HTCM1: HT_CmdFIS state.

ransition HTCM2:HTI1: When the FIS status has been handled, an error has” bee
etected, and the host has asserted the SRST by writing to the Device Control register, or
EVICE RESET command has been written to an ATAPI device, the Transpori-layer shal
inform the Link layer to send a SYNC primitive, and transition to the HTI1: HTrnHostldle state.

— U I

Transition HTCM2:HTCM1: When the Transport layer receives notification from the Link
layer of an illegal state transition, the Transport layer shall make a.tfansition to the HTI1:
HT Hostldle state.

6.3.3 Host Transport transmit control FIS diagram

<

ommand Block and Shadow Control Block content and sends it to the device when th
oftware driver or BIOS writes the host adapter Shadow Bevice Control register.

14

1
Tlhe protocol shown in Figure 72 builds an FIS that contains the host adapter Shado
C
S

HTCR1: HT_CntrIFIS

Construct Confrol type FIS HTCR2: HT _TransStatus
from Shadow Registers and Check Link & Phy
notify Link to transfer transmis sion results
Shadow Control reg written FIS trafisfer complete Status checked, no error

— HTIM1:HT CR s

— HTCR1:HTCR2
Status checked, error
—— HTCR2:HTCR1 —‘
Link Notification of lllegal

transition error.
— HTCR1:HTI1 — Hostidle

— HTCR2:HTI1 = Hostldle

Link Notification FIS being received
— HTCR1:HTI1 —= Hostidle

Figure\72 — Host transport transmit control FIS diagram (States HTCR1-HTCR2)

HTCR4A: HT_Cntrl_FIS state: This state is entered when the Shadow Device Contrg
bgister is written.

-

When in this state, the Transport layer shall construct a register FIS, notify the Link layer that
the FIS is to be transmitted, and pass the FIS to the Link layer.

Transition HTCR1:HTCR2: When the entire FIS has been passed to the Link layer, the
Transport layer shall indicate to the Link layer that the FIS transmit is complete and make a
transition to the HTCR2: HT_TransStatus state.

Transition HTCR1:HTI1: When the Transport layer receives notification from the Link layer
of an illegal state transition, the Transport layer shall make a transition to the HTI1:
HT_Hostldle state.

When the Link layer indicates that an FIS is being received, the Transport Layer shall make a
transition to the HTI1:HT_Hostldle state.
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HTCR2: HT _TransStatus state: This state is when the entire FIS has been passed to
the Link layer.

When in this state, the Transport layer shall wait for the Link and Phy ending status for the
FIS and take appropriate error handling action if required.

Transition HTCR2:HTI1: When the FIS status has been handled and no errors have been
detected, the Transport layer shall transition to the HTI1: HT_Hostldle state.

Transition HTCR2:HTCR1: When the FIS status has been handled and at least one error
has been detected, the Transport layer shall transition to the HTCR1: HT_Cntrl_FIS.

16.3.4 Host Transport transmit First Party DMA Setup, Device to Host or Host to
Device FIS state diagram

he protocol shown in Figure 73 transmits a First Party DMA Setup - Device to. Host or Hos
b Device FIS to a receiver. This FIS is a request by a sender for the recipient|\te’ program it
MA controller for a First Party DMA transfer and is followed by one or more\Data FISes tha
ansfer data. The First Party DMA Setup - Device to Host or Host to-Device FIS requeg
ncludes the transfer direction indicator, the host buffer identifier, thechost buffer offset, th
yte count and the interrupt flag.

il ol e Bl
— ~+ O~

[4%

o

HTDMASTUPO: HT_DMASTUPFIS HTDMASTUP1/HT TransStatus
Construct the DMA Setup FIS Check Link & Phy fransmit results

(Status checked, no error) or (status
checked, error, and SRST)

—HTDMASTUP1:HTI1—s HT_Hostldle

First party DMA Setup FIS transfer Complete
requested — HTDMASTUPO:HTDMASTUP -

— HTIT:HTDMASTUPO—p— (Status checked,'error, and no

SRST), retry trahsfer (Status checked
atus checked, error
*—HTDMASTUPTHIDMASTUP  — jotocted and SRST

—HTDMASTUP1:HTI1—# HT_Hostldl¢

i

Link notification of lllegal transition error
— HTDMASTUPO:HTI1 — HT_ Hostldle

Frame Receipt indicated by link Layer
- HTDMASTUPO:HTI1 —=— HT_Hostldle

Figure 73 — Host transport transmit First Party DMA setup — Device to host or host to
device FIS (States HTDMASTUPO-HTDMASTUP1)

HTDMASTUPO: HT_DMASTUPFIS state: This state is entered when the Applicatio
pquests the transmission of a First Party DMA Setup - Host to Device or Device to Host FIS.

—
=)

Wheh in this state, the Transport layer shall construct a First Party DMA Setup - Host tp
Device or Device to Host FIS, notify the Link layer that the FIS is to be transmitted and pass
the FIS to the Link layer.

Transition HTDMASTUPO:HTDMASTUP1: When the entire FIS has been passed to the Link
layer, the Transport layer shall indicate to the Link layer that the FIS transmission is complete
and make a transition to the HTDMASTUP1: HT_TransStatus state.

Transition HTDMASTUPO:HTI1: When the Transport layer receives notification from the
Link layer of an illegal state transition, the Transport layer shall make a transition to the HTI1:
HT_Hostldle state.

Transition HTDMASTUPO:HTI1: When the Link layer indicates that an FIS is being
received, the Transport Layer shall make a transition to the HTI1:HT_Hostldle state.
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HTPDMASTUP1: HT_TransStatus state: This state is entered when the entire FIS has
been passed to the Link layer.

When in this state, the Transport layer shall wait for the Link and Phy ending status for the
FIS and take appropriate error handling action if required.

Transition HTDMASTUP1:HTI1: When the FIS status has been handled and no error
detected, the Transport layer shall transition to the HTI1: HT_Hostldle state.

Transition HTDMASTUP1:HTDMASTUPO: When the FIS status has been handled, an error
T the
ransport layer shall report status to the Link layer, and retry this transfer by transitioning-tp
ne HTDMASTUPO: HT_DMASTUPFIS state.

[ |

[

Transition HTDMASTUP1:HTI1: When the host has asserted the SRST bit by writing to th
Device Control register or the DEVICE RESET command is issued, the Transport’layer shall
mform the Link layer to send SYNC primitives, and the Transport layer shall.iransition to thge
TI1: HT_Hostldle state.

€I =

6.3.5 Host Transport transmit BIST Activate FIS

he protocol shown in Figure 74 builds a BIST Activate FIS that tells the device to prepare tp
nter the appropriate Built-in Self-test mode. After successfdl transmission, the hosgt
ransport layer enters the idle state. The application layef,, upon detecting successfiyl
ansmission to the device shall then cause the host’s Transport'layer, Link layer and Physical
y
t

— D — =

—_— -+

ayer to enter the appropriate mode for the transmission<of)the Built-in Test data defined b|
ne FIS. The means by which the Transport, Link and Physical layers are placed into self-teg
hode are not defined by this standard.

- —+

HTXBISTO: HT_XmitBIST HTXBIST1: HT_TransBIST Status

Construct BIST Activate FIS & Notify Check Lin & Phy Transmit results
Link to Transfer

BIST Transmit requested FIS transfer complete Status checked, no error

— HTI:HTXBISTO — 1 HTXBISTOHTXBIST | ————sef— HTXBIST1:HTI1 ——HT_Hostldle

Status checked, error
=="HTXBIST1:HTXBISTO

Notification of lllegal transition
from Link Layer
—HTXBISTO:HTI1—=HT_Hostldle

Frame receiptindicated
by Link Layer

—HTXBISTO:HTI1 —=—HT_Hostldle

Figure 74 — Host transport transmit BIST activate FIS (States HTXBIST0-HTXBIST1)

HTXBISTO0: HT_XmitBIST state: This state is entered to send a BIST FIS to the
device.

Transition HTXBISTO0:HTXBIST1: When the entire FIS has been passed to the Link layer,
the Transport layer shall indicate to the Link layer that the FIS transmission is complete and
make a transition to the HTXBIST1:HT_TransBISTStatus state.

Transition HTXBISTO:HTI1: When the Transport layer receives notification from the Link
layer of an illegal state transition, the Transport layer shall make a transition to the HTI1:
HT_Hostldle state.

Transition HTXBISTO:HTI1: When the Link layer indicates that an FIS is being received, the
Transport Layer shall make a transition to the HTI1:HT_Hostldle state.
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HTXBIST1: HT_TransBISTStatus state: This state is entered when the entire FIS
has been passed to the Link layer.

Transition HTXBIST1:HTI1: When the FIS transmission is completed and no errors have
been detected the Transport layer shall transition to the HTI1:HT_Hostldle state.

Transition HTXBIST1:HTXBIST0: When the FIS transmission is completed and at least one
error is detected the Transport layer shall transition to the HTXBISTO: HT_XmitBIST state.

16.3.6 Host Transport decompose Register FIS diagram

Tlhe protocol shown in Figure 75 receives an FIS from the device containing new Shado
Gommand Block and Shadow Control Block content and places that content into the Shado
Gommand and Shadow Control registers.

< <

HTR1: HT_RegFIS HTR2: HT_TransStatus
Place FIS contents into Check Link & Phy
Holding registers Transmit results
Register FIS recvd FIS transfer complete Status checKed, no errors.
Put contents into Shadow
— HTI2:HTR1 ——[——HTR1:HTR2 -

registers
— HTR2:HTI1 —= HT_Hostldle
lllegal transition detected by Link

L HTRA-HTI HT Hostldle Status checked and error

detected. Do not put contents
into Shadow registers. Error
status retumed to device
|__HTR2:HTI1 —= HT_Hostldle

Figure 75 — Host transport decompose register FIS diagram (States HTR1- HTR2)

HTR1: HT_RedFIS state: This state is entered when the Link layer has indicated the
n FIS is being received and that.the FIS is of the register type.

—

hen in this state, the JFransport layer shall decompose the register FIS and place th
ntents into the appropriate holding registers.

()

ransition HTR1:HTR2: When the entire FIS has been placed into the holding registers, th
ransport layer shall'make a transition to the HTR2: HT_TRANS_STATUS state.

()

=

ransition HTR1:HTI1: When the Transport layer receives notification from the Link layer ¢
n illegal state transition, the Transport layer shall make a transition to the HTI1: HT_HostldI
ate.

)]

TR2: HT _TransStatus state: This state is entered when the entire FIS has bee
placed into the holding registers

=)

When in this state, the Transport layer shall wait for the Link and Phy ending status for the
FIS and take appropriate error handling action if required.

Transition HTR2:HTI1: When the FIS status has been handled and no errors detected, the
contents of the holding registers shall be placed in the Shadow Command Block and Shadow
Control Block and if the interrupt bit is set, the Transport layer shall set the Interrupt Pending
flag. The Transport layer shall transition to the HTI1: HT_Hostldle state. When the FIS status
has been handled and at least one error detected, the contents of the holding registers shall
not be transferred to the Shadow Command Block and Shadow Control Block, error status
shall be returned to the device, and the Transport layer shall transition to the HTI1:
HT_Hostldle state.
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16.3.7 Host Transport decompose a Set Device Bits FIS state diagram

The protocol shown in Figure 76 receives an FIS from the device containing new Shadow
Error and Shadow Status register content and places that content into the Shadow Error and
Shadow Status registers.

HTDBO: HT_DB_FIS HTDB1: HT_Dev_Bits
Receive Set Device Bits Load Error Register and bits of
ElS Status Dagiehar
Set Device Bits FIS recvd FIS status chkd, no error Reg bits loaded

— HTI2:HTDB) — = HTDB0:HTDB1 ————————— HTDB1:HT|{ — HT_Hostldle

FIS status checked, error detected,
return error status to device

— HTDBO:HTI1 —s HT_Hostldle

Higure 76 — Host transport decompose Set Device Bits FIS state diagram (States HTDBU
HTDB1)

-

ITDBO:HT_DB_FIS state: This state is entered whén the Link layer has indicated that ap
IS being received and that the FIS is a Set Device Bits'type.

n

Vhen in this state, the Transport layer shall waitcfor the FIS reception to complete and fg
ink and Phy ending status to be posted.

<
=

ransition HTDB0O:HTDB1: When the \FIS reception is complete with no errors detected,
ne Transport layer shall transition to the'HTDB1:HT_Dev_Bits state.

i |

ransition HTDBO:HTI1: When(the FIS reception is complete with errors detected, th
ransport layer shall return error status to the device and transition to the HTI1:HT_HostldI
ate.

— =

® D

TDB1:HT_Dev_Bits state: This state is entered when a Set Device Bits FIS has beep
received with no errors,

hen in this state,\the data in the Error field of the received FIS shall be loaded into the hog
dapter's Shadow-Error register. The data in the Status-Hi field of the received FIS shall b
Ipaded into hifs™6, 5 and 4 of the Shadow Status register. The data in the Status-Lo field g
the received’FIS shall be loaded into bits 2, 1 and 0 of the Shadow Status register. Bit 7, BS
nd bit 3,;\DRQ, in the Shadow Status register shall not be changed. If the | bit in the FIS i
t towene and if both the BSY bit and the DRQ bit in the Shadow Status register are cleare

tp zero, then the host adapter shall enter an Interrupt Pending state.

OO0 X =10 ~

Transition HTDB1:HTI1: The Transport layer shall transition to the HTI1:HT Hostldle
state.

16.3.8 Host Transport decompose a DMA Activate FIS diagram and DMA Data Transfer

The protocol shown in Figure 77 receives an FIS that requests a legacy DMA data transfer. If
the data transfer is from the host to the device the DMA Activate FIS causes the host adapter
to transmit the data in a subsequent Data FIS If the data transfer is from the device to the
host, the host receives the subsequent data FIS.
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. HTDA2: HT_DMAOTrans1
HTDA1: HT_DMA_FIS Check if DMA controller

Check FIS reception Status

Initialized

Status checked, direction host DMA controller
DMA activate FIS, to device, no error not initialized
direction Host to L HTDA1:HTDA2 - .
Device HTDA2:HTDA2

— HTI2:HTDA1 —={ Status checked, error detected or
illegal transition error received -
| HTDA1:HTI1 —= HT Hostldle Software reset or DEVICE
RESET command from

host application. Inform

HTDA3: HT_DMAOTrans2 Link o send SYNC's

Activate DMA Controller and - HTDA2:HTI1—+—HT_Hostldle
pass data to Link layer DMA controller
Transfer not — e=———r—— initialized
complete, <8KB - HTDA2:HTDA3 —

transmitted Transfer complete, or
(’HTDA‘?"HTDA?’— (transfer not complete HTDA4: HT_DMAEnd

and 8KB transmitted), or Check DMA Controller

™1 (abort notification from

Link layer) .
4 DMA eontroller actions
HTDA3:HTDA4 completed without error

lllegal transition error or software L "HTDA2:HTI1—= HT Hostldle
reset or DEVICE RESET command -

- HTDA3:HTI1 - HT_Hostldle

DMA controller actions
completed with error, notify Link
& application

| : HT_Hostldl
HTDAS: HT_DMAITrans HTDAZ:HTI1=s H1_Hoslide
Activate DMA Controller

— DMAT notification from Link.
Data FIS and previous Transfer complete Notify Link to append CRC &
FIS not a PIO Setup FIS, — HTDA5:HTDA4 »| end frame. No Errors detected
and direction device to .
host SRST or ATAPI DEVICE RESET — HTDA2:HTI1—= HT_Hostldle
— HTI2ZZHTDAS —— gan’:lnC;?nd' Inform Link to send DMAT notification from Link.
Transfer not complete —HTDZS'HTI1 —= HT Hostldle Notify Link to append CRC &
HTDA5:HTDA5 — : - end frame. Errors detected,
' report status to Host
- . . — HTDA2:HTI1—=— HT_Hostldle
> | Link reports illegal transition error
L HTDAS5:HTI1 == HT_Hostldle

Higure 77 — Host transport decompose DMA activate FIS diagram (States HTDA1-HTDASY)

HTDA4:HT_DMA_FIS state: This state is entered when the Link layer has indicate
hat an’FI1S is being received and the Transport layer has determined that a DMA Activate FlI
5 being received.

—_—
U, O

Transition HTDA1:HTDA2: The Transport layer shall make a transition to the HTDAZ2:
HT_DMAOTrans1 state. This transition occurs if no error is detected.

Transition HTDA1:HTI1: When an error is detected, status is conveyed to the Link layer
and to the application layer. The Transport layer shall make a transition to the
HTI1:HT_Hostldle state.

When the Transport layer receives notification from the Link layer of an illegal state transition,
the Transport layer shall make a transition to the HTI1: HT_Hostldle state.

HTDA2: HT_DMAOTrans1 state: This state is entered when the FIS Reception has
been checked and no errors are detected.
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When in this state, the Transport layer shall determine if the DMA controller has been
initialized.

Transition HTDA2:HTDA2: When the DMA controller has not yet been initialized, the
Transport layer shall transition to the HTDA2: HT_DMAOTrans1 state.

Transition HTDA2:HTDA3: When the DMA controller has been initialized, the Transport
layer shall transition to the HTDA3: HT_DMAOTrans2 state.

Transition HTDA2:HTI1: When the host has asserted the SRST bit by writing to the Device

ransport layer shall inform the Link layer to send SYNC primitives, and the Transport jaygr
hall transition to the HTI1:HT_Hostldle state.

TDA3: HT_DMAOTrans2 state: This state is entered when the DMA controller has
een initialized.

hen in this state, the Transport layer shall activate the DMA controller and pass data to the
ink layer.

ransition HTDA3:HTDA3: When the transfer is not complete and-tess than 8KB of payloafd
ata has been transmitted, the Transport layer shall transition to the HTDAS:
T _DMAOTrans2 state.

ransition HTDA3:HTDA4: When the transfer is not complete but 8KB of payload data hals
een transmitted, the Link layer shall be notified to close)the current frame and the Transpo
yer shall deactivate the DMA engine and transition texthe HTDA4: HT_DMAENd state.

—

When notified by the Link layer that the DMAT primitive was received, the Transport layer maly
transition to the HTDA4: HT_DMAENd state. Use‘of DMAT is not recommended, see 15.4.6.

Vhen the requested DMA transfer is complete, the Transport layer shall transition to th
TDA4: HT_DMAENd state.

[

I <

—

ransition HTDA3:HTI1: When the/Transport layer receives notification from the Link laye
f an illegal state transition, theTransport layer shall make a transition to the HTI®:
T_Hostldle state.

T O
=~

Vhen the host has asserted*the SRST bit by writing to the Device Control register, or th
EVICE RESET command’ is written to the Command register, the Transport layer sha|
form the Link layer te sénd SYNC primitives, and the Transport layer shall transition to th
TIM1:HT_Hostldle state.

o<
—

[

[2]

TDA4: HT{DMAENd state: This state is entered when the DMA data transfer i
mplete.

hen in“his state, the Transport layer shall ensure that the activities of the DMA controllg
ave, completed.

—

ransition HTDA4:HTI1: When the DMA controller has completed its activities, whether |t
has exhausted its transfer count or has been deactivated as a result of reaching the 8KB data
payload limit, the Transport layer shall transition to the HTI1: HT_Hostldle state. This
transition occurs if no error is detected.

When an error is detected, status shall be reported to the Link and application layers. The
Transport layer shall transition to the HTI1:HT_Hostldle state.

When notified by the Link layer that a DMAT primitive was received, the transfer may be
truncated, and the Link layer notified to append CRC and end the frame. (Use of DMAT is not
recommended, see 15.4.6.)

When it is determined that the transfer is completed with an error, the Transport layer shall
report status to the host and make a transition to the HTI1:HT_Hostldle state.
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When it is determined that the transfer is completed with no error, the Transport layer shall

make a transition to the HTI1:HT_Hostldle state.

HTDAS5: HT_DMAITrans state: This state is entered when the Transport layer has

determined that the DMA transfer being activated is from device to host.

When in this state, the Transport layer shall activate the DMA controller if the DMA controlle

r

is initialized. A data frame will be received from the device and a received data DWORD shall

be placed in the data FIFO.

Vhen in this state, the Transport layer shall wait until the Link layer has begun to receive th
ODMA data frame and data is available to be read by the host.

ransition HTDAS5:HTDAS5: |If the transfer is not complete, the Transport layer” sha
ansition to the HTDAS5: HT_DMAITrans state. This includes the condition where-the hos

D O o =

ngine is prepared to transfer the received data to the destination memory locations.

ransition HTDA5:HTI1: When the SRST bit is asserted by the haost writing the Devic
ontrol register, or a DEVICE RESET command has been written ta’an ATAPI device, th
ink layer shall be informed to send a SYNC primitive, and the TranSport layer shall transitio
b the HTI1:HT _Idle state.

= I O -

<

Vhen the Transport layer receives notification from the Link layer of an illegal state transitiorn
ne Transport layer shall make a transition to the HTI1: HT ~Hostldle state.

-

ransition HTDA5:HTDA4: When the requested DMA*“transfer is complete, the Transpo
Tyer shall transition to the HTDA4: HT_DMAENd state.

= v

6.3.9 Host Transport decompose a PIO Setup FIS state diagram

the direction is from host to device, the (Fransport layer transmits a Data FIS to the devic
ontaining the PIO data. If the directioncof transfer is from device to host, the Transport layg
bceives a Data FIS from the device. There shall be one data FIS for each corresponding Pl
etup FIS.

W - 0O —= -

t
MA engine has not yet been programmed and the transfer is therefore held up‘until the DMA

he protocol shown in Figure 78 receives a PIO Setup FIS that requests a PIO data transfef.

()

—

U= O
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HTPS1: HT_PS_FIS HTPS2: HT_PIOOTrans1
Determine direction of PIO Put initial register content
transfer, save indication into Shadow Registers
PIO setup FIS received |Transfer host to device, no error, D=0 Contents moved,
—HTI2ZHTPS —==g— HTPS1:HTPS2 P Transport ready to

(Transfer is device to host, D=1, no send PIO data FIS
error), or (error detected) or (illegal — HTPS2:HTPS3

transition error reported) \
I — HTPS1:HT11 =——— HT Hostldle |

HTPS3: HT_PIOOTrans2
Wait for Link to indicate data
fransfer complete

Transfer not complete HTPS4: HT_PIOEnd
Put Ending register content from

HTPS3:HTPS3— >
C Byte count for this PI1O Setup FIS into shadow
| DRQ block complete Registers

— HTPS3:HTPS4

Cortent moved, no errors

Link indicates lllegal Transition —HTPS4:HTI+#=HT_Hostldle

— HTPS3:HTI1 —=—HT_Hostldle
Content moved, error
SRST asserted by Host, or ATAPI detected, Notify Link
DEVICE RESET command written, I~ HTPS4:HT|+==HT Hostldle

Send SYNC primitives
— HTPS3:HTI1 —=—HT_Hostldle

HTPS5: HT_PIOITrans1 f—
Wait until initial PIO data N
received in data frame

SRST asserted by,Host, or ATAPIDEVICE
RESET command._written, Send SYNC primitives
1T— HTPS3:HTI1{—==HT_Hostldle

Data FIS and
previous FIS was
a P10 Setup FIS
and direction is Link indicates-illegal transition
device to host L HTPS5:HTI*—=—HT Hostldl
— HTI2:HTPS5 —a —rostdle
HTPS6: HT_PIOITrans2
Wait for link to indicate
Transfer complete

Received PIO data available, put Transfer count for this DRQ
initial register contents into Block complete
Shadow registers | . /
HTPS5:HTPS6 —— HTPSEHTPS4
Transfer not complete Link indicates lllegal transition

Figure 78 — Host transport decompose PIO setup FIS state diagram (States HTPS1-
HTPS6)

HTPS1: HT_PS_FIS state: This state is entered when the Link layer has indicated that
an FIS is being received and that the Transport layer has determined a PIO Setup FIS is

being received.

When in this state, the Transport layer shall determine the direction of the requested PIO
transfer and indicate that the last FIS sent was a PIO Setup.
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Transition HTPS1:HTPS2: When the direction of transfer requested is from host to device
(D=0), the Transport layer shall make a transition to the HTPS2: HT_PIOOTrans1 state. This
transition occurs if no error is detected.

Transition HTPS1:HTI1: When the direction of transfer requested is from device to host
(D=1), the Transport layer shall make a transition to the HTI1:HT_Hostldle state. This
transition occurs if no error is detected.

When an error is detected, status shall be reported to the Link layer. The Transport layer shall
make a transition to the HTI1:HT_Hostldle state.

hen the Transport layer receives notification from the Link layer of an illegal state transijtion,
the Transport layer shall make a transition to the HTI1:HT_Hostldle state.

TPS2: HT_PIOOTrans1 state: This state is entered when the diregtion of th
requested PIO data transfer is from host to device.

()

hen in this state, the Transport layer shall place the FIS initial register) content into th
hadow Command Block and Shadow Control Block, the FIS byte count,(and set the Interrug
ending flag if the FIS indicates to do so.

~ D

ransition HTPS2:HTPS3: When the FIS initial register content-has been placed into th
hadow Command Block and Shadow Control Block, InterruptPending set if requested, an
the Transport layer is ready to begin transmitting the requestéd PIO Data FIS, the Transpof
yer shall make a transition to the HTPS3: HT_PIOOTrans2state.

— L (D

HTPS3: HT_PIOOTrans2 state: This state issentered when PIO data is available ip
ne PIO FIFO to be passed the Link layer.

—

Vhen in this state, the Transport layer shall wait for the Link layer to indicate that all data hajs
een transferred.

o <

prd

OTE Since the software driver or BIOS sees DRQ set and BSY cleared, it continues writing the Data registg
ijling the PIO FIFO.

=
=

—

ransition HTPS3:HTPS3: |If the ,transfer is not complete, the Transport layer shal
ansition to the HTPS3: HT_PIOOTrans2 state.

—

()

ransition HTPS3:HTPS4:«. . When the byte count for this DRQ data block is reached, th
ransport layer shall transition to the HTPS4: HT_PIOEnd state.

Transition HTPS3:HTI1: If the Transport layer receives notification from the Link layer of a
!IItegaI state transition, the Transport layer shall make a transition to the HTI1:HT_HostldI
ate.

=)

(]

the host has asserted the SRST bit by writing to the Device Control register or the DEVIC
RESET cémmand is written to the Command register, the Transport layer shall inform the Lin
layer to~'send SYNC primitives, and the Transport layer shall transition to th
HTIAHT_Hostldle state.

HTPS4HT _PIOEnd stater—This state fsenteredwhen the byte count for the DRQ data
block is reached (see 16.2.9.4).

FaulLLL

4%

When in this state, the Transport layer shall place the E_Status field from the previously
received PIO Setup FIS into the Shadow Status Register.

Transition HTPS4:HTI1: When the E_Status field for the previously received P1O Setup FIS
has been placed into the Shadow Command Block and Shadow Control Block and there were
no errors detected with the transfer, the Transport layer shall transition to the HTI1:
HT_Hostldle state.

When the E_Status field from the previously received PIO Setup FIS has been placed into the
Shadow Command Block and Shadow Control Block, the Transport layer shall transition to the
HTI1:HT_Hostldle state. For data in transfers, the Transport layer shall notify the Link layer of
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any error encountered during the transfer, and the error shall be reflected in the end of frame
handshake. If the transfer was not the final transfer for the PIO data in command, the device
shall reflect the error status by transmitting an appropriate Register FIS to the host. If the
transfer was the final transfer for the associated PIO data in command, the error condition is
not detectable. For data out transfers, errors detected by the device shall be reflected in the
end of frame handshake. The device shall reflect the error status by transmitting an

appropriate Register FIS to the host.

HTPS5: HT_PIOITrans1 state: This state is entered when the direction of the PIO

ata transfer is device to host and the previous FIS was a P1O Setup FIS

<

Vhen in this state, the Transport layer shall wait until the Link layer has begun to receive.th
IO data frame and data is available to be read by the host.

u

ransition HTPS5:HTPS6: When data is available for the host to read in the Shadow Dat
bgister, the Transport layer shall place the initial register content received inythe"PIO Setu
ame into the Shadow Command Block and Shadow Control Block and transition to th
TPS6: HT_PIOITrans2 state.

T = -

ransition HTPS5:HTI1: When the host has asserted the SRST bit.\by. writing to the Devic
ontrol register, or the DEVICE RESET command is issued, the Transport layer shall inforn

T - 0O =

T _Hostldle state.

<

Vhen the Transport layer receives notification from the Linklayer of an illegal state transitiorn
ne Transport layer shall make a transition to the HTI1:HI) _Hostldle state.

e S

ITPS6: HT_PIOITrans2 state: This state is ‘entered when PIO data is available in th
IO FIFO to be read by the host and the initial Shadow Command Block and Shadow Contrg
Block content has been set.

mul

When in this state, the Transport layer shall¥ wait for the Link layer to indicate that the dat
ansfer is complete

-

ransition HTPS6:HTPS6: Whencthe transfer is not complete, the Transport layer sha
ansition to the HTPS6: HT_PIOITrans2 state.

—

ransition HTPS6:HTPS4: ‘When the byte count for this DRQ data block is reached, th
ransport layer shall transition to the HTPS4: HT_PIOEnd state.

—

ransition HTPS6:HTIM: When the Transport layer receives notification from the Link laye
f an illegal state) transition, the Transport layer shall make a transition to th
TIM:HT_Hostldle-state.

T O

6.3.10 Host{Transport decompose a First Party DMA Setup FIS state diagram

he protocol shown in Figure 79 receives an FIS that sets up the host adapter DMA controlle
b allowthe transfer of a First Party DMA Data FIS to the host. The DMA Activate FIS will b
ansmitted as a separate DMA Activate FIS protocol following the completion of this protocol

— = ]

ne Link layer to send SYNC primitives, and the Transport layer ‘shall transition to the HTI1:

()

O O D

- D

()

()

—

()

D =
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HTDS1: HT_DS_FIS
Transport Initializes DMA
controller with content from FIS

No error detected
— HTDS1:HTI1 — HT Hostldle

Error detected, inform Link

Layer

— HTDS1:HTI1 »HT Hostldle
Hregal 1ransiiuon reporied by

Link Layer

— HTDS1:HTI1 »HT_ Hostldle

First Party DMA setup received
— HTI2:HTDS1 ————— =

Figure 79 — Host transport decompose First Party DMA Setup FIS state diagram (State
HTDS1)

HTDS1: HT_DR_FIS state: This state is entered when the Link layer, Has indicated thg
an FIS is being received and that the Transport layer has determinedithe FIS is of the Firg
Rarty DMA in request type.

When in this state, the Transport layer shall initialize the DMA controller with content from th
HIS.

Transition HTDS1:HTI1: When the DMA controller has-been initialized, the Transport layd
shall transition to the HTI1: HT_Hostldle state. This transition is made if no error is detected.

Tihe Transport layer shall transition to the HTI1:H{x\Hostldle state.

—

ransition HTDS1:HTI1: When the Transport layer receives notification from the Link laye
f an illegal state transition, the Transport layer shall make a transition to th
TIM1:HT_Hostldle state.

T O

6.3.11 Host transport decompose a BIST Activate FIS state diagram

he protocol shown in Figure 80 receives an FIS that instructs the host to enter one of severa
uilt-in Self-test modes that cause the host to retransmit the data it receives. If the mode i
upported the Host’s application layer will place both the transmit and receive portions of th
ransport, Link and/or( Physical layers into appropriate state to perform the loopbac
peration.

O v m— =

Transition HTDS1:HTI1: If an error is detected, status shall be reported to the Link layef.

— -~

—

-

()

A O O =
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HTRBISTO: HT_RcvBIST HTRBIST1: HT_BISTTrans

Determine Validity of Notify Application of desired
Mode requested BIST mode
BIST FIS received FIS status checked, no Application Notified
— HTI2HTRBISTQ —=| ©rfor and loopback valid — HTRBIST1:HTI1—#HT_Hostldle
—HTRBISTO:HTRBIST | me——

FIS status checked, no error detected and

} 1 I [ hd " ahrral
TUUPUAQCURNTTIVUT TS TITVA Ul TIUT S UP PUTITU

— HTRBISTO:HT 11— HT_Hostldle

FIS status checked, error detected
— HTRBISTO:HTI1—== HT_Hostldle

Notification of illegal transition error from
Link Layer

— HTRBISTO:HT | {==s=— HT_Hostldle

Figure 80 — Host transport decompose BIST activate FiS'state diagram (State
HTRBISTO0-HTRBIST1)

HTRBISTO: HT_RcvBIST state: This state is entered when the link layer has indicate
nat an FIS is being received and the Transport layer Ras*determined that a BIST Activate Fl
$ being received.

—

When in this state, the Transport layer shall determine the validity of the loopback request.

Transition HTRBISTO:HTRBIST1: If no-réception error is detected and the FIS content
ndicate a form of loopback request that™is supported by the host the Transport layer sha
make a transition to the HTRBIST2: HT<BISTTrans1 state.

ransition HTRBISTO:HTI1: If nexreception error is detected and the FIS contents indicate
brm of loopback request that issnot supported by the host the Transport layer shall make
ansition to the HTI1:HT_Hostldle state.

ol |

—

Transition HTRBISTO:HTHM: If a reception error is indicated the Transport layer shall mak
g transition to the HTHM<HT_Hostldle state.

Transition HTRBISTO:HTI1: When the Transport layer receives notification from the Lin
layer of an illegal state transition, the Transport layer shall make a transition to th
HTI1:HT_Hostldle state.

HTRBISTA: HT_BISTTrans1 state: This state is entered when the Transport layg
Has détermined that a valid BIST Activate FIS has been received.

UJ

[2)

V)

=

—

Having received a valid FIS, the Transport layer informs the host's application layer that

t

should place the Transport, Link and Physical layers into the appropriate modes to loop the
received data back to the transmitter. The method by which this is performed is vendor

specific.

Transition HTRBIST1:HTI1: When the host's application layer has been notified th
Transport layer shall transition to the HTI1:Hostldle state.

e
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16.4 Device transport states
16.4.1 Device transport idle state diagram

DTIO: DT_Deviceldle
Wait for FIS or FIS Request

FIS transaction completed by Transport | Transmit Register DH FIS
— Xxx:DTIO requested by App Layer
— DTI0:DTRO ———» DT_RegDHFIS

Transmit Set Device Bits FIS
regtestedby-App-tayet TransmitPIo-SetupHS—requested-byApp-tayer
DT_DB_FIS ~e—————— DTI0:DTDBO —— DTI0:DTPIOSTUPO=—DT_PIOSTUPFIS
Transmit First Party DMA Setup | Transmit DMA Activate FIS requested
FIS requested by App Layer by App Layer
DT_DMASTUPDHF IS <e— DTI0:DTDMASTUP — DTIO:-DTDMAACTO— DT_DMAACTFIS

Transmit BIST FIS requested Transmit DATA FIS requested

by App Layer 1— DTIO:DTDATAI0O — = DT \DATAIFIS
DT_XmitBIST ~<e———— DTI0:DTXBISTO —] .

Frame receipt indicated
by Link layer
DTIODTIH —]

DTI1: DT_ChkTyp
Check FIS Type

| Register Flost to Device type FIS detected

Data Hostto Device | DTM*DTCMDO — == DT_RegHDFIS
FIS detected

DT _DATAOFIS -«——DTI1:DTDATAOO0 —DMA setup FIS detected

— DTI1:DTSTPO =—#- DT_DMASTUPHDFIS
BIST activate FIS detected lllegal transition error or FIS

DT _rcvBIST —=——DTI1:DTRBISTQ\*— type not recognized

—— DTI1:DTIO w—— DT _Deviceldle

Figure 81 — Device transport idle state diagram (States DTI0-DTI1)

DTIO: DT_Deviceldle state: This state is entered when a Frame Information Structurp
(FIS) transaction hds-been completed by the Transport layer, see Figure 81.

—

When in this state; the Transport layer waits for the device’s application layer to indicate tha
gn FIS is to betransmitted or the Link layer to indicate that an FIS is being received.

[

Transition/DTI0:DTRO: When the device’s Application layer indicates that a register FIS i
tp be transmitted, the Transport layer shall make a transition to the DTRO: DT_RegDHFI

sltate.

Transition DTIO:DTDBO0: When the device’s Application layer indicates that a Set Device
Bits FIS is to be transmitted, the Transport layer shall make a transition to the
DTDBO:DT_DB_FIS state.

UJ

Transition DTI0O:DTPIOSTUPO: When the device’s Application layer indicates that a PIO
Setup FIS is to be transmitted, the Transport layer shall make a transition to the
DTPIOSTUPO: DT_PIOSTUPFIS state.

Transition DTIO:DTDMAACTO: When the device’'s Application layer indicates that a DMA
Activate FIS is to be transmitted, the Transport layer shall make a transition to the
DTDMAACTO: DT_DMAACTFIS state.
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Transition DTIO:DTDMASTUPO: When the device’s Application layer indicates that a First
Party DMA Setup FIS is to be transmitted, the Transport layer shall make a transition to the

DTDMASTUPO: DT_DMASTUPDHFIS state.

Transition DTIO:DTDATAIO: When the device’s Application layer indicates that a Data FIS
is to be transmitted, the Transport layer shall make a transition to the DTDATAIO:

DT_DATAIFIS state.

Transition DTI0O:DTXBIST1: When the device’s Application layer indicates that a BIST
Activate FIS is to be transmitted, the Transport layer shall make a transition to the

TXBISTT:DI XmitBIS T state.

ransition DTIO:DTI1: When the Link layer indicates that an FIS is being received; th
ransport layer shall make a transition to the DTI1: DT_ChkTyp state.

TI1: DT_ChkTyp state: This state is entered when the Transport layer is¥idle and Lin
yer indicates that an FIS is being received, see Figure 81.

When in this state, the Transport layer checks the FIS type of the incoming FIS.

Transition DTI1:DTCMDO0: When the incoming FIS is a Register ~Host to Device FIS typs
the Transport layer shall make a transition to the DTCMDO0: DT_RegHDFIS state.

Transition DTI1:DTDATAOO0: When the incoming FIS is a Data - Host to Device FIS typsg
the Transport layer shall make a transition to the DTDATAQQO: DT_DATAOQOFIS state.

ransition DTI1:DTSTP0: When the incoming FIS issa“First Party DMA Setup FIS type, th
ransport layer shall make a transition to the DTSTRO:DT_ DMASTUPHDFIS state.

1
T
Transition DTI1:DTRBIST1: When the incoming FIS is a BIST Activate FIS type, th
Transport layer shall make a transition to the DTRBIST1:DT Rcv BIST state.

Transition DTI1:DTI0: When the Transpart layer receives notification from the Link layer g

—

ansition to the DTI0: DT_Deviceldlelstate.

6.4.2 Device Transport send Register, Device to Host state diagram

bgister content and sends)it to the host when the device’s Application layer requests th

1
Tlhe protocol shown in Figure. 82 builds a Register - Device to Host FIS that contains th
r
transmission.

DTRO: DT_RegDHFIS DTR1: DT_TransStatus
Construct Register DH FIS Wait for Link & Phy Ending
and notify Link to transfer Status and check results
Applieation requests Register | FIS transfer complete,
DH_EIS Transmission Notify Link Stalus checked, no error
—~DTI0DTRO ==t — DTRO:DTR1 #— DTR1:DTI0 — DT_Deviceldle

an illegal state transition or the FIS typeis not recognized, the Transport layer shall make g

(OB

(42

=

]

[

=

Status checked and error
detected. Notify Link and retry

~—— DTR1:DTRO —

lllegal transition error
detected by Link
—— DTRO:DTI0 —== DT _Deviceldle

Figure 82 — Device transport send register — Device to host state diagram (DTR0-DTR1)

DTRO: DT_RegDHFIS state: This state is entered the Application requests the

transmission of a Register - Device to Host FIS.
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When in this state, the Transport layer shall construct a Register - Device to Host FIS, notify
the Link layer that the FIS is to be transmitted, and pass the FIS to the Link layer.

Transition DTRO0:DTR1: When the entire FIS has been passed to the Link layer, the
Transport layer shall indicate to the Link layer that the FIS transmission is complete and make
a transition to the DTR1: DT_TransStatus state.

Transition DTRO:DTI0O: When the Transport layer receives notification from the Link layer of
an illegal state transition, the Transport layer shall make a transition to the DTIO:
DT_Deviceldle state.

DTR1: DT _TransStatus state: This state is entered when the entire FIS has beep
passed to the Link layer.

When in this state, the Transport layer shall wait for the Link and Phy ending status for the
HIS and take appropriate error handling action if required.

Transition DTR1:DTI0: When the FIS status has been handled and no éfror detected, the
Tiransport layer shall transition to the DTI0: DT_Deviceldle state.

]

Transition DTR1:DTRO: When the FIS status has been handled, and an error detected, th
Transport layer shall report status to the Link layer, and retry this“transfer by transitioning t
the DTRO: DT_RegDHFIS state.

O

16.4.3 Device Transport send Set Device Bits FIS state diagram

The protocol shown in Figure 83 sends a Set Device Bits 'FIS to the host adapter when the
device’s Application layer requests the transmission,

DTDBO: DT_DB_FIS DTDB1: DT_TransStatus
Inform Link to Transmit Set Check Link & Phy
Device Bit FIS Transmission Results

Application Layer requests FIS transfag complete Status checked, no error

Set Device Bits FIS ransmit — DTDBO:BTDB1 ————————

—DTI0:DTDB0 ————— DTDB1:DTI0 —=— DT_Deviceldle

Status checked and error —
detected. Notify Link and retry

—— DTDB1:DTDB0 —

Figure 83 — Device transport send set device bits FIS state diagram (DTDB0-DTDB1)

—

DTDBO:DT>DB_FIS state: This state is entered when the device's Application layg
bquestsithe transmission of a Set Device Bits FIS.

—

=

Wheh in this state, the Transport layer shall construct a Set Device Bits FIS, notify the Lin
ayep that the FIS is to be transmitted, and pass the FIS to the Link layer.

Transition DTDB0:DTDB1: When the entire FIS has been passed to the Link layer, the
Transport layer shall indicate to the Link layer that the FIS transmission is complete and make
a transition to the DTDB1:DT_TransStatus state.

DTDB1:DT_TransStatus state: This state is entered when the entire FIS has been
passed to the Link layer.

When in this state, the Transport layer shall wait for the Link and Phy ending status for the
FIS and take appropriate error handling action if required.

Transition DTDB1:DTIO0: When the FIS status has been handled and no error detected,
the Transport layer shall transition to the DTI0:DT_Deviceldle state.
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Transition DTDB1:DTDBO: When the FIS status has been handled and an error
detected, the Transport layer shall report status to the Link layer and retry this transfer by
transitioning to the DTDBO0:DT_DB_FIS state.

16.4.4 Device Transport transmit PIO Setup, Device to Host FIS state diagram

The protocol shown in Figure 84 transmits a PIO Setup - Device to Host FIS to the host.
Following this PIO Setup frame, a single data frame containing PIO data shall be transmitted
or received depending on the state of the D bit in the PIO Setup frame.

DTPIOSTUPO: DT_PIOSTUPFIS DTPIOSTUP1: DT_TransStatus
Construct P1O Setup FIS and Notify Wait for Link & Phy Ending Status
Link to Transfer and check results

L FIS transfer complete,
Application Requests PIO Notify Link

Setup FIS Transmission - DTPIOSTUPO:DTPIOST UP 1—==—|Status checked, no error,

— DTIM:DTPIOSTUPQ —— — DTPIOSTUP1:DTIO—= DT Deviceldl
Status checked and error -

detected. Notify Link and retry
~*—DTPIOSTUP1:DTPIOSTUP —

[

lllegal transition error
detected by Link
—— DTPIOSTUP1:DTI0 —®=DT_Deviceldle

Figure 84 — Device transport transmit PIO setup-~ Device to Host FIS state diagram
(States DTPIOSTUPO<DTPIOSTUP1)

DTPIOSTUPO: DT_PIOSTUPFIS state:* This state is entered the device’s Applicatio
ayer requests the transmission of a PIO Setup - Device to Host FIS.

=)

When in this state, the Transport layer shall construct a PIO Setup - Device to Host FIS, notifly
ne Link layer that the FIS is to be tnansmitted and pass the FIS to the Link layer.

—

Transition DTPIOSTUPO:DTPIOSTUP1: When the entire FIS has been passed to the Lin
jyer, the Transport layer shallindicate to the Link layer that the FIS transmission is complet
nd make a transition to the)DTPIOSTUP1: DT_TransStatus state.

=

[

Transition DTPIOSTUPRO0:DTIO: When the Transport layer receives notification from the Link
yer of an illegal.state transition, the Transport layer shall make a transition to the DTIQ:
T_Deviceldle state.

TPIOSTUP1: DT_TransStatus state: This state is entered when the entire FIS hals
een pasSed to the Link layer.

hen \in this state, the Transport layer shall wait for the Link and Phy ending status for th
IS-and take appropriate error handling action if required.

[

Transition DTPIOSTUP1:DTIO: When the FIS status has been handled and no error
detected, the Transport layer shall transition to the DTI0: DT_Deviceldle state.

Transition DTPIOSTUP1:2: When the FIS status has been handled and an error detected,
the Transport layer shall report status to the Link layer and retry this transfer by transitioning
to the DTPIOSTUPO: DT_PIOSTUPFIS state.

16.4.5 Device Transport transmit DMA Activate FIS state diagram

The protocol shown in Figure 85 transmits a DMA Activate FIS to the host adapter. Following
this DMA Activate frame, a data frame of DMA data shall be sent from the host to the device.
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DTDMAACTO: DT_DMAACTFIS DTDMAACT1: DT_TransStatus
Construct DMA Activate FIS Wait for Link & Phy Ending
and Notify Link to Transfer Status and check results
Application Requests DMA E‘Lstiftraﬂszer complete,
Activate FIS Transmission | nt DI\)I/AACTO:DTDMAACT1 o | Status checked, no error .
— DTI:DTDMAACTO — = —DTDMAACT 1:DT| —s=DT_Deviceldle

Status checked and error
detected. Notify Link and retry

r«—DTDMAACT1:DTDMAACT —

lllegal transition error
detected by Link
+—DTPIOSTUP1:DTI0 =—==DT_Deviceldle

Figure 85 — Device transport transmit DMA activate FIS state diagram (States
DTDMAACTO0-DTDMAACT1)

DPTDMAACTO: DT_DMAACTFIS state: This state is entered the Application request
he transmission of a DMA Activate FIS.

el o

When in this state, the Transport layer shall constructta DMA Activate FIS, notify the Lin
ayer that the FIS is to be transmitted and pass the FIS\to the Link layer.

Transition DTDMAACTO0:DTDMAACT11: When.the entire FIS has been passed to the Lin
ijer, the Transport layer shall indicate to the Link layer that the FIS transmission is complet
nd make a transition to the DTDMAACT1: DJX TransStatus state.

Transition DTDMAACTO0:DTIO: When the Transport layer receives notification from the Lin

T_Deviceldle state.

TDMAACT1: DT_TransStatus state: This state is entered is when the entire FI
as been passed to the Linkilayer.

hen in this state, the Transport layer shall wait for the Link and Phy ending status for th
IS and take appropriate error handling action if required.

ransition DTDMAACT1:DTIO: When the FIS status has been handled and no errg
etected, theAransport layer shall transition to the DTIO: DT_Deviceldle state.

ransition\DTDMAACT1:DTDMAACTO0: When the FIS status has been handled and a
rror detected, the Transport layer shall report status to the Link layer and retry this transfg
y transitioning to the DTDMAACTO: DT_DMAACTFIS state.

=

layer of an illegal state transition, the“Transport layer shall make a transition to the DTIQ:

=

=

-

diagram

The protocol shown in Figure 86 transmits a First Party DMA Setup - Device to Host FIS to
the host adapter. This FIS is a request by the device for the host adapter to program the DMA
controller for a First Party DMA transfer and is followed by one or more Data FISes that
transfer the data to or from the host adapter depending on the direction of the transfer. The
First Party DMA Setup - Device to Host request includes the transfer direction indicator, the

host buffer identifier, the host buffer offset, the byte count and the interrupt flag.
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DTDMASTUPO: DT_DMASTUPDHFIS DTDMASTUP1: DT_TransStatus
Construct First party DMA Setup Wait for Link & Phy Ending
FIS and Notify Link to Transfer Status and check results
Application Requests First FIS transfer complete,
Party DMA Setup FIS Notify Link Status checked, no error

issi - DTDMASTUPO:DTDMASTUP1 == .
Transmission L DTDMASTUP1:DTI0—=—DT_Deviceldle

—DTN:DTDMASTUPO —| status checked and error
detected. Notify Link and retry

T=—DTDMASTUP1:.DTDMASTUPO —

lllegal transition error
detected by Link
+— DTDMASTUP0:DTI0 —#=DT_Deviceldle

Figure 86 — Device transport transmit First Party DMA setup < Device to Host state
diagram (States DTDMASTUPO-DTDMASTUP1)

DTDMASTUPO: DT_DMASTUPDHFIS state: This “state is entered when the
Application requests the transmission of a First Party DMA"Setup - Device to Host FIS.

A O

When in this state, the Transport layer shall construgt.a First Party DMA Setup - Device t
Host FIS, notify the Link layer that the FIS is to be*transmitted and pass the FIS to the Lin
layer.

=

Transition DTDMASTUPO:DTDMASTUP1: When the entire FIS has been passed to the Lin
layer, the Transport layer shall indicate to th€’ Link layer that the FIS transmission is complet
gnd make a transition to the DTDMASTUP1T: DT_TransStatus state.

]

ransition DTIDMASTUPO:DTIO: . When the Transport layer receives notification from the
ink layer of an illegal state transition, the Transport layer shall make a transition to the DTIQ:
)T Deviceldle state.

UJ

TPDMASTUP1: DT (TransStatus state: This state is entered when the entire FI
as been passed to the Link layer.

hen in this state,“the Transport layer shall wait for the Link and Phy ending status for the
HIS and take appropriate error handling action if required.

ransition DTDMASTUP1:DTIO: When the FIS status has been handled and no errdr
detected,the Transport layer shall transition to the DTI0: DT_Deviceldle state.

ransition DTDMASTUP1:DTDMASTUPO: When the FIS status has been handled and ap
arror detected, the Transport layer shall report status to the Link layer and retry this transfgr

hao ) [ ANA »

16.4.7 Device Transport transmit Data, Device to Host FIS diagram
The protocol shown in Figure 87 builds a Data - Device to Host FIS.
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DTDATAIO: DT_DATAIFIS
Construct Data - Device to Host
FIS and notify Link to transfer

Application requests Data — Device | Data in FIFO fo be passed to
to Host FIS transmission Link Layer

—DTI1:DTDATAIQ === DTDATAIO:DTDATAI1

DTDATAI: DT_DATAITrans
Pass a Dword of data from

FIFOtotnk Laycel j

DTDATAI2: DT_DATAIEnd

Dword available, Wait for Link & Phy end |ng
transfer not complete status and check results
DTDATAI1: —— Transfer complete Status checked. No'Errors
DTDATAI1 . ’
— DTDATAI:DTDATAIZ ———_pTpDATAI2:DTI0 L— DT_ Deviceldle

= Application Layer requests
DMA Abort

—— DTDATAI1:DTDATAI2 e——

Status checkeéd, error detected,
Report-to.Link Layer

—DTDATAI2:DTI0 — DT_ Deviceldle
lllegal transition error

detected by Link Application Aborted transaction, reporf
—DTDATAI:DTI0O —=DT_ Deviceldle termination to Link Layer, Wait for EOF,
No Errors

—DTDATAI2:DTIO —= DT_ Devicelgdle

Application Aborted transaction, report
termination to Link Layer, Wait for EO
Error detected, report error to Link Layer

—DTDATAI2:DTI0 —= DT_ Devicelflle
lllegal transition error
detected by Link

—DTDATAI:DTI0O == DT_ Deviceldlg

P

Figure 87 — Device transport transmit data — Device to Host FIS diagram (State
DTDATAIO-DTDATAI2)

DTDATAIO;-DT_DATAFIS state: This state is entered when the device’s Applicatio
layer has reguested the transmission of a Data - Device to Host FIS.

=}

hen in:this state the Transport layer shall pass DMA data to the Link layer.

When ready and there is data to be passed to the Lin

A A m N ATA ane—atata

DTDATAI1: DT_DATAITrans state: This state is entered when data is available to be
passed the Link layer.

When in this state, the Transport layer shall pass a DWORD of data to the Link layer.

Transition DTDATAI1:DTDATAI1: If the transfer is not complete, the Transport layer shall
transition to the DTDATAI1: DT_DATAITrans state.

Transition DTDATAI1:DTDATAI2: When the transfer is complete, the Transport layer shall
transition to the DTDATAI2: DT_DATAIENd state.
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When the device’s Application layer requests that a DMA operation is to be aborted, the
Transport Layer shall transition to the DTDATAI2:DT_DATAIEnd state.

Transition DTDATAIM1:DTI0: When the Transport layer receives notification from the Link
layer of an illegal state transition, the Transport layer shall make a transition to the DTIO:
DT_Deviceldle state.

DTDATAI2: DT_DATAIENnd state: This state is entered when the data transfer is
complete or an abort has been requested by the application layer.

hen in this state, the Transport layer shall wait for the Link and Phy ending status for the
IS and take appropriate error handling action if required.

ransition DTDATAI2:DTI0O: When the FIS status has been handled and no error-detected,
the Transport layer shall transition to the DTI1: DT_Deviceldle state.

9

hen the FIS status has been handled and an error detected, status shall be_reported to th
ink layer. The Transport layer shall transition to the DTI0: DT_Deviceldle state.

—

hen the device’s application layer requests the termination of a DMA¢data in transaction,
ill report the abort condition to the Link, terminate the FIS normally-with good CRC, and if n
rror is detected, make a transition to the DTIO:DT_Deviceldle state;This transition is optiona
response to a DMAT reception. Use of DMAT is not recommended, see 15.4.6.

= O

When the device’s application layer requests the termination of a DMA data in transaction,
will report the abort condition to the Link, terminate the FIS/normally with good CRC and if a
drror is detected, report the error to the Link layer, and make a transition to th
C
O

=0 o =

TI0:DT_Deviceldle state. This transition is optionakio-response to a DMAT reception. Use ¢
MAT is not recommended, see 15.4.6.

When the Transport layer receives notification.from the Link layer of an illegal state transition,
the Transport layer shall make a transition t¢’the DTI0: DT_Deviceldle state.

6.4.8 Device Transport transmit BIST Activate FIS diagram

1

Tlhe protocol shown in Figure 88 -builds a BIST Activate FIS that tells the host to prepare tp
gnter the appropriate Built-in Self’ Test mode. After successful transmission, the device
Transport layer enters the  idle state. The application layer, upon detecting successful
transmission to the host shallithen cause the device’s Transport layer, Link layer and Physical
layer to enter the appropriate mode for the transmission of the built-in test data defined by the
HIS. The means by which the Transport, Link and Physical layers are placed into self-tegt
mode are not defined\by this standard.
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DTXBISTO: DT_XmitBIST DTXBIST1: DT_TransBISTStatus
Construct BIST Activate FIS and Wait for Link & Phy Ending
Notify Link to Transfer Status and check results

FIS transfer complete,
Notify Link
— DTXBISTO:DTXBIST1 ——®

Status checked, no error

Application Requests BIST |
L DTDMASTUP1:DTI0—#—DT_Deviceldle

Activate FIS Transmission

— DTIO:DTXBISTO Status checked and error

detected. Notify Link and retry
r«+—DTDMASTUP1:DTXBISTO —]

lllegal transition error
detected by Link
+—— DTXBISTO:DTI0 =—=DT_Deviceldle

Figure 88 — Device transport transmit BIST activate FIS diagram (States DTXBISTO-
DTXBIST1)

DTXBISTO: DT_XmitBIST state: This state is entered tosend a BIST FIS to the host.

-]

ransition DTXBIST0:DTXBIST1: When the entire FIS;has been passed to the Link layef
ne Transport layer shall indicate to the Link layer that the FIS transmission is complete and
hake a transition to the DTXBIST1:DT_TransBISTSTatus state.

- —+

Transition DTXBIST1:DTI0O: When the Transport layer receives notification from the Link
layer of an illegal state transition, the Transport layer shall make a transition to the DTIQ:
OT _Deviceldle state.

UJ

DTXBIST1: DT_TransBISTStatus state: This state is entered when the entire FI
has been passed to the Link layer.

—

ransition DTXBIST1:DTI0: When the FIS transmission is completed and no errors havp
een detected, the Transporttiayer shall transition to the DTI0: DT_Deviceldle state.

O

ransition DTXBIST1:DTXBIST0: When the FIS transmission is completed and at least on
rror is detected, the Fransport layer shall transition to the DTXBISTO: DT_XmitBIST state.

()

D =
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16.4.9 Device Transport decompose Register, Host to Device state diagram

The protocol shown in Figure 89 receives a Register - Host to Device FIS, places received
register content into the device registers, and notifies the device’s Application layer of the FIS
receipt.

DTCMDO: DT_RegHDFIS
Receive Register - Host to Device FIS
and put contents into device registers

Register —Host to Device FIS
type detected

— DTN:DTCMDQ ——

FIS transfer complete, no errors, put FIS contents
into device registers, notify application

— DTCMDO:DTIO =m———= DT_Deviceldle

FIS transfer complete, error detected,

notify Link Layer
— DTCMDO:DTI0 ——= DT_Deviceldle

lllegal transition error detected by Lirk
— DTCMDO0:DTI0 ——= DT.sDeviceldle

Figure 89 — Device transport decompose register — Host toDevice state diagram (State
DTCMDO)

I

DPTCMDO: DT_RegHDFIS state: This state is)‘entered when the receipt of g
T _RegHDFISFIS is recognized.

cl

<

UJ

Vhen in this state, the Transport layer shall receivge,the FIS and place the contents of the Fl
to the device registers when it is determined that'the FIS was received without error.

-

ransition DTCMDO:DTIO: When the enfire FIS has been received from the Link laye
ithout error, the Transport layer shall™indicate to the device’'s Application layer that
ommand FIS was received and make atransition to the DTI0: DT_Deviceldle state.

V)

[®N

ransition DTCMDO0:DTIO: Whenithe entire FIS has been received from the Link layer an
n error has been detected, status shall be sent to the Link layer. The Transport layer sha|
ake a transition to the DTIOtDT_Deviceldle state.

ransition DTCMDO:DTI0:” When the Transport layer receives notification from the Link
yer of an illegal state.transition, the Transport layer shall make a transition to the DTIQ:
T_Deviceldle state.

| o vl
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16.4.10 Device Transport decompose Data (Host to Device) FIS state diagram
The protocol shown in Figure 90 receives a Data - Host to Device FIS.

DTDATAOO: DT_DATAOFIS
Receive Data — Host to Device FIS
and prepare to receive data

Link indicates that Data — Host to Ready to receive data
Device FIS being received

— PFH-BTFRATACS — DTDATAOQ:DTDATAO1

DTDATAO1: DT_DATAOREC
Put received data DWORD into

data FIFO j

DTDATAO2: DT_DeviceAbort

Transfer not complete | Abort transfer requested Signal Link Layer to,Abort
by Application transmission
DTDATAOT: | DTDATAO1:DTDATAO2
DTDATAO1 Transfer complete
Transfer not complete — DTDATAO2:DTIO —=DT Devjceldle
> - DTDATAOZ:DTDATAO1_

Transfer complete
— DTDATAO1:DTI0O— DT_Device Ildle

lllegal transition error detected by Link
— DTDATAO1:DTIO— DT\ Device Idle

Figure 90 — Device transport decompose data (host to device) FIS state diagram (States
DTDATAOO0-DTDATAO2)

DTDATAOO: DT_DATAOFIS state: This state is entered when the Link layer ha

dicated that an FIS is beingwreceived and that the Transport layer has determined the FIS i
f Data - Host to Device type.

D

[

hen in this state, the-Transport layer shall prepare to receive the data.

ransition DTDATAOO0:DTDATAO1: When ready to receive the data, the Transport laye
hall make a transition to the DTDATAO1: DT_DATAOREC state.

—

TDATAO"T: DT_DATAOREC state: This state is entered when the Transport layer is
ready toreceive the data.
hén.in this state, the Transport layer shall wait for the Link layer to indicate the transfer is

mplete.

Transition DTDATAO1:DTDATAO1: When Link layer has not indicated that the end of the
FIS has been reached, the Transport layer shall transition to the DTDATAO1: DT_DATAOREC
state.

Transition DTDATAO1:DTI0: When the Link layer indicates that the end of the FIS has
been reached, the Transport layer shall transition to the DTIO: DT_Deviceldle state.

When the Transport layer receives notification from the Link layer of an illegal state transition,
the Transport layer shall make a transition to the DTI0: DT_Deviceldle state.

Transition DTDATAO1:DTDATAO2: When the device’s Application layer indicates that the
FIS is to be aborted, the Transport layer shall transition to the DTDATAOZ2: DT_DeviceAbort
state.
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DTDATAO2: DT_DeviceAbort state: This state is entered when the device’s
application layer indicates that the current transfer is to be aborted. (Use of DMAT is not
recommended, see 15.4.6.)

When in this state, the Transport layer shall signal the Link layer to transmit DMAT primitive
and return to either DT_DATAOREC or if the abort occurs coincident with an end of transfer
indication from the Link, then transition to DTIO: DT_Deviceldle. After signalling the Link Layer
to transmit DMAT, the Transport returns to normal data transfer and awaits the end of transfer
indication from the Link.

ransition DTDATAO2:DTDATAO1: Inform Link layer to issue an abort. When Transfer.ifs
ot complete, the Transport layer shall transition to the DTDATAO1: DT_DATAOREC state.

ransition DTDATAO2:DTIO: Inform Link layer to issue an abort. When the Link laye
dicates that the end of the FIS has been reached, the Transport layer shall trapsition to th
OTIO: DT_Deviceldle state.

—

142

16.4.11 Device Transport decompose First Party DMA Setup FIS, Host to,Device or
Device to Host state diagram

—
oD

he protocol shown in Figure 91 receives a First Party DMA Setup --Host to Device or Devic
b Host FIS, passes received First Party DMA Setup content, and notification of FIS receipt t
ne Application layer.

—
O

—

DTSTPO0: DT_DMASTUPHDEFIS
Receive a DMA Setup FIS and_ notify
Application Layer,

FIS transfer complete, no errors,

DMA setup FIS detected notify Application Layer

—— DTI1:DTSTPO G DTSTPO:DTIO —= DT_Deviceldle

FIS transfer complete, error
detected, notify Link Layer

L DTSTPO:DTI0 — == DT _Deviceldle

Link layer indicates illegal
state transition

L DTSTPO:DTI0 —= DT_Deviceldle

Figure 91 = Device transport decompose First Party DMA Setup FIS — Host to Device o1
device to host state diagram (State DTDMASTUPO)

DTSTPO: DT_DMASTUPHDFIS state: This state is entered when the receipt of p
OT-DMASTUP FIS is recognized.

Transition DTSTPO0:DTI0O: When the entire FIS has been received from the Link layer
without error, the Transport layer shall indicate to the device’s Application layer that a First
Party DMA Setup FIS was received and make a transition to the DTIO: DT_Deviceldle state.

When the entire FIS has been received from the Link layer and an error has been detected,
status shall be sent to the link layer. The Transport layer shall make a transition to the DTIO:
DT_Deviceldle state.

When the Transport layer receives notification from the Link layer of an illegal state transition,
the Transport layer shall make a transition to the DTI10: DT_Deviceldle state.
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16.4.12 Device Transport decompose a BIST Activate FIS state diagram

The protocol shown in Figure 92 receives an FIS that instructs the device to enter one of
several Built-in Self-test modes that cause the device to retransmit the data it receives. If the
mode is supported the Device’s application layer will place both the transmit and receive
portions of the Transport, Link and/or Physical layers into appropriate state to perform the
loopback operation.

DTRBISTO0: DT_RcvBIST
Check Loopback Mode
Requested

Status checked, no error, Application layer notified
loopback mode supported PP Y

BIST Activate FIS to enter designated
—DTXBISTO:DTRBIST1 —————
receipt indicated BIST mode.

—__DTIO:DTRBISTO |l DTRBIST1:DTI0 = DI/Deviceldle

DTRBIST1: DT_BISTTrans1

Natifi A nnlicatianlavar
™NOUTY 7 ypPprrcor Ot y S

Status checked, no error
loopback not supported

— DTRBISTO:DTIO— DT_Deviceldle

Status checked, reception ermror
— DTRBISTO:DTIO—— DT_Deviceldle

Notification of illegal transition
error from Link

— DTRBISTO:DTI0— DT_DeVviceldle

Higure 92 — Device transport decompose BIST activate FIS (States DTRBIST0-DTRBIST1)

DTRBISTO0: DT_RcvBIST state:This state is entered when the Link layer ha
ndicated that an FIS is being recejved and the Transport layer has determined that a BIS
Activate FIS is being received.

— @

When in this state, the Transport layer shall determine the validity of the loopback request.

Transition DTRBISTO0:DTRBIST1: If no reception error is detected and the FIS content
indicate a form of logpback request that is supported by the host the Transport layer shal
ake a transition to'the DTRBIST1: DT_BISTTrans1 state.

[2)

ransition DTRBIST0:DTI12: If no reception error is detected and the FIS contents indicat
form of loopback request that is not supported by the host the Transport layer shall make
transition to\the DTI1:DT_Deviceldle state.

S D

ransition DTRBISTO0:DTIO: If a reception error is indicated the Transport layer shall make
transition to the DTI1:DT_Deviceldle state.

Transition DTRBISTO0:DTI1: When the Transport layer receives notification from the Link
layer of an illegal state transition, the Transport layer shall make a transition to the DTIO:
DT _Deviceldle state.

DTRBIST1: DT_BISTTrans1 state: This state is entered when the Transport layer
has determined that a valid BIST Activate FIS has been received.

Having received a valid FIS, the Transport layer informs the device’s application layer that it
should place the Transport, Link and Physical layers into the appropriate modes to loop the
received data back to the transmitter. The method by which this is performed is vendor
specific.
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Transition DTRBIST1:DTI0: When the device’s Application layer has been notified the
Transport layer shall transition to the DTI0:DT_Deviceldle state.

17 Serial interface Device Command Layer Protocol

17.1 COMRESET or SRST sent by Host

In the following Device Command Layer Protocols, if the host sends COMRESET before the
device has completed executing a command layer protocol, then the device shall immediately
start executing the COMRESET protocol from the beginning. If the host asserts SRST in the
evice Control rngiefﬂr hefore the device has nnmplnfnd nvnr\llfing a2 command Inynr prnfnr\n
then the device shall immediately start executing its software reset protocol from (th
Heginning.

D <

17.2 Power-on and COMRESET protocol diagram

the host asserts Hard Reset by transmiting a COMRESET Sequence the)>device sha|
xecute the hardware reset protocol regardless of the power managemeni\. mode or thge
durrent device command layer state.

(0]

DHRO: Hardware_reset_asserted
Wait for RESET Negation

Hardware reset asserted Hardware reset negated
xx: DHRO ——»— DHRO:DHR1

DHR1: Execute_diagnostics
Initialize HW and execute Power-
up Diagnostics

DHR2: Send_good_status
Notify Transport to send

Initialization and diagnostics Register FIS
completed successfully
— DHR1:DHR2 Register DH FIS transmitted with

success signature in Registers
— DHR2:DI0 —= Device_idle

DHR3: Send_bad_status
Notify Transport to send

Initialization and Register FIS
diagnostics failed -_—
F~"DHR1:DHR3 ol Register DH FIS trans mitted with

fail signature in registers

— DHR3:DI0 —® Device_idle

Figure 93— Power on and COMRESET protocol (States DHRO-DHR3)

DHRO: Hardware_reset_asserted: This state is entered when the Transport layer
indicates that the COMRESET signal is asserted, see Figure 93.

When in this state, the device awaits the negation of the COMRESET signal.

Transition DHRO:DHR1: When the Transport layer indicates that the COMRESET signal
has been negated, the device shall transition to the DHR1: Execute_diagnostics state.

DHR1: Execute_diagnostics: This state is entered when the Transport layer indicates
that the COMRESET signal has been negated, see Figure 93.
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When in this state, the device initializes the device hardware and executes its power-up
diagnostics.

Transition DHR1:DHR2: When the device hardware has been initialized and the power-up
diagnostics successfully completed, the device shall transition to the DHR2:
Send_good_status state.

Transition DHR1:DHR3: When the device hardware has been initialized and the power-up
diagnostics failed, the device shall transition to the DHR3: Send_bad_status state.

ARZ. oend_good_status: This state is entered when the device hardware has been
initialized and the power-up diagnostics successfully completed, see Figure 93.

hen in this state, the device requests that the Transport layer transmit a Register £1S7to th
ost. The device signature shall be set in the registers as defined in Clause 5 ¢
ISO/IEC 24739-1:20009.

— D

ransition DHR2:DI0: When the Transport layer indicates that the Register FIS has beep
tfansmitted, the device shall transition to the DIO: Device_Idle state.

HR3: Send_bad_status: This state is entered when the dévice hardware has beep
initialized and the power-up diagnostics failed, see Figure 93.

Vhen in this state, the device requests that the Transport layertransmit a Register FIS to th
ost. The device signature shall be set in the registers as defined in Clause 5 ¢
5O/IEC 24739-1:2009 .

0 <
— D

=}

Transition DHR3:DI0: When the Transport layer indicates that the Register FIS has bee
tfansmitted, the device shall transition to the DIO: Device Idle state.
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17.3 Device Ildle protocol

The state diagram below, see Figure 94, describes the idle protocol for a device. States and
transitions preceded by an * are utilized only when queuing is implemented (see Clause 4).

DI0: Device_idle *Dl4: Set_service
Wait for Command, Data, or Request Set Device Bits
Buffer Space FIS with SERV=1
*Ready to service released command -]

(Command, or Soft — DIO:DI4 -
Reset—ot ElS transmission r‘nmplnfn
COMRESET) protocol DI4DI0 —
complete, or (Queued |
Command Released) \

xx: DI —p»]
DI1: CheckFIS

Check the FIS Type

FIS receipt Unexpected FIS or First
— DIO: DI1 =——={ Party DMA Setup
—DI1:DI0
Register FIS, C=0, SRST=0

DI2: Check_command

Determine Command — DI11:DIO
Protocol Register FIS, C=0, SRST=1
Register FIS, C=1 [—DI1:DSR0 —————<= Software_reset_asserted

DI1:DI2 — DI3:No_command

Send Register DH FIS w/ABRT

Command not implemented FIS transmission complete /
—DI3:DI0

DI2.DI3

*DI6: Service_send_tag
Request Register DH FIS with
(BSY=0, DRQ=1, and SC=Tag)

*DI5: Service_test
Determine if Register-DH
FIS needed for DRA_& Tag

*SERVICE ——
—DI2:DI5 ——— =} NOt PACKET PIO FIS transmission complete
= DI5:DI6 »1— DI6:DI7
PACKET PIO
Non-data — DIS:DI7
— DI2:DNDO —=\Non-data *DI7: Service_decode
P10 data-in Determine Service Type
— DI2:DPIQI0.=—= PIO_in —
PIO dajadut PACKET PIO data-in
—DIZDPIOO0— PIO_out —DI7:DP4 —=— PACKET_PIO_in
READ DMA -
_ _ PACKET PIO data-out
y12DDMAI0 DMA-in —DI7:DP6 —#= PACKET_PIO_out
WRITE DMA ] -~
L DI2:DDMAOO —» DMA out PACKET DMA data-in
- — . ~—— i
ACKET DI7:DP9 —==— PACKET DMA _in

Pl PPo—m=PACKEF—— - RAGKEF DMA-data-out
—DI7:DP11—=—PACKET_DMA_out

READ DMA QUEUED

— DI22DDMAQIO —#=DMA_queued-in READ DMA QUEUED
WRITE DMA QUEUED — DI7:DDMAQI1-=Send_data

— - —

o000 ot gk |urare o veves

| D12:DEDDO = Execute, device. diag ~ DI7:DDMAQO1==—Send_DMA _Activate
DEVICE RESET

— DI2.DDR0—™ Device_reset

Figure 94 — Device idle protocol (States DI0-DI7)
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DIO: Device_ldle: This state is entered when the device has completed the execution of
a command protocol, a COMRESET protocol, a software reset protocol, or a queued
command has been released.

When in this state, the device is awaiting a command. If queuing is supported, the device may
be waiting to acquire data or establish buffer space to complete a queued command.

Transition DI0:DI1: When the device receives an FIS from the Transport layer, the device
shall transition to the DI1: Check FIS state.

[®N

*[Transition DI0:DI4: When the device is ready to complete the data transfer for a queue
mmand, the device shall transition to the DI4: Set_service state.

I1: Check_FIS state: This state is entered when the device receives an FIS frém th
ransport layer.

[

hen in this state, the device shall check the FIS type.

[®N

ransition DI1:DSRO0: If the FIS type is a Register FIS, the C bit in thé FIS is cleared, an
the SRST bit in the FIS is set, the device shall transition to the DSR(Q:
oftware_reset_asserted state.

ransition DI1:DI0: If the FIS type is a Register FIS, the C bitin the FIS is cleared, and the
RST bit in the FIS is cleared, the device shall transition to the-DI0: Device_idle state.

ransition DI1:DI2: If the FIS type is a Register FIS/and the C bit in the FIS is set, thp
evice shall transition to the DI2: Check_command state.

-]

ransition DI1:DI0: If the FIS type is a First Party DMA Setup FIS, the device shall inforr
ne Transport layer of the reception of the First\Party DMA Setup FIS and transition to the
010: Device_idle state.

—
=]

Transition DI1:DI0: For any other FIS,~the device shall transition to the DIO: Device_idl
state.

[

—

DI2: Check_command state:~ This state is entered when the device recognizes thg
the received Register FIS contains’a new command.

NOTE This state shows transitions\for all commands. If a device does not implement any particular command, thegn
tlansition DI12:11 to state DI3:No~eommand shall be made.

hen in this state, the ‘device shall check the command protocol required by the receivefd

ransition DI2:DNDO: When the received command is a non-data transfer command, th

42

Transition DI2:DDMAIO: When the received command is a READ DMA command, the
device shall transition to the DDMAIO: DMA _in state.

Transition DI2:DDMAOO: When the received command is a WRITE DMA command, the
device shall transition to the DDMAOO: DMA_out state.

Transition DI2:DP0: When the received command is a PACKET command, the device shall
transition to the DP0O: PACKET state.

Transition DI2:DDMAQIO: When the received command is a READ DMA QUEUED
command, the device shall transition to the DDMAQIO: DMA_queued_in state.
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Transition DI2:DDMAQOO: When the received command is a WRITE DMA QUEUED
command, the device shall transition to the DDMAQOO: DMA_queued_out state.

Transition DI2:DEDDO0: When the received command is an EXECUTE DEVICE
DIAGNOSTICS command, the device shall transition to the DEDDO: Execute_ device_diag
state.

Transition DI2:DDR0: When the received command is an RESET DEVICE command, the
device shall transition to the DDRO: Device_reset state.

evice shall transition to the DI3: No_command state.

ransition DI2:DI5: When the received command is a SERVICE command, the device shall
transition to the DI5: Service state.

]

13: No_command state: This state is entered when the device recdgnizes that th
received command is not implemented by the device. The device shall abort any outstanding
ueued commands.

UJ

hen in this state, the device shall request that the Transport layer\transmit a Register Fl
ith register content as described in the appropriate command deSeription and the | bit set t
ne.

O

ransition DI2:DI0: When the Transport layer has transniifted the Register FIS, the device
hall transition to the DIO: Device_idle state.

*

Dl4: Set_service state: This state is entered when the ready to complete the dath
ansfer for a queued command.

—

Vhen in this state, the device shall request that the Transport layer transmit a Set Device Bits
IS with the SERV bit set in the Status register and with all other bits in the Error and Statufs
elds the same as the current contents of the respective registers, and the | bit set to one.

- <

Transition DI4:DI0: When the Transport layer has transmitted the Set Device Bits FIS, the
evice shall transition to the DIO;-Device_idle state.

DI5: Service_test state: ' This state is entered when the SERVICE command has bee
received.

=)

hen in this state, the-device shall determine the type of command that the device ha
requested service to-complete. The PACKET_PIO command includes its own register updat
tp set DRQ and send the command tag, but other queued commands require a Register FIS.

(O

—

ransition DI5:DI7: When the command to be serviced is a PIO data-in or PIO data-ol
ommand;the device shall transition to the DI7: Service _decode state.

ransition DI5:DI6: When the command to be serviced is neither a PIO data-in nor a PID
ata-out command, the device shall transition to the DI6: Service_send_tag state.

* DI6: Service_send_tag state: This state is entered when the SERVICE command
has been received and sending a Register Device to Host FIS is necessary for the command
being serviced.

When in this state, the device shall request that the Transport layer transmit a Register FIS
with register contents, including the desired command tag for the command being serviced.

Transition DI6:DI7: When the Transport layer has transmitted the Register FIS, the device
shall transition to theDI7: Service_decode state.

* DI7: Service_decode state: This state is entered when a register FIS has been
transmitted, if necessary to send the register contents, including the desired command tag, in
response to a SERVICE command.
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When in this state, the device shall determine the type of command that the device has

requested service to complete, and branch to that command's data transfer and completion.

Transition DI7:DP4: When the command to be serviced is a PIO data-in command, the

device shall transition to the DP4: PACKET_PIO_in state.

Transition DI7:DP6: When the command to be serviced is a PIO data-out command, the

device shall transition to the DP6: PACKET_PIO_out state.

Transition DI7:DP9: When the command to be serviced is a DMA data-in command, the

I _DNA_IN Stale.

ransition DI7:DP11: When the command to be serviced is a DMA data-out command, th
evice shall transition to the DP11: PACKET_DMA_out state.

ransition DI7:DDMAQI1: When the command to be serviced is a READ DMA QUEUE
gommand, the device shall transition to the DDMAQI1: Send_data state.

-]

ransition DI7:DDMAQO1: When the command to be serviced is a WRITE DMA QUEUE
ommand, the device shall transition to the DDMAQO1: Send_DMA _activate state.

QO =

7.4 Software reset protocol

Vhen the host sends a Register FIS with a one in the SRST bitiposition of the Device Contrg
pgister byte, the device shall execute the software reset protocol regardless of the pows
nanagement mode.

D0 <

DSRO: Software_reset_asserted
Begin Initialization and Diagnostics,
Await SRST Clear tozero

Register FIS received

with C=0 and SRST=1
——— DI: DSRO ——|-Register FIS received with
SRST=1 C=0and SRST=0

(DSRO:DSRO ~T— DSRO0:DSR1

DSR1: Execute_diagnostics
Complete Initialization and

Diagnostics
-
DSR2: Send_good_status
Send Register DH FIS with
passed status
Initialization and diagnostics Register DH FIS transmitted
completed successfully with success signature in
— DSR1:DSR2 = register contents
— DSR2:DI0 =—=—Device idle
DSR3: Send_bad_status
Send Register DH FIS with
failed status
Icljjitializatt.ionfal_';dd Register DH FIS transmitted
lagnostics tate with fail signature in register
— DSR1:DSR3 contents

— DSR3:DIQ =——s=— Device_idle

Figure 95 — Software reset protocol (States DSR0-DSR3)

- —
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DSRO0: Software_reset_asserted: This state is entered when a Register FIS is
received with the C bit in the FIS cleared to zero and the SRST bit set to one in the Device
Control register.

When in this state, the device begins its initialization and diagnostics execution and awaits
the clearing of the SRST bit.

Transition DSR0:DSR1: When a Register FIS is received with the C bit in the FIS cleared to
zero and the SRST bit cleared to zero in the Device Control register, the device shall
transition to the DSR1: Execute diagnostics state.

ransition DSR0:DSRO0: If a Register FIS is received with the C bit in the FIS set to one;-q
the SRST bit set to one in the Device Control register, the device shall transition to the,DSRQ:
oftware_reset_asserted state.

=

[®N

SR1: Execute_diagnostics: This state is entered when a Register kIS s receive
ith the C bit in the FIS cleared to zero and the SRST bit cleared to zefe. 'in the Devic
ontrol register.

]

hen in this state, the device completes initialization and execution ofits”diagnostics.

ransition DSR1:DSR2: When the device has been initialized and the diagnostic
uccessfully completed, the device shall transition to the DSR2:*Send_good_status state.

[2]

ransition DSR1:DSR3: When the device has been initidlized and the diagnostics faileg
the device shall transition to the DSR3: Send_bad_status state.

SR2: Send_good_status: This state is entered when the device has been initializef
nd the diagnostics successfully completed.

hen in this state, the device requests that the Transport layer transmit a Register FIS to th
ost. The device signature shall be set“in the registers as defined in Clause 5 ¢
IBO/IEC 24739-1:2009.

—n (D

ransition DSR2:DI0: When the Fransport layer indicates that the Register FIS has beep
transmitted, the device shall transition to the DIO: Device_ldle state.

SR3: Send_bad_status: This state is entered when the device has been initializef
nd the diagnostics failed!

Vhen in this state, thie device requests that the Transport layer transmit a Register FIS to th
ost. The device'signature shall be set in the registers as defined in Clause 5 ¢
50/IEC 24739-1+20009.

—_ T <
—n (D

Transition DSR3:DI0: When the Transport layer indicates that the Register FIS has beep
ansmitted) the device shall transition to the DI0: Device_Idle state.

—
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17.5 EXECUTE DEVICE DIAGNOSTIC command protocol

DEDD1: Send_good_status

DEDDO: Execute_device_diag Send Register DH FIS with
Execute Diagnositcs passed status
EXECUTE DEVICE Diagnostic completed Riﬁister DH FI_S tr?nsnjitted
DIAGNOSTIC successfully with success signature in

reqister contents and 1=1

\JUIIIIIIGIIdIU\JC;VUd I— DEDDUDEDDT |
— DI2:DEDDQ — =

—DEDD1:DI0—== Device_idle

DEDD2: Send_bad_status
Send Register DH FIS with
failed status

Diagnostic failed Register DH FIS transmitted

— DEDDO0:DEDD2 P with success signature in
register contents and I=1

— DEDD2:DI0 —=m= Device_idle

Figure 96 — EXECUTE DEVICE DIAGNOSTIC command protocol (States DEDDO0-DEDD2

o

DEDDO: Execute_device_diag: This state is entered when an EXECUTE DEVIC
IAGNOSTIC command is received, see Figure 96.

< 4

Vhen in this state, the device executes its diagnostics.

-]

ransition DEDDO:DEDD1: When the device successfully completed the diagnostics, th
evice shall transition to the DEDD1: Send._good_status state.

ransition DEDD1:DEDD2: When the_device has failed the diagnostics, the device sha
transition to the DEDD2: Send_bad_status state.

EDD1: Send_good_status: This state is entered when the device has successfull

mpleted the diagnostics. When in this state, the device shall request that the Transpo
layer transmit a Register FIS'to the host, with the | bit set to one. The device signature sha
e set in the registers as defined in in Clause 5 of ISO/IEC 24739-1:2009, see Figure 96.

ransition DEDD1:D10: When the Transport layer indicates that the Register FIS has bee
tfansmitted, the device shall transition to the DIO: Device_Idle state.

EDD2: Send_bad_status: This state is entered when the device has been initialize
nd the diaghostics failed.

heniin-this state, the device shall request that the Transport layer transmit a Register FIS t
the-host, with the | bit set to one. The device signature shall be set in the registers as define

()

= - <

=}

[®N

OO

inin’Clause 5 ISQ/IEC 24739-1:2009 _see Eigure 96

Transition DEDD2:DI0: When the Transport layer indicates that the Register FIS has bee
transmitted, the device shall transition to the DIO: Device_ldle state.

n
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17.6 DEVICE RESET command protocol

DDR1: Send_good_status

DDRO: Device reset Send Register DH FIS with
Stop execution and specified signature in register
contents

background activity

Register DH FIS transmitted
DEVICE RESET o with specified signature in
command received | Activity ceased register contents
—D12"DEDRO PBRO-DBR4 BBR+Bt6 Bevice—dte

Figure 97 — DEVICE RESET command protocol (States DDR0-DDR1)

DRO: Device_reset: This state is entered when an DEVICE RESEThcommand i
received, see Figure 97.

hen in this state, the device stops any execution or activity in progress.

ransition DDRO:DDR1: When the device has ceased any execution or activity and ha
mpleted its internal diagnostics, the device shall transition to the . DDR1: Send_good_statu
ate.

DR1: Send_good_status: This state is entered when the device has been initialize
nd the diagnostics successfully completed, see Figure 97

Vhen in this state, the device requests that the Transport layer transmit a Register FIS to th
ost. The device signature shall be set in the,registers as defined in in Clause 5 ¢
50/IEC 24739-1:20009.

0O <

Transition DDR1:DI0: When the Transportt,layer indicates that the Register FIS has bee
tfansmitted, the device shall transition to the DIO: Device_Idle state.

17.7 Non-data command protocol
Non-Data Commands are listed in Annex B of ISO/IEC 24739-1:2009.

Hxecution of these commands involves no data transfer. See the NOP command descriptio
gnd the SLEEP command description for additional protocol requirements.

DNDQO: Non-data

Execufeyequested command DND1: Send_status

Send Register DH FIS with
completion status

Non-data ¢ommand Command execution
received complete
—< DI2:DNDQ —=—1— DNDO:DND1 -

FIS transmission complete
— DND1:DI0 == Device_idle

14

—h

=)

DNDO: Non-data State: This state is entered when a received command is a non-data

command, see Figure 98.

When in this state, the device shall execute the requested command if supported.

Transition DND0:DND1: When command execution completes, the device shall transition to

the DND1: Send_status state.

DND1: Send_status State: This state is entered when the execution of the non-data

command has been completed, see Figure 98.
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When in this state, the device shall request that the Transport layer transmit a Register FIS
with register content as described in the appropriate command description and the | bit set to
one.

Transition DND1:DI0: When the FIS has been transmitted, then the device shall transition
to the DIO: Device_idle state.

17.8 PIO data-in command protocol

PIO Data In commands are listed in Annex B of ISO/IEC 24739-1:2009.

Xecution of this ciass of command mciudes the PO transferof one or more biocks of dat
ffom the device to the host.

DPIOI1: Send_PIO_setup

DPIOIO: PIO_in Request Transmission of

Prepare a DRQ data block

for transfer to host PIOMﬂto host
DRQ data block ready P1O Setup EISitransmitted, I=1
tot f
| DPIOIODPION »— DPIQI:DPIOI2
PIO datain DPIOI2: Transmit data
command received Request Transport send
— DI2:DPIOI0 == Data)FIS

Data FIS transmitted, more
data for this command

Data FIS transmitted, all data for
DP10I2:BRIOI0 — this command completed

— DP1012:DI0 —= Device_idle

DPIOI3: Error_status

Device has Send Register DH FIS with

encountered error ending status

that caused

command to abort Register FIS transmitted, 1=1
— DPIOI0:DRIOI3 - DPIOI2:DI0 — Device_idle

Figure 99 —"PIO data-in command protocol (States DPIOI0-DPIOI3)

o

DPIOI0: PIO_in_State: This state is entered when the device receives a PIO data-i
ommand or the-transmission of one or more additional DRQ data blocks is required t
omplete theccommand, see Figure 99.

(@)
O 3

Q

When in-this state, device shall prepare a DRQ data block for transfer to the host.

Transition DPIOI0:DPIOI1: When the device has a DRQ data block ready to transfer, the
device shall transition to the DPIOI1: Send_PIO_setup state.

Transition DPIOI0:DPIOI3: When the device has encountered an error that causes the
command to abort before completing the transfer of the requested data, the device shall
transition to the DPIOI3: Error_status state.

DPIOI1: Send_PIO_setup: This state is entered when the device is ready to transmit a
DRQ data block from the host, see Figure 99.

When in this state, the device shall request that the Transport layer transmit a PIO Setup FIS.
The initial status shall have BSY cleared to zero and DRQ set to one and with register content
as described in the appropriate command description. The | bit shall be set. If this is the last
DRQ data block requested by the command, the E_Status field shall have BSY cleared to
zero and DRQ cleared to zero. If this is not the last data block requested by the command, the
E_Status field shall have BSY set to one and DRQ cleared to zero.
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Transition DPIOI1:DPIOI2: When the PIO Setup FIS has been transferred, the device shall
transition to the DPIOI2: Transmit_data state.

DPIOI2: Transmit_data: This state is entered when the device has transmitted a P1O
Setup FIS to the host, see Figure 99.

When in this state, the device shall request that the Transport layer transmit a Data FIS
containing the DRQ data block.

Transition DPIOI2:DI0: When the Data FIS has been transferred and all data requested by
this command have been transferred, the device shall transition to the DIO: Device_idle.

[oN

ransition DPIOI2:DPIOI0: When the Data FIS has been transferred but all data requéeste
y this command has not been transferred, or the 8KB transfer limit has been reacghed, the
the device shall transition to the DPIOI0: PIO_in state.

=)

PIOI3: Error_status: This state is entered when the device has encountered an errg
that causes the command to abort before completing the transfer of the requested data, sep
igure 99.

-

UJ

hen in this state, the device shall request that the Transport layerjtransmit a Register Fl
ith register content as described in the appropriate command déscription and the | bit set t
ne.

O

ransition DPIOI3:DI0: When the FIS has been transmitted, the device shall transition tp
the DIO: Device_idle state.

17.9 PIO data-out command protocol

|10 Data-out commands are listed in Annex B.ef' ISO/IEC 24739-1:2009. Execution of thi
lass of command includes the PIO transfer of one or more blocks of data from the host to the
evice.

[2]

DPIOO0O0: PIO_out DPIOO1: Send_PIO_setup
Prepare to receive-DRQ Request Transmission of PIO
Data Block from“Host Setup FIS to Host
Ready to receive DRQ PIO setup FIS
data block transfer fransmitted
— DPIOO0:DPIOO1 — DPIOO1:DPIOOZ\

PIO data-out
command received

— DISOPI0003 , DPIOO2: Receive_data

Receive Data FIS

Data FIS received B
— DPIOO2:DPIOO0 —

All DRQ blocks received

for this command or DPIOO3: Send_status
device has encountered Send Register DH FIS with
error causing command ending status

abort before all data

transferred

I — DPIOO0:DPIOO3 —————— Register FIS transmitted, 1=1
— DPIOO3:DI0— Device idle

Figure 100 — PIO data-out command protocol (States DPIOO0-DPIOO3)
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DPIOIO: PIO_out State: This state is entered when the device receives a PIO data-out

command or the receipt of one or more DRQ data blocks is required to complete thi
command, see Figure 100.

When in this state, device shall prepare to receive a DRQ data block transfer from the host.

S

Transition DPIOO0:DPIOO1: When the device is ready to receive a DRQ data block, the

device shall transition to the DPIOO1: Send_PIO_setup state.

Transition DPIOO0:DPIO0O3: When the device has received all DRQ data blocks requested

y this command or the device has encountered an error that causes the command to abo
efore completing the transfer of the requested data, then the device shall transition to. th
PIOO3: Send_status state.

PIOO1: Send_PIO_setup: This state is entered when the device is readyto feceive
RQ data block from the host, see Figure 100.

hen in this state, the device shall request that the Transport layer transmit/la PIO Setup FI§.

he initial status shall have BSY cleared to zero and DRQ set to one. Ifithis is the first DR
ata block for this command, the | bit shall be cleared to zero. If this is'n6t the first DRQ dat
lock for this command, the | bit shall be set to one. The E_Status field shall have BSY set {
ne and DRQ cleared to zero. The byte count for the DRQ data block shall be indicated.

ransition DPIOO1:DPIO0O2: When the PIO Setup FIS has“been transferred, the devic
hall transition to the DPIOO2: Receive_data state.

o

DPI0O02:Receive_data: This state is entered when the device has transmitted a Pl
etup FIS to the host, see Figure 100.

[ds)

<

Vhen in this state, the device shall receive the requested Data FIS from the Transport layer.

Transition DPIOO2:DPIO00: When thesPata FIS has been received, the device sha
ansition to the DPIOOO0: PIO_out state,

—

o

DPIOO03: Send_status: This state is entered when the device has received all DR(
ata blocks requested by this command or the device has encountered an error that cause
ne command to abort before completing the transfer of the requested data, see Figure 100.

o= QO

<

Vhen in this state, the device shall request that the Transport layer transmit a Register FlI
ith register content as'déscribed in the appropriate command description and the | bit set t
ne.

O <

Transition DPI0O3:DI0: When the FIS has been transmitted, the device shall transition t
the DIO: Deviee\idle state.

t
e

[\Y)

O U J

[

(288

O UJ)
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17.10 DMA data-in command protocol
DMA data-in commands are listed in Annex B of ISO/IEC 24739-1:20009.

Execution of this class of command includes the transfer of one or more blocks of data from
the device to the host using DMA transfer.

DDMAI0: DMA_in DDMAH: Send_data
Pl’epare Data for the Reauest Transmissionof

transfer of a Data FIS

a Data FIS to the Host

Data for Data FIS
ready to transfer

DMA Data-In — DDMAIO:DDMAI1 -
command received
— DI2:DDMAI0 ——p}

Data FIS transmitted. No
more data required for this
command or 8KB transmitted

- DDMAI1:DDMAIO—

AI! data transferred fqr DDMAI2: Send_status
this command or device Send Register DH FIS
encountered error that

caused abort before all WM\dmg status

data transferred

— DDMAIO:DDMAI2

Register FIS transmitted, |=1

—DDMAI2:DI0 — Device_idle

Figure 101 — DMA data-in command protocol (States DDMAIO-DDMAI1)

o

DDMAIO: DMA _in State: This.state is entered when the device receives a DMA data-ip
gommand or the transmission of anesor more Data FIS is required to complete the command,
ee Figure 101.

hen in this state, device shall prepare the data for transfer of a Data FIS to the host.

ransition DDMAIO:DDMAI1: When the device has the data ready to transfer a Data FIS,
the device shall transition to the DDMAI1: Send_data state.

ransition DDMAIO:DDMAI2: When the device has transferred all of the data requested b
this command “or has encountered an error that causes the command to abort befor
mpleting the transfer of the requested data, then the device shall transition to the DDMAIZ:
end_status'state.

D

O

DMAI1: Send_data: This state is entered when the device has the data ready t
transfer a Data FIS to the host, see Figure 101.

When in this state, the device shall request that the Transport layer transmit a Data FIS
containing the data. The device command layer shall request a Data FIS size of no more than
8KB.

Transition DDMAI1:DDMAIO: When the Data FIS has been transferred, the device shall
transition to the DDMAOIO: DMA _in state.

DDMAI2: Send_status: This state is entered when the device has transferred all of the
data requested by the command or has encountered an error that causes the command to
abort before completing the transfer of the requested data, see Figure 101.
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When in this state, the device shall request that the Transport layer transmit a Register FIS
with register content as described in the appropriate command description and the | bit set to
one.

Transition DDMAI2:DI0: When the FIS has been transmitted, the device shall transition to
the DIO: Device_idle state.

17.11 DMA data out command protocol
DMA data out commands are listed in Annex B of ISO/IEC 24739-1:2009.

Hxecution of this class of command includes the transfer of one or more blocks of data fror
ne host to the device using DMA transfer. A single interrupt is issued at the completion-of\th
dommand.

=)

—
()

DDMAOO: DMA out DDMAO1: Send_DMA _activate
Prepare to receive Request transmission of DMA
Data FIS from Host Activate FIS to Host
Ready to receive data DMA Activate
DMA Data-out FIS from Host FIS transmitted
command received [~ DPMAOO:DDMAO1 DDMAO#:DBMAO2

— DI22DDMAOQ —

DDMAO2: Receive_data

Receive Data EIS from the
Transpert layer

Data FIS received
|~e¢—————— DDMAO2:DDMAOO —

All data received for this DDMAO3: Send_status
command, or device Send Register DH FIS with
encountered error thab causes ending status
command abortbefore
completing transfer of all data Register FIS transmitted,
| DDMAOO:BDDMAO3 »! request complete, I=1
—DDMAO3:DI0 e Device idle

Figure 102 - DMA data-out command protocol (States DDMAOO0-DDMAO3)

o

)DDMAOO: DMA “out State: This state is entered when the device receives a DM
ata-out command or the receipt of one or more Data FIS is required to complete thi
ommand, se€.Figure 102.

Qo
[P

Q

<

Vhen in.this'state, device shall prepare to receive a Data FIS from the host.

Transition DDMAOO:DDMAO1: When the device is ready to receive a Data FIS, the devicp
shal transition to the DDMAO1: Send_DMA _activate state.

Transition DDMAOO0:DDMAO3: When the device has received all the data requested by this
command or the device has encountered an error that causes the command to abort before
completing the transfer of the requested data, then the device shall transition to the DDMAOQO3:
Send_status state.

DDMAO1: Send_DMA_activate: This state is entered when the device is ready to
receive a Data FIS from the host, see Figure 102.

When in this state, the device shall request that the Transport layer transmit a DMA Activate
FIS.

Transition DDMAO1:DDMAO2: When the DMA Activate FIS has been transferred, the
device shall transition to the DDMAOZ2: Receive_data state.
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DDMAO2: Receive_data: This state is entered when the device transmitted a DMA
Activate FIS to the host, see Figure 102.
When in this state, the device shall receive the requested Data FIS from the Transport layer.

Transition DDMAO2:DDMAOO: When the Data FIS has been received, the device shall
transition to the DDMAOO: DMA_out state.

DDMAO3: Send_status: This state is entered when the device has received all the
data requested by this command or the device has encountered an error that causes the
gommand to abort before completing the transfer of the requested data, see Figure 102.

UJ

When in this state, the device shall request that the Transport layer transmit a Register Fl
ith register content as described in the appropriate command description and the hbit set t
ne.

<
O

@]

Transition DDMAO3:DI0: When the FIS has been transmitted, the device shall transition tp
the DI0: Device_idle state.
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17.12 PACKET protocol

The PACKET protocol is illustrated in Figure 103. States marked with an * in Figure 103 are
only utilized when queuing is implemented (see Clause 4 of ISO/IEC 24739-1:2009).

DP0: PACKET DP1: Receive_command
PACKET command recd |PIO setup FIS sent Data FIS with command received
— DI2:DPO0 ——1—DP0:DP1 - DP1:DP2
DP2: Check_command )

DP3: PACKET_non-data DP15: Send_status

Non-data cmd Cmd complete EIS sent

— DP2:DP3—— DP3:DP15 - sen
DP4: PACKET_PIO_in  DP5: PIO_in_setup — DP15:DI0 == Device_idle

PIO data-in cmd DRQ block rdy Setup FIS sent

— DP2:DP4m=————=—— $p4:DP5——» DP5:DP6
DP6: Send_PIO_data )
Data FIS sent
— DP6:DP4 —j
Cmd complete or aborted due to error
DP4:DP15 -

*Release
—DP4:DP16

DP7: PACKET_PIO_out DP8: PIO_out_setup FIS sent

PIO data-out cmd Rdy to rec DRQ block [Setup FIS'sent
— DP2:DP7 ——»1—DP7:DP8 ==———"——DpPpg:DP9

DP9: Reive&_data
Data FIS rec
+—=DP9:DP7 =
Cmd complete or aborted due to error
—DP7:DP15 B

*Release
—DP7{DFP16

DP10: PACKET.DMA _in DP11: Send_DMA_data

DMA data-in cmd DMA data rdy
— DP2:DP10 ——=1— DP10:DP 11—

Data FIS sent
~<—— DP11:DP10—

DP16: Release

— DP16:DI10-# Device_idle

b

Cmd complete or aborted due to error
— DP10:DP15

*Release
— DP10:DP16 -
DP12: PACKET_DMA_out DP13: Send_DMA_activate

DMA data-out cmd |Rdyto rec DMA data [FIS sent

— DPZ.DPTZ =—®1—DP12.DP13—»FDP13.DP 14
DP14: Receive_DMA_data
Data FIS rec |

—=—— DP14:DP12—]

Cmd complete or aborted due to error
—DP12:DP15 B
*Release

—DP12:DP16 -

Figure 103 - PACKET command protocol (States DP0-DP16)
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DPO0: PACKET: This state is entered when the device receives a PACKET command.

When in this state, the device shall request that the Transport layer transmit a PIO Setup FIS
to acquire the command packet associated with this command. The initial status shall have
BSY cleared to zero and DRQ set to one. The | bit shall be cleared to zero. The E_Status field
shall have BSY set to one and DRQ cleared to zero. The byte count for the DRQ data block
shall be indicated.

Transition DP0:DP1: When the PIO Setup FIS has been transferred, the device shall
transition to the DP1: Receive _command state.

(>

P1: Receive_command: This state is entered when the device transmitted a"Pi
etup FIS to the host to get the command packet.

hen in this state, the device shall receive the requested Data FIS from the Transport layer.

ransition DP1:DP2: When the Data FIS has been received, the device shall transition t
the DP2: Check_command state.

O

P2: Check_command: This state is entered when the Datd”FIS containing th
mmand packet has been received.

]

1]

hen in this state, the device shall determine the protocol for the command contained in th
mmand packet.

ransition DP2:DP3: When the command is a non-data transfer command, the device sha|
transition to the DP3: PACKET_non-data state.

ransition DP2:DP4: When the command is a PlIO data-in transfer command, the devic
hall transition to the DP4: PACKET_PIO_in state.

]

Transition DP2:DP7: When the commandds a PIO data-out transfer command, the devick
shall transition to the DP7: PACKET_PIQ_ out state.

Transition DP2:DP10: When the command is a DMA data-in transfer command, the device
shall transition to the DP10: PACKET_DMA in state.

Transition DP2:DP12: When the command is a DMA data-out transfer command, the device
hall transition to the DP12:\PACKET_DMA_out state.

P3: PACKET_non-data State: This state is entered when a received command is p
on-data command!

hen in this state, the device shall execute the requested command.

ransitionnDP3:DP15: When command execution completes, the device shall transition tp
the DP15:8end_status state.

This state is entered when the device receives a Pl

the command.
When in this state, device shall prepare a DRQ data block for transfer to the host.

Transition DP4:DP5: When the device has a DRQ data block ready to transfer, the device
shall transition to the DP5: PIO_in_setup.

Transition DP4:15: When all of the data requested by this command has been transferred
or the device has encountered an error that causes the command to abort before completing
the transfer of the requested data, then the device shall transition to the DP15: Send_status
state.
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* Transition DP4:DP16: When the device supports overlap and queuing and does not have
a DRQ data block ready to transfer immediately, the device shall transition to the DP16:
Release state.

DP5: PIO_in_setup: This state is entered when the device is ready to transfer a DRQ
block to the host.

When in this state, the device shall request that the Transport layer transmit a PIO Setup FIS.
The initial status shall have BSY cleared to zero and DRQ set to one. The | bit shall be set to
one. The E Status field shall have BSY set to one and DRQ cleared to zero. The byte count
for the DRQ data block shall be indicated.

ransition DP5:DP6: When the PIO Setup FIS has been transferred, the devige. shall
transition to the DP6:SendP1O_data state.

P6:Send_PIO_data: This state is entered when the device is ready to transfer a DRQ
data block to the host.

UJ

hen in this state, the device shall request that the Transport layer transmit a Data FI
gontaining the DRQ data block.

ransition DP6:DP5: When the Data FIS has been transferred, the device shall transition tp
the DP5: PACKET_PIO_in state.
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hen in this state, device shall prepare to receive@ DRQ data block transfer from the host.

ransition DP7:DP8: When the device is r&ady to receive a DRQ data block transfer, the
device shall transition to the DP8: PIO_out,setup state.

ransition DP7:DP15: When the device has received all DRQ data blocks requested by thi
gommand or the device has encountered an error that causes the command to abort befor
gompleting the transfer of the requested data, then the device shall transition to the DP15:

[2)

()

—

*| Transition DP7:DP16: (When the device supports overlap and queuing and can not acceq
g DRQ data block immediately, the device shall transition to the DP16: Release state.

hen in this_state, the device shall request that the Transport layer transmit a PIO Setup FI§.
he initial_status shall have BSY cleared to zero and DRQ set to one. The | bit shall be set tp

transition to the DP9: Receive_PIO_data state.

DP9: Receive PIO_data: This state is entered when the device transmitted a PIO
Setup FIS to the host.

When in this state, the device shall receive the requested Data FIS from the Transport layer.

Transition DP9:DP7: When the Data FIS has been received, the device shall transition to
the DP7: PACKET_PIO_out state.

DP10: PACKET_DMA in State: This state is entered when the device receives a
DMA data-in command or the transmission of one or more Data FIS is required to complete
the command.
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When in this state, device shall prepare the data for transfer of a Data FIS to the host.

Transition DP10:DP11: When the device has the data ready to transfer a Data FIS, the
device shall transition to the DP11: Send_DMA_data state.

Transition DP10:DP15: When the device has transferred all of the data requested by this
command or has encountered an error that causes the command to abort before completing
the transfer of the requested data, then the device shall transition to the DP15: Send_status
state.

* O JFP1TU.DUFT0. VVTie c deVv c UPPO overldp 4difnd gueu J dllld doe O ave

data ready to transfer immediately, the device shall transition to the DP16: Release state.

DP11: Send_DMA _data: This state is entered when the device has the data ready tp
transfer a Data FIS to the host.

UJ

hen in this state, the device shall request that the Transport layer transmit a Data FI
gontaining the data.

ransition DP11:DP10: When the Data FIS has been transferred, the.device shall transitio
tp the DP10: PACKET_DMA _in state. The device command layershall request a Data FlI
size of no more than 8KB.

UJ 3

DP12: PACKET_DMA _out State: This state is enteréd when the device receives p
[)MA data-out command or the receipt of one or more Data. FIS is required to complete th
gommand.

()

hen in this state, device shall prepare to receive a!Data FIS from the host.

ransition DP12:DP13: When the device is réady to receive a Data FIS, the device shal
transition to the DP13: Send_DMA _activate state.

ransition DP12:DP15: When the device has received all the data requested by thi
gommand or the device has encountered an error that causes the command to abort befor
gompleting the transfer of the requested data, then the device shall transition to the DP15:
Jend_ status state.

[

[

*| Transition DP12:DP16: When the device supports overlap and queuing and can nqt
dccept a Data FIS immediately, the device shall transition to the DP16: Release state.

DP13: Send_DMA activate: This state is entered when the device is ready to receiv
g Data FIS from thelhost.

[

hen in this state, the device shall request that the Transport layer transmit a DMA Activat
HIS.

142

ransition’'DP13:DP14: When the DMA Activate FIS has been transferred, the device shal
transition to the DP14: Receive_ DMA_data state.

[ 4 Re YAVZ- DIVLA Oala: his state is entered when the device ansmi fg:‘H

Activate FIS to the_host.

When in this state, the device shall receive the requested Data FIS from the Transport layer.

Transition DP14:DP12: When the Data FIS has been received, the device shall transition to
the DP12: PACKET_DMA_out state.

DP15: Send_status: This state is entered when the device has received all the data
requested by this command or the device has encountered an error that causes the command
to abort before completing the transfer of the requested data.
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When in this state, the device shall request that the Transport layer transmit a Register FIS
with register content as described in the appropriate command description, and the | bit set to
one.

Transition DP15:DI0: When the FIS has been transmitted, then the device shall transition to
the DIO: Device_idle state.

* DP16: Release: This state is entered when the device is not able to do a data transfer
immediately.

— U.

ith register content as described in the appropriate command description with the REL“b
et to one, and, if the bus release interrupt has been enabled by a previous Set Feature
Gommand, with the | bit set to one.

ﬁ/hen in this state, the device shall request that the Transport layer transmit a Register El
[

[2]

Transition DP16:DI0: When the FIS has been transmitted, then the device shalktransition tp
ne DIO: Device_idle state.

—
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17.13 READ DMA QUEUED command protocol

The Read DMA Queued command protocol is illustrated in Figure 104. Read DMA Queued
commands are listed in Annex B of ISO/IEC 24739-1:2009.

Execution of this class of command includes the transfer of one or more blocks of data from
the device to the host using DMA transfer. All data for the command may be transferred
without a bus release between the command receipt and the data transfer. This command
may bus release before transferring data. When data transfer is begun, all data for the
request shall be transferred without a bus release.

DDMAQIO: DMA_queued_in DDMAQI1: Send_data

Determine if Transfer or Release Request Transmission of Data
— FIS to host

Service Retumn
— DI7:DDMAQI1 —™

READ DMA QUEUED Data FIS transmitted.No more
command recieved Ready to transfer data data for this comfmand, or 8KB

—DI2:DDMAQI0 —=—|— DDMAQI0:DDMAQI1 —————— transmitted
—DDMAQI1:DDMAQI2

DDMAQI2: Preparé: data

Data not ready to Prepare data for nextdata FIS
Transfer or no bus Data ready—_
release desired K All data transmitted for this
DDMAQIO: DDMAQI2:DDMAQITS=— command or error encountered
C DDMAQIO ™ that causes abort before
completing data transfer
—DDMAQI2:DDMAQI3

DDMAQI3: Send_status

Device encountered Request Transmission of
error that causes Register FIS to host
command to abort —

before starting data -t

transfer

| DDMAQIO:DDMAQI3 ——— == Register FIS transmitted. I=1

- DDMAQI3:DI0 —= Device_idle

DDMAQI4: Release
Request Transmission of
Register FIS to host

Bus release
u Register FIS transmitted, REL=1, and

[ DDMAQIO:DDMAQI4 — = (I=1 if release interrupt enabled)
—DDMAQM4:DI0 —== Device_idle

Figure 104 - READ DMA QUEUED command protocol (States DDMAQI0O-DDMAQI4)

DDMAQIO: DMA_queued_in: This state is entered when the device receives a READ
DMA QUEUED command.

When in this state, device shall determine if the requested data is ready to transfer to the
host.

Transition DDMAQIO:DDMAQI1: When the device has the requested data ready to transfer
a Data FIS immediately, the device shall transition to the DDMAQI1: Send_data state.

Transition DDMAQIO:DDMAQI3: When the device has encountered an error that causes the
command to abort before starting the transfer of the requested data, the device shall
transition to the DDMAQI3: Send_status state.
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Transition DDMAQIO:DDMAQI4: When the device does not have the requested data ready
to transfer a Data FIS, and a release is desired, the device shall transition to the DDMAQI4:
Release state.

Transition DDMAQI0O:DDMAQIO: When the device does not have the requested data ready
to transfer, or no bus release is desired, the device shall transition to the DDMAQIO:
DMA_queued_in state.

DDMAQI1: Send_data: This state is entered when the device has the data ready to
transfer a Data FIS to the host.

UJ

hen in this state, the device shall request that the Transport layer transmit a Data\F{
ntaining the data.

ransition DDMAQI1:DDMAQI2: When the Data FIS has been transferred, the device shall
transition to the DDMAQI2: Prepare_data state. The device command layer shall request
ata FIS size of no more than 8KB.

V)

DMAQI2: Prepare_data: This state is entered when the devicé_has completed th
transfer a Data FIS to the host.

[

hen in this state, the device shall prepare the data for the next Data FIS.

ransition DDMAQI2:DDMAQI1: When data is ready for the Data FIS, the device shall
transition to the DDMAQI1: Send_data state.

ransition DDMAQI2:DDMAQI3: When all data requested for the command has bee
transmitted or an error has been encountered that.causes the command to abort befor
mpleting the transfer of the requested data, thg, device shall transition to the DDMAQI3:
end_status state.

D =5

DMAQI3: Send_status: This state:i§’ entered when the device has transferred all g
the data requested by the command or has encountered an error that causes the command tp
bort before completing the transfer of the requested data.

—

UJ

hen in this state, the device shall request that the Transport layer transmit a Register FI
ith register content as described’in the appropriate command description and the | bit set t
ne.

O

ransition DDMAQI3:DI0; When the FIS has been transmitted, the device shall transition tp
the DI0: Device_idle state.

[®N

DMAQI4: Release: This state is entered when the device does not have the requeste
ata availablesfor immediate transfer.

hen in_this state, the device shall request that the Transport layer transmit a Register Fl
ith the-REL bit set to one, with register content as described in the appropriate comman
escription, and, if the bus release interrupt has been enabled by a previous Set Feature
ommand, with the | bit set to one.

o O

Transition DDMAAQI4:DI0: When the FIS has been transmitted, then the device shall
transition to the DIO: Device_idle state.

17.14 WRITE DMA QUEUED command protocol

The Write DMA Queued command protocol is illustrated in Figure 105. Write DMA Queued
commands are listed in Annex B of ISO/IEC 24739-1:2009.

Execution of this class of command includes the transfer of one or more blocks of data from
the device to the host using DMA transfer. All data for the command may be transferred
without a bus release between the command receipt and the data transfer. This command
may bus release before transferring data. The host shall initialize the DMA controller prior to
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transferring data. When data transfer is begun, all data for the request shall be transferred
without a bus release.

DDMAQOO: DMA_queued_out DDMAQO1: Send_DMA_activate

Determine if ransfer or Release Request Transmission of
DMA Activate FIS

Ready to receive data
L DDMAQOO0:DDMAQQO1 ——————p! DMA Activate FIS transmitted
Service Retun +— DDMAQO1:DDMAQO2

WRITE DMA
QUEUED command
received

—DI2:DDMAQOQ —==¢ — DIZ:DDMAQO1

s DDMAQO2: Receive_data
Receive Data FIS from Host

not ready to Transfer Data FIS received

\J
data or no bus — DDMAQOZ:DDMAQOB)

release desired
DDMAQOO: DDMAQO3: Prepare_data_buffer
CD DMAQOO Prepare to receive next DataF IS

Lo —

All'data transmitted for this

command or error encountered

Qeady toreceive data FIS that causes abort before
DDMAQO3:DDMAQOA—1 completing data transfer

— DDMAQO3:DDMAQO4
DDMAQOA4: Send_status
Request Transmission of

Register FIS to Host

Device encountered-error
that causes command to

abort before completing Register FIS transmitted. =1

data transfer D DMAGOADI0 - -
— DDMAQO0:DDMAQO4 ——— |~ DI0=—Device_idle

DDMAQOS5: Release
Request Transmission
of Reaister FIS to Host

Bus release Register FIS transmitted. REL=1, and

— DDMAQOO0:DDMAQO5 (I=1 if release interrupt enabled)

DDMAQOS5:DI0 —s= Device_idle

DDMAQOO: DMA_queued_out: This state is entered when the device receives a
WRITE DMA QUEUED command.

When in this state, device shall determine if it is ready to accept the requested data from the
host.

Transition DDMAQOO0:DDMAQO1: When the device is ready to receive a Data FIS
immediately, the device shall transition to the DDMAQO1: Send_DMA_activate state.

Transition DDMAQOO0:DDMAQO4: When the device has encountered an error that causes
the command to abort before completing the transfer of the requested data, the device shall
transition to the DDMAQO4: Send_status state.
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