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1 Scope

The purpose of this document is to provide a technical specification of a high-speed serialized
ATA data link interface. Normative information is provided to allow a technical design team to
construct a device that will operate correctly with another device designed to this specification.
Informative information is provided to help illustrate the normative material.

2 Goals, objectives and migration considerations

2.1 Goals and objectives
Serial ATA is defined with the following goals and requirements listed in no particular order:
Primary inside-the-box storage connection (no outside the box)
Completely SW transparent w/ ATA (easy transition)
Low pin count for both host and devices (2 pairs)
Favorable (low) voltages
Supports lower cost device architectures

Higher performance than equivalent ATA (data rate, queuing, overlap) w/ scalability to
higher

Much better cabling/connectors (thin, flexible)
Includes efficient power delivery

No software dependency. Relatively easy transition (price, IHV NRE and capital inventory
risk, wide variety of devices at intro, etc.)

Power management and power consumption suitable for mobile use

Allows roadmap spanning ~10 years

Cable length comparable to ATA (<1 m)

Transfer rate exceeding best ATA (~150 MB/s) with scalability to higher rates
Light protocol allowing overhead latencies to be minimized

Asynchronous only (no isochronous requirements)

No Peer-peer transfer support (to/from host only)

Provides support for 1st party DMA access to host

Cost competitive with equivalent parallel ATA solution at introduction (host + device +
cable)

Storage device centric (no cameras/scanners/printers)
Easy installation/configuration (plug/play, no jumpers, no external terminators)
Single host (no multi-initiators or host/host networking)
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2.2 Migration Considerations

The following table illustrates the migration for various aspects of the Serial ATA signaling growth
path:

Generation 1 Generation 2 Generation 3
Approximate speed 1.2 Gbits/s 2 4 Gbit 1,
: . s/s 4,
(8b side ) ( 150 Mbytes/sec ) 8" Ghits/s
Approximate speed . . 1.
(10D side ) 1.5 Ghits/sec 3.0 Gbits/sec 6.0° Ghits/sec
_ Estimated mid 2001 mid 2004 mid 2007
introduction date
Connector Same as Gen 1 May be upgraded
Cable Same as Gen 1 May be upgraded
Compatible with
Signaling Compatible with Generation 2 - may
compatibility Generation 1 be compatible with
Generation 1

NOTE -

1. These speed specifications and schedules are subject to change
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3 Normative references

The following standards contain provisions that, through reference in the text, constitute provisions of
this standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this standard are encouraged to investigate the
possibility of applying the most recent editions of the standards listed below.

Copies of the following documents can be obtained from ANSI: Approved ANSI standards, approved
and draft international and regional standards (ISO, IEC, CEN/CENELEC, ITUT), and approved and
draft foreign standards (including BSI, JIS, and DIN). For further information, contact ANSI Customer
Service Department at 212-642-4900 (phone), 212-302-1286 (fax) or via the World Wide Web at
http://www.ansi.org.

Additional availability contact information is provided below as needed.

3.1 Approved references

The following approved ANSI standards, approved international and regional standards (ISO, IEC,
CEN/CENELEC, ITUT), may be obtained from the international and regional organizations who
control them.

AT Attachment with Packet Interface — 5 (ATA/ATAPI-5) [NCITS 340:2000]

To obtain copies of these documents, contact Global Engineering or NCITS.

3.2 Other references
The 8b/10b code used in Serial ATA is based on the following published references

[1] A.X. Widmer and P.A. Franaszek, “A DC-Balanced, Partitioned-Block, 8B/10B Transmission
Code.” IBM Journal of Research and Development, 27, no. 5: 440-451 (September, 1983)

[2] U.S. Patent 4,486,739. Peter A. Franaszek and Albert X. Widmer. Byte Oriented DC
Balanced (0,4) 8B/10B Partitioned Block Transmission Code. (Dec. 4, 1984)

Additional documentation relating to the AT Attachment (ATA) storage interface can be retrieved via
the World Wide Web from the Technical Committee T13 at http://www.t13.0rg.

4 Definitions, abbreviations, and conventions

4.1 Definitions and abbreviations

4.1.1 ATA (AT Attachment)

ATA defines the physical, electrical, transport, and command protocols for the internal attachment of
storage devices.

4.1.2 ATAPI (AT Attachment Packet Interface) device
A device implementing the Packet Command feature set.
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4.1.3 backchannel

A term used to describe or refer to the transmit same-side SATA interface, when the scope of the
paragraph is addressing the receive interface. For example, when discussing the receive serial ATA
interface on the device side, the term “backchannel” would be used to describe the transmit interface
on the device side.

4.1.4 Dbit synchronization

The state in which a receiver has synchronized the internal receiver clock to the external transmitter
and is delivering retimed serial data.

4.15 bhyte

A byte is 8 bits of data. The least significant bit is bit 0 and the most significant bit is bit 7. The most
significant bit is shown on the left. In the encoding process the bits h a byte are referred to as
HGFEDCBA, or “A,B,C,D,E,F,G,H” where A corresponds to bit 0 and H corresponds to bit 7. Case is
significant.

4.1.6 character

A character is a representation of a data byte or control code. There are two types of characters:
data characters and control characters.

4.1.7 character alignment

Character alignment is a receiver action that resets the character boundary to that of the comma
sequence found in the K28.5 control character of the ALIGN primitive, and establishes Dword
synchronization of the incoming serial data stream.

4.1.8 character slipping

Character slipping is the receiver action that realigns the receiver’s clock to the received bit stream by
adding or removing bit times within the characters of the ALIGN primitive.

419 codeviolation

A code violation is an error that occurs in the reception process as a result of (1) a running disparity
violation or (2) an encoded character that does not translate to a valid data or control character or (3)
an encoded character that translates to a control character other than K28.5 or K28.3 in byte 0 of a
Dword or (4) an encoded character that translates to any control character (valid or invalid) in bytes 1-
3 of a Dword.

4.1.10 comma character

A comma character is a control character, that when encoded, contains the comma sequence. In
Serial ATA the only comma character used is K28.5, and only the ALIGN primitive contains the
comma character. The comma sequence is the first seven bits of the encoded character.

4.1.11 comma sequence

The comma sequence is a seven-bit sequence of 0011111 or 1100000 in an encoded stream. The
comma sequence is unique in that it appears only in a single encoded character, and furthermore,
cannot appear in any subset of bits in adjacent encoded characters. This unigque property allows the
comma sequence to be used for determining alignment of the received data stream.
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4.1.12 command aborted

Command aborted is command completion with ABRT set to one in the Error register, and ERR set to
one in the Status register.

4.1.13 command completion

Command completion describes the completion of an action requested by command, applicable to
the device. Command completion also applies to the case where the command has terminated with
an error, and the following actions occurred:

a) the appropriate bits of the Status Register have been updated.
b) BSY & DRQ have been cleared to zero
c) assertion of INTRQ (if nlEN is active -low), assuming that the command

protocol specifies INTRQ to be asserted.

In Serial ATA, the register contents are transferred to the host using a Register - Device-to-Host FIS.

4.1.14 command packet

A command packet is a data structure transmitted to the device by a PACKET command that includes
the command and command parameters.

4.1.15 Control Block registers
Control Block registers are interface registers used for device control and to post alternate status.

4.1.16 control character
A control character is a combination of a byte value with the control variable equal to K.

4.1.17 control variable

The control variable, Z, is a flag that determines the code set to be used to interpret a data byte. The
control variable has the value D (for data characters) or K (for control characters).

4.1.18 CRC

In Serial ATA a 32-bit CRC is calculated over the contents of a Frame Information Structure. The
Serial ATA CRC is the Dword in a frame that immediately precedes the EOF primitive.

4.1.19 data character
A data character is a combination of a byte value with the control variable equal to D.

4.1.20 device

Device is a storage peripheral. 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.

4.1.21 DMA (direct memory access)

Direct memory access is a means of data transfer between device and host memory without host
processor intervention.
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4.1.22 Dword

A Dword is thirty-two (32) bits of data. A Dword may be represented as 32 bits, as two adjacent
words, or as four adjacent bytes. When shown as bits the least significant bit is bit 0 and most
significant bit is bit 31. The most significant bit is shown on the left. When shown as words the least
significant word (lower) is word 0 and the most significant (upper) word is word 1. When shown as
bytes the least significant byte is byte 0 and the most significant byte is byte 3. See Figure 1 for a
description of the relationship between bytes, words, and Dwords. Dwords are aligned on four byte
boundaries to a zero reference defined by a comma character.

4.1.23 Dword synchronization

The state in which a receiver has recognized the comma sequence and is producing an aligned data
stream of Dwords (four contiguous bytes) from the zero-reference of the comma character.

4.1.24 encoded character

An encoded character is the output of the 8b/10b encoder — the result of encoding a character. An
encoded character consists of 10 bits, where bit 0 is the most significant bit and bit 9 is the least
significant. The bits in an encoded character are symbolically referred to as “abcdeifghj” where “a”

corresponds to bit O and “” corresponds to bit 9. Case is significant. Note the out-of-order
representation. See Figure 1 for a description of the relationship between bytes, characters and
encoded characters.

4.1.25 elasticity buffer

The elasticity buffer is a portion of the receiver where character slipping and/or character alignment is
performed.

4.1.26 First-party DMA access
First-party DMA access is a method by which a device accesses host memory.

4.1.27 First-party DMA mode

A device which is operating in First-party DMA mode uses First-party DMA as a primary
communications method between the host and the device. A software driver uses legacy mode
commands to place the device into First-party DMA mode of operation. The legacy-mode command
to place the device into the First-party DMA mode of operation and the command protocol used
between a device and host when in First-party DMA mode are not specified by this specification.

4.1.28 FIS
See Frame Information Structure.

4.1.29 Frame Information Structure
The user payload of a frame, does not include the SOF, CRC, and EOF delimiters.

4.1.30 frame

A frame is an indivisible unit of information exchanged between a host and device. A frame consists
of a SOF primitive, a Frame Information Structure, a CRC calculated over the contents of the FIS,
and an EOF primitive.
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4.1.31 interrupt pending

Interrupt pending is an internal state of the device that exists when the device protocol requires the
device to notify the host of an event by asserting INTRQ, given the condition where nlEN is asserted
active-low to zero.

4.1.32 legacy device
A legacy device is a device which operates in legacy mode.

4.1.33 legacy mode

Legacy mode is the mode of operation which provides software-transparent communication of
commands and status between a host and device using the ATA Command Block and Control Block
registers.

4.1.34 legal character

A legal character is one for which there exists a valid decoding, either into the data character or
control character fields. Due to running disparity constraints not all 10-bit combinations result in a
legal character. Additional usage restrictions in Serial ATA result in a further reduction in the SATA
defined control character space.

4.1.35 LFSR
See Section 7.4.5

4.1.36 PIO (programmed input/output)

P1O is a means of accessing device registers. PIO is also used to describe one form of data
transfers. PIO data transfers are performed by the host processor utilizing PIO register accesses to
the Data register.

4.1.37 primitive

A primitive is a single Dword of information that consists of a control character in byte O followed by
three additional data characters in bytes 1-3.

4.1.38 sector
A sector is a uniguely addressable set of predetermined size, usually 256 words (512 bytes).

4.1.39 Shadow Register Block registers

Shadow Register Block registers are interface registers used for delivering commands to the device
or posting status from the device.

4.1.40 unrecoverable error

An unrecoverable error is defined as having occurred at any point when the device sets either the
ERR bit or the DF bit to one in the Status register at command completion.

4.1.41 word

A word is sixteen (16) bits of data. A word may be represented as 16 bits or as two adjacent bytes.
When shown as bits the least significant bit is bit 0 and most significant bit is bit 15. The most
significant bit is shown on the left. When shown as bytes the least significant byte (lower) byte is
byte 0 and the most significant byte (upper) byte is byte 1. See Figure 1 for a description of the
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relationship between bytes, words and Dwords. The definition of a word in Serial ATA is the same as
the definition of a word in ATA.

4.2 Conventions

Lowercase is used for words having the normal English meaning. Certain words and terms used in
this document have a specific meaning beyond the normal English meaning. These words and terms
are defined either in clause 4.1 or in the text where they first appear.

The names of abbreviations, commands, fields, and acronyms used as signal names are in all
uppercase (e.g., IDENTIFY DEVICE). Fields containing only one bit are usually referred to as the
"name" bit instead of the "name" field.

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

421 Precedence

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

4.2.2 Keywords
Several keywords are used to differentiate between different levels of requirements and optionality.

4.2.2.1 expected

A keyword used to describe the behavior of the hardware or software in the design models assumed
by this standard. Other hardware and software design models may also be implemented.

4.2.2.2 mandatory
A keyword indicating items to be implemented as defined by this standard.

4.2.2.3 may
A keyword that indicates flexibility of choice with no implied preference.

4224 obsolete:

A keyword used to describe bits, bytes, fields, and code values that no longer have consistent
meaning or functionality from one implementation to another. However, some degree of functionality
may be required for items designated as “obsolete” to provide for backward compatibility. An
obsolete bit, byte, field, or command shall never be reclaimed for any other use in any future
standard. Bits, bytes, fields, and code values that had been designated as “obsolete” in previous
standards may have been reclassified as “retired” in this standard based on the definitions herein for
“obsolete” and “retired”.

4.2.25 optional

A keyword that describes features that is not required by this standard. However, if any optional
feature defined by the standard is implemented, the feature shall be implemented in the way defined
by the standard.
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4226 retired

A keyword indicating that the designated bits, bytes, 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, fields, or code values are utilized before they are reclaimed, they
shall have the meaning or functionality as described in previous standards.

4227 reserved

A keyword indicating reserved bits, bytes, words, fields, and code values that are set-aside for future
standardization. Their use and interpretation may be specified by future extensions to this or other
standards. A reserved bit, byte, word, or field shall be set to zero, or in accordance with a future
extension to this standard. The recipient shall not check reserved bits, bytes, 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.

4.2.2.8 shall

A keyword indicating a mandatory requirement. Designers are required to implement all such
mandatory requirements to ensure interoperability with other standard conformant products.

4229 should

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

4.2.3 Numbering

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

4.2.4 Signal conventions
Signal names are shown in all uppercase letters.

All signals are either high active or low active signals. A Number Sign character (#) at the end of a
signal name indicates the signal is a low active signal.

425 Bit conventions

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

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

Bit setting=1
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4.2.6 State diagram conventions

For each function to be completed a state machine approach is used to describe the sequence
requirements. Each function is composed of several states to accomplish a set goal. Each state of the
set is described by an individual state table. Table 1 below shows the general layout for each of the
state tables that comprise the set of states for the function.

Table 1 — State Table Cell Description

State name or identifier Action listpp |w]
Branch condition 0 ® Next state 0
Branch condition 1 ® Next state 1

Each state is identified by a state designator and a state name. The state designator is unigue among
all states in all state diagrams in this document. The state designator consists of a set of letters that
are capitalized in the title of the figure containing the state diagram followed by a unique number. The
state name is a brief description of the primary action taken during the state, and the same state
name may appear in other state diagrams. If the same primary function occurs in other states in the
same state diagram, they are designated with a unique letter at the end of the name. Additional
actions may be taken while in a state and these actions are described in the state description text.

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

It is assumed that all actions are executed within a state and that transitions from state to state are
instantaneous.
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4.2.7 Timing conventions

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

/ or \ - signal transition (asserted or negated)

< or > - data transition (asserted or negated)

—<:>— - data valid

XXXX - undefined but not necessarily released
- asserted, negated or released

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

All signals are shown with the asserted condition facing to the top of the page. The negated condition
is shown towards the bottom of the page relative to the asserted condition.

The interface uses a mixture of negative and positive signals for control and data. The terms
asserted and negated are used for consistency and are independent of electrical characteristics.

In all timing diagrams, the lower line indicates negated, and the upper line indicates asserted. The
following illustrates the representation of a signal named TEST going from negated to asserted and
back to negated, based on the polarity of the signal.

Assert Negate
TEST | |
> Vin
< Vi / \
Assert Negate

TEST- | |

<V;
> Vi / \

In the case of the Serial ATA interface itself, all signals are differential. Each signal is actually
transmitted or received on two lines and the state of the signal is determined by the relationship of
these lines to each other rather than to a reference ground. These two line are named the same
except the names end in either “+” or *“. The above symbols are used when representing these
signals however, assertion of a differential signal is assumed to mean that the “+” signal line is
positive in relation to the “-* line. In other words, if the signal is “TX”, assertion means that the voltage
on TX+ minus the voltage on TX- results in a positive number. Conversely, negation means that the
result is a negative number.
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4.2.8 Byte, word and Dword Relationships

Figure 1 — Byte, word and Dword relationships illustrates the relationship between bytes, words and
Dwords.

7 6 54 3 2 10

Byte
111111
54 3 2 1 09 8 7 6 5 4 3 2 10
Word
Byte 1 Byte O
3322 2222222211111 11111
109 87 65 43 210987 6543 2109876543210
DWord
Word 1 Word 0
Byte 3 Byte 2 Byte 1 Byte O

Figure 1 — Byte, word and Dword relationships
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5 General overview

Serial ATA is a high-speed serial link replacement for the parallel ATA attachment of mass storage
devices. The serial link employed is a high-speed differential layer that utilizes Gigabit technology and

8b/10b encoding.

Figure 2 — Standard ATA device connectivity illustrates how two devices are connected to a standard
ATA host adapter. This method allows up to two devices to be connected to a single port using a
Master/Slave communication technique. Each device is connected via a ribbon cable that “daisy

chains” the devices.

Operating system

Application 1

Application 2 Driver

Application 3

Standard
ATA
adapter

Figure 2 — Standard ATA device connectivity
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Figure 3 — Serial ATA connectivity illustrates how the same two devices are connected using a Serial
ATA host adapter. In this diagram the dark grey portion is functionally identical to the dark grey
portion of the previous diagram. Legacy host software that is only ATA aware accesses the Serial
ATA subsystem in the exact same manner and will function correctly. In this case, however, the
software views the two devices as if they were “masters” on two separate ports. The right hand
portion of the host adapter is of a new design that converts the normal operations of the software into
a serial data/control stream. The Serial ATA structure connects each of the two drives with their own
respective cables in a point-to-point fashion.

Operating System

Serial
Application 1 ATA

Adapter
Application 2 Driver W
Application 3 W

Figure 3 — Serial ATA connectivity
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5.1 Sub-module operation

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 control state machine controls the operation(s) relating to the host platform. The
two state machines coordinate their actions and utilize resources to transfer data between a host
computer and attached mass storage device. The host Link state machine communicates via the
serial line to a corresponding Link state machine located in the device. The host Transport machine
also likewise communicates with a corresponding device Transport state machine. The two Link state
machines ensure that control sequences between the two Transport control state machines are
properly exchanged. Figure 4 shows how the machines communicate their various needed
parameters in the traditional layered model. Each layer communicates with its counterpart directly or

indirectly

Application :

Host (standard) layer 4 Device
Software control «------------ »> Software control
Buffer memory Buffer memory
DMA enaine(s) DMA engine(s)
Transport
Serial digital transport layer 3 Serial digital transport
control (Section8- ™~~~ ~—T=TT=7==="~" P control (Section 8 -
Transport laver) Transport laver)
Link
Serial digital link layer 2 Serial digital link
control (Section7- < --—-——-—-------- ®  control (Section 7 -
Link layer) Link layer)

. : Physical . :

Serial physical laver 1 Serial physical
interface plant ‘ Y . interface plant
(Section 6 - Physical (Section 6 - Physical
laver) laver)

Host located layers Device located layers

Figure 4 — Communication layers

The host interacts with the Transport control state machine through a register interface that is
equivalent to that presented by a traditional parallel ATA host adapter. The host software follows
existing standards and conventions when accessing the register interface and follows standard
command protocol conventions. The Transport control state machine breaks down these operations
into a sequence of actions that are exchanged with the Link state machine. The Transport control
state machine uses resources located in the ATA interface sub-module to perform its operations.
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5.2 Standard ATA Emulation

Emulation of parallel ATA device behavior as perceived by the host BIOS or software driver, is a
cooperative effort between the device and the Serial ATA 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 Register Block. All Serial ATA devices behave like Device 0
devices. Devices shall ignore the DEV bit in the Device/Head field of received Register FIS’s, and it is
the responsibility of the host adapter to gate transmission of Register FIS’s 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 value 0x7Fh in its
Status shadow register and shall place the value OxFFh in all the other taskfile registers (OXxFFFFh in
the Data register). In this state the host bus adapter shall not accept writes to the taskfile shadow
registers. When the Phy detects presence of an attached device, the host bus adapter shall now set
bit 7 in the Status shadow register yielding the value OxFFh, and the host bus adapter shall now allow
writes to the shadow taskfile registers. If a device is present, the Phy shall take no longer than 10 ms
to indicate that it has detected the presence of a device, and has set bit 7 in the Status shadow
register. When the attached device establishes communication with the host bus adapter, it shall
send a register FIS to the host, resulting in the shadow registers being updated with values
appropriate for the attached device.

The host adapter may present a Master-only emulation to host software, that is, each device is a
Device 0, and each Device O is accessed at a different set of host bus addresses. The host adapter
may optionally present a Master/Slave emulation to host software, that is, two devices on two
separate Serial ATA ports are represented to host software as a Device 0 and a Device 1 accessed
at the same set of host bus addresses.

5.2.1 Master-only emulation

A native Serial ATA host adapter behaves the same as if a legacy master only device were attached
with no slave 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 ATA devices, therefore, need
not be aware of master / slave issues and ignore legacy task file information that deal with a
secondary device. When the DEV bit in the Device/Head register s 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 ATA standard. This includes not setting the BSY
bit in the shadow Status register when Device 1 is selected, as described in the ATA standard. When
Device 0 is selected, the host adapter shall execute the Serial ATA protocols for managing the
shadow register contents as defined in later sections.

When Device 0 is selected and the Command register is written in the Shadow Register 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 register contents. When the Device Control register is written in the
Shadow Register Block with a change of state of the SRST bit, the host adapter sets the BSY bit in its
shadow Status register and transmit a frame to the device containing the new register contents.
Transmission of register contents when the Device Control register is written with any value that is not
a change of state of the SRST bit shall not set the BSY bit in the shadow Status register, and
transmission of a frame to the device containing new register contents is optional. Similarly, the host
adapter sets the BSY bit in its shadow Status register to one when a COMRESET is requested or the
SRST bit is set to one in the Device Control register. The expected timing for BSY bit assertion is
thereby preserved.
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The device updates the contents of the host adapter Shadow Register Block by transmitting a register
frame to the host. This allows the device to set the proper ending status in the host adapter Shadow
Register Block at the completion of a command or control request. Specific support is added to
ensure proper timing of the DRQ and BSY bits in the Status register for PIO transfers.

Finally the host adapter cooperates with the device by providing an interrupt pending flag in the host
adapter. This flag is set by the host adapter when the device sends a serial bus frame including the
request to set the interrupt pending flag. The host adapter asserts the interrupt to the host processor
any time the interrupt pending flag is set, the DEV bit is cleared to zero in the shadow Device/Head
register, and the nlEN bit in the shadow Device Control register is cleared to zero. The host adapter
clears the interrupt pending flag any time a COMRESET is requested, the SRST bit in the shadow
Device Control register is set to one, the shadow Command register is written with DEV cleared to
zero, or the shadow Status register is read with DEV cleared to zero. This allows the emulation of the
host interrupt and its proper timing.

5.2.2 Master/Slave emulation (optional)

All devices behave as if they are Device 0 devices. However, the host adapter may optionally
implement emulation of the behavior of a Master/Slave configuration by pairing two Serial ATA ports,
and managing their associated shadow registers accordingly, as though they were a Device 0 and
Device 1 at the same set of host bus addresses.

A host adapter that emulates Master/Slave behavior shall manage the two sets of shadow registers
(one set for each of the two devices) based on the value of the DEV bit in the shadow Device/Head
register. Based on the value of the DEV bit, the host adapter shall direct accesses to the Shadow
Register Block Registers, and accesses to the Control Block Registers, to the appropriate set of
shadow registers in the correct device. It is the responsibility of the host adapter to ensure that
communication with one or both of the attached devices is handled properly, and that information gets
routed to the devices correctly. Each device shall process any communication with the host adapter
as if it is targeted for the device regardless of the value of the DEV bit.

If a host adapter is emulating Master/Slave 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 ATA standard.

5.2.2.1 Software reset

Host adapters that emulate Master/Slave behavior shall emulate proper 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 Master/Slave emulation configuration. Device Control Register writes, that
have the SRST bit set to one, shall result in the associated shadow register 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 each attached device. The host adapter shall then await a response from each attached
device (or timeout), and shall merge the contents of the Error and Status registers for the attached
devices, in accordance with the ATA standard, to produce the Error and Status register values visible
to host software.

5.2.2.2 EXECUTE DEVICE DIAGNOSTICS

Host adapters that emulate Master/Slave behavior shall emulate proper behavior for EXECUTE
DEVICE DIAGNOSTICS. The host adapter shall detect the EXECUTE DEVICE DIAGNOSTIC
command being written to the Command register. Detecting the EXECUTE DEVICE DIAGNOSTICS
command shall result in the associated shadow register being written for each port to which a device



HIGH SPEED SERIALIZED AT ATTACHMENT Page: 28
Serial ATA Workgroup

is attached. The frame transmission protocol for each associated port executed, results in a Register
FIS being transmitted to each attached device. The host adapter shall then await response from each
attached device (or timeout), and shall merge the contents of the Error and Status registers for the
attached devices, in accordance with the ATA standard to produce the Error and Status register
values visible to host software.

5.2.2.3 Restrictions and limitations

Superset capabilities that are unique to Serial ATA and not supported by legacy parallel ATA are not
required to be supported in Master/Slave emulation mode. Such capabilities include support for first-
party DMA, dynamic plug/unplug, fine-grained interface power management, and superset status and
control information. Master/Slave emulation is recommended only in configurations where legacy
software drivers are used and the number of attached devices exceeds the number of taskfile

interfaces the legacy software supports.
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5.2.3 Standard ATA interoperability state diagrams

This state diagram defines the protocol of the host adapter to emulate Master only legacy ATA
devices as seen from the host BIOS or software driver. The interrupt pending flag (IPF) is an internal
state bit in the host adapter that reflects whether or not the device has an interrupt pending to the

host.
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HAO: HA_SEL/NOINTRQ

| The interrupt signal is not asserted to the host.

1. COMRESET requested by the host. ® | HA_SEL/NOINTRQ

2. Device Control register written by the host with SRST=0 HA_SEL/NOINTRQ
and (nIEN=1 or IPF=0).

3. Device Control register written by the host with SRST=0 | ® [ HA_SEL/INTRQ
and (nNIEN=0 and IPF=1).

4. Device Control register written by the host with SRST=1. | ® | HA_SEL/NOINTRQ

5. Command register written by the host. ® | HA_SEL/NOINTRQ

6. Device/Head register written by the host with DEV = 1. ® | HA_NOTSEL

7. Any other register read or wite by the host ® | HA_SEL/NOINTRQ

8. Transport layer indicates new register content from the | ® | HA_SEL/NOINTRQ
device with no set IPF flag.

9. Transport layer indicates new register content from the | ® | HA_SEL/NOINTRQ
device with set IPF flag and nIEN=1.

10. Transport layer indicates new register content from the | ® | HA_SEL/INTRQ
device with set IPF flag and nIEN=0.

HALl: HA_SEL/INTRQ

| The interrupt signal is asserted to the host.

1. COMRESET requested by the host. ® | HA_SEL/NOINTRQ

2. Device Control register written by the host with SRST=0 [ ® [ HA_SEL/NOINTRQ
and (nlIEN=1 or IPF=0).

3. Device Control register written by the host with SRST=0 | ® [ HA_SEL/INTRQ
and (nlEN=0 and IPF=1).

4. Device Control register written by the host with SRST=1. | ® | HA_SEL/NOINTRQ

5. Command register written by the host. ® | HA_SEL/NOINTRQ

6. Device/Head register written by the host with DEV = 1. ® | HA_NOTSEL

7. Status register read by the host ® | HA_SEL/NOINTRQ

8. Any other register write by the host ® | HA_SEL/INTRQ

9. Any other register read by the host ® | HA_SEL/INTRQ

10. Transport layer indicates new register content from the | ® | HA_SEL/INTRQ
device.




HIGH SPEED SERIALIZED AT ATTACHMENT Page: 30
Serial ATA Workgroup

HA2: HA_NOTSEL The interrupt signal is not asserted to the host.

1. COMRESET requested by the host. ® | HA_SEL/NOINTRQ

2. Device Control register written by the host with SRST = | ® | HA_NOTSEL
0.

3. Device Control register written by the host with SRST = | ® | HA_SEL/NOINTRQ
1.

4. Command register written by the host with command | ® | HA_NOTSEL
other than EXECUTE DEVICE DIAGNOSTIC.

5. Command register written by the host with command | ® | HA_SEL/NOINTRQ
EXECUTE DEVICE DIAGNOSTIC.

6. Device/Head register written by the host with DEV =0 | ® | HA_SEL/NOINTRQ
and (nIEN=1 or IPF=0).

7. Device/Head register written by the host with DEV = 0 | ® | HA_SEL/INTRQ
and (nlIEN=0 and IPF=1).

8. Any other register write by the host ® | HA_NOTSEL

9. Read of Status or Alternate Status register by the host. ® | HA_NOTSEL

10. Read of any other register by the host. ® | HA_NOTSEL

11. Transport layer indicates new register content from the [ ® | HA_NOTSEL
device.

HAO: HA_SEL/NOINTRQ state: This state is entered when Device 0 is selected and either IPF
is cleared to zero or nlEN is set to one.

When in this state, the interrupt signal to the host shall not be asserted.

Transition HAO:1: When a COMRESET is requested by the host, the host adapter shall set BSY to
one in the shadow Status register, clear IPF to zero, notify the Link layer to have a bus COMRESET
asserted, and make a transition to the HAO: HA_SEL/NOINTRQ state.

Transition HAO:2: When the Device Control register is written by the host with SRST cleared to zero
and either nlEN set to one or IPF is cleared to zero, the host adapter shall notify the Transport layer
to send a ContrlFIS with the current content of the shadow registers, and make a transition to the
HAO: HA_SEL/NOINTRQ state.

Transition HAO:3: When the Device Control register is written by the host with SRST cleared to zero,
nlEN cleared to zero, and IPF is set to one, the host adapter shall notify the Transport layer to send a
ContrlFIS with the current content d the shadow registers, and make a transition to the HAL:
HA_SEL/INTRQ state.

Transition HAO:4: When the Device Control register is written by the host with SRST set to one, the
host adapter shall set BSY to one in the shadow Status register, clear IPF to zero, notify the
Transport layer to send a ContrlFIS with the current content of the shadow registers, and make a
transition to the HAO: HA_SEL/NOINTRQ state.

Transition HAO0:5: When the Command register is written by the host, the host adapter shall set BSY
to one in the shadow Status register, clear IPF to zero, notify the Transport layer to send a CmdFIS
with the current content of the shadow registers, and make a transition to the HAO:
HA_SEL/NOINTRQ state.

Transition HAO0:6: When the Device/Head register is written by the host with DEV set to one, the
host adapter shall make a transition to the HA2: HA_NOTSEL state.
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Transition HAO:7: When any register is written by the host other than those described above, the
host adapter shall make a transition to the HAO: HA_SEL/NOINTRQ state.

Transition HAO0:8: When the Transport layer indicates new register content from the device with no
set IPF flag, the host adapter shall place the new register content into the shadow registers and make
a transition to the HAO: HA_SEL/NOINTRQ state.

Transition HA0:9: When the Transport layer indicates new register content from the device with set
IPF flag and nIEN is set to one, the host adapter shall set IPF to one, place the new register content
into the shadow registers, and make a transition to the HAO: HA_SEL/NOINTRQ state.

Transition HAO0:10: When the Transport layer indicates new register content from the device with set
IPF flag and nlEN is cleared to zero, the host adapter shall set IPF to one, place the new register
content into the shadow registers, and make a transition to the HAL: HA_SEL/INTRQ state.

HALl: HA SEL/INTRQ state: This state is when DEVICE 0 is selected, nlEN is cleared to zero,
and IPF is set to one.

When in this state, the interrupt signal to the host shall be asserted.

Transition HA1:1: When a COMRESET is requested by the host, the host adapter shall set BSY to
one in the shadow Status register, clear IPF to zero, notify the Link layer to have a bus COMRESET
asserted, and make a transition to the HAO: HA_SEL/NOINTRQ state.

Transition HA1:2: When the Device Control register is written by the host with SRST cleared to zero,
with nIEN set to one or IPF cleared to zero, the host adapter shall notify the Transport layer to send a
ContrlFIS with the current content of the shadow registers, and make a transition to the HAO:
HA_SEL/NOINTRQ state.

Transition HA1:3: When the Device Control register is written by the host with SRST cleared to zero
with nlEN cleared to zero and IPF set to one, the host adapter shall notify the Transport layer to send
a ContrlFIS with the current content of the shadow registers, and make a transition to the HA1:
HA_SEL/INTRQ state.

Transition HA1:4: When the Device Control register is written by the host with SRST set to one, the
host adapter shall set BSY to one in the shadow Status register, clear IPF to zero, notify the
Transport layer to send a ContrlFIS with the current content of the shadow registers, and make a
transition to the HAO: HA_SEL/NOINTRQ state.

Transition HA1:5: When the Command register is written by the host, the host adapter shall set BSY
to one in the shadow Status register, clear IPF to zero, notify the Transport layer to send a CmdFIS
with the current content of the shadow registers, and make a transition to the HAO:
HA_SEL/NOINTRQ state.

Transition HA1:6: When the Device/Head register is written by the host with DEV set to one, the
host adapter shall make a transition to the HA2: HA_NOTSEL state.

Transition HAL1:7: When the Status register is read by the host, the host adapter shall clear IPF to
zero and make a transition to the HAO: HA_SEL/NOINTRQ state.

Transition HA1:8: When any register is written by the host other than those described above, the
host adapter shall make a transition to the HA1: HA_SEL/INTRQ state.

Transition HA1:9: When any register is read by the host other than that described above, the host
adapter shall make a transition to the HA1: HA_SEL/INTRQ state.
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Transition HA1:10: When the Transport layer indicates new register content from the device, the
host adapter shall place the new register content into the shadow registers and make a transition to
the HALl: HA_SEL/INTRQ state.

HA2: HA_NOTSEL state: This state is entered when DEVICE 1 is selected.
When in this state, the interrupt signal to the host shall not be asserted.

Transition HA2:1: When a COMRESET is requested by the host, the host adapter shall set BSY to
one in the shadow Status register, clear DEV to zero in the shadow Device/Head register, clear IPF to
zero, notify the Link layer to have a bus COMRESET asserted, and make a transition to the HAO:
SEL/NOINTRQ state.

Transition HA2:2: When the Device Control register is written by the host with SRST cleared to zero,
the host adapter shall notify the Transport layer to send a ContrlFIS with the current content of the
shadow registers, and make a transition to the HA2: HA_NOTSEL state.

Transition HA2:3: When the Device Control register is written by the host with SRST set to one, the
host adapter shall set BSY to one in the shadow Status register, clear DEV to zero in the shadow
Device/Head register, clear IPF to zero, notify the Transport layer to send a ContrlFIS with the current
content of the shadow registers, and make a transition to the HAO: HA_ SEL/NOINTRQ state.

Transition HA2:4: When the Command register is written by the host with any command code other
than EXECUTE DEVICE DIAGNOSTIC, the host adapter shall not set BSY in the shadow Status
register and shall make a transition to the HA2: HA_NOTSEL state.

Transition HA2:5: When the Command register is written by the host with the EXECUTE DEVICE
DIAGNOSTIC command code, the host adapter shall set BSY to one in the shadow Status register,
clear DEV to zero in the Device/Head register, clear IPF to zero, notify the Transport layer to send a
CmdFIS with the current content of the shadow registers, and make a transition to the HAO:
HA_SEL/INTRQ state.

Transition HA2:6: When the Device/Head register is written by the host with DEV cleared to zero
and either nlEN is set to one or IPF is cleared to zero, the host adapter shall make a transition to the
HAO: HA_SEL/NOINTRQ state.

Transition HA2:7: When the Device/Head register is written by the host with DEV cleared to zero,
nlEN cleared to zero, and IPF is set to one, the host adapter shall make a transition to the HAL:
HA_SEL/INTRQ state.

Transition HA2:8: When any register is written by the host other than those described above, the
host adapter shall make a transition to the HA2: HA_NOTSEL state.

Transition HA2:9: When the Status or Alternate Status register is read by the host, the host shall
return register content 00h to the host and make a transition to the HA2: HA_NOTSEL state.

Transition HA2:10: When any register is read by the host other than that described above, the host
adapter shall return the current shadow register content to the host and make a transition to the HA2:
HA_NOTSEL state.

Transition HA2:11: When the Transport layer indicates new register content from the device, the
host adapter shall place the new register content into the shadow registers and make a transition to
the HA2: HA_NOTSEL state.
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5.2.4

IDENTIFY DEVICE command

In the IDENTIFY DEVICE command various parameters are communicated to the host from the
device. The following sections define those words that are different from and additions to the
ATA/ATAPI-5 standard definition of the data contents.

Table 2 — IDENTIFY DEVICE information

Word FIV
0-46 Set as indicated in ATA/ATAPIS
47
F 15-8 80h
R 7-0 00h = Reserved
01h-FFh = Maximum number of sectors that shall be transferred per interrupt
on READ/WRITE MULTIPLE commands
48 Set as indicated in ATA/ATAPIS
49 Capabilities
R 15-14 Reserved for the IDENTIFY PACKET DEVICE command.
F 13 1=Standby timer values as specified in this standard are supported
0=Standby timer values shall be managed by the device
R 12 Reserved for the IDENTIFY PACKET DEVICE command.
F 11 1=IORDY supported
0=IORDY may be supported
F 10 1=IORDY may be disabled
R 9 Shall be set to one. Utilized by IDENTIFY PACKET DEVICE command.
R 8 Shall be set to one. Utilized by IDENTIFY PACKET DEVICE command.
X 7-0 Retired
50-52 Set as indicated in ATA/ATAPLIS
53 R 15-3 Reserved
F 2 1=the fields reported in word 88 are valid
O=the fields reported in word 88 are not valid
F 1 1=the fields reported in words 64-70 are valid
O=the fields reported in words 64-70 are not valid
\% 0 1=the fields reported in words 54-58 are valid
O=the fields reported in words 54-58 may be valid
54-62 Set as indicated in ATA/ATAPL5
63 15-3  Set as indicated in ATA/ATAPES
F 2 1= Multiword DMA mode 2 and below are supported
F 1 1= Multiword DMA mode 1 and below are supported
F 0 1= Multiword DMA mode 0 is supported
64 15-2  Set as indicated in ATA/ATAPES
F 1-0 P10 modes 3 and 4 supported
65 Minimum Multiword DMA transfer cycle time per word
F 15-0 Cycle time in nanoseconds
66 Manufacturer’s recommended Multiword DMA transfer cycle time
F 15-0 Cycle time in nanoseconds
67 Minimum PIO transfer cycle time without flow control
F 15-0 Cycle time in nanoseconds
68 Minimum PIO transfer cycle time with IORDY flow control
F 15-0 Cycle time in nanoseconds
69-87 Set as indicated in ATA/ATAPL5
88 15-5 Set as indicated in ATA/ATAPES
F 4 1=Ultra DMA mode 4 and below are supported
F 3 1=Ultra DMA mode 3 and below are supported
F 2 1=Ultra DMA mode 2 and below are supported
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F
F

1
0

1=Ultra DMA mode 1 and below are supported
1=Ultra DMA mode 0 is supported

89-92

Set as indicated in ATA/ATAPL5

93

COMRESET result. The contents of this word shall be set to zero.

94-255

Set as indicated in ATA/ATAPLE5
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Key:

F = the content of the word is fixed and does not change. For removable media devices, these values may
change when media is removed or changed.

V = the contents of the word is variable and may change depending on the state of the device or the
commands executed by the device.

X = the content of the word is vendor specific and may be fixed or variable.

R = the content of the word is reserved and shall be zero.

5.2.4.1 Word 0 - 46:; Set as indicated in ATA/ATAPI-5

5.2.4.2 Word 47: Multiword PIO transfer

Bits 15 through 8 of word 47 shall be set as indicated in ATA/ATAPLS.

Bits 7 through O are used to indicate the maximum number of sectors that shall be transferred per
interrupt on READ/WRITE MULTIPLE commands. This field should be set to 16 or less. See section
8.5.8.1.

5.2.4.3 Word 48: Set as indicated in ATA/ATAPI-5

5.2.4.4 Word 49: Capabilities
Bits 15 through 12 of word 49 shall be set as indicated in ATA/ATAPI-5.

Bit 11 of word 49 is used to determine whether a device supports IORDY. This bit shall be set to one,
indicating the device supports IORDY operation.

Bit 10 of word 49 is used to indicate a device’s ability to enable or disable the use of IORDY. This bit
shall be set to one, indicating the device supports the disabling of IORDY. Disabling and enabling of
IORDY is accomplished using the SET FEATURES command.

Bits 9 through O of word 49 shall be set as indicated in ATA/ATAPES.

5.2.45 Words 50 -52: Set as indicated in ATA/ATAPI-5

5.2.4.6 Word 53: Field validity

Bit 0 of word 53 shall be set to one, indicating the values reported in words 54 through 58 are valid.
Bit 1 of word 53 shall be set to one, the values reported in words 64 through 70 are valid. Any device
that supports PIO mode 3 or above, or supports Multiword DMA mode 1 or above, shall set bit 1 of
word 53 to one and support the fields contained in words 64 through 70. Bit 2 of word 53 shall be set
to one indicating the device supports Ultra DMA and the values reported in word 88 are valid. Bits 15-
3 are reserved.

5.2.4.7 Word 54 - 62: Set as indicated in ATA/ATAPI-5

5.2.4.8 Word 63: Multiword DMA transfer

Bits 2 - 0 of word 63 shall be set to one indicating that the device supports Multiword DMA modes 0,
1, and 2. Bits 15 — 3 shall be set as indicated in ATA/ATAPES.
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5.2.4.9 Word 64: PIO transfer modes supported

Bits 1 - O of word 64 shall be set to one indicating that the device supports PIO modes 3 and 4. Bits
15 — 2 shall be set as indicated in ATA/ATAPI-5.

5.2.4.10 Word 65: Minimum Multiword DMA transfer cycle time per word
Shall be set to indicate 120 ns.

5.2.4.11 Word 66: Device recommended Multiword DMA cycle time
Shall be set to indicate 120 ns.

5.2.4.12 Word 67: Minimum PIO transfer cycle time without flow control
Shall be set to indicate 120 ns.

5.2.4.13 Word 68: Minimum PIO transfer cycle time with IORDY
Shall be set to indicate 120 ns.

5.2.4.14 Words 69-87: Set as indicated in ATA/ATAPI-5

5.2.4.15 Word 88: Ultra DMA modes

Bits 4 - 0 of word 88 shall be set to one indicating that the device supports Ultra DMA modes 0, 1, 2,
3, and 4. Bits 15 — 5 shall be set as indicated in ATA/ATAPLS5.

5.2.4.16 Word 89 - 92: Set as indicated in ATA/ATAPI-5

5.2.4.17 Word 93: Hardware configuration test results
Word 93 shall be set to 0000h indicating that the word is not supported.

5.2.4.18 Words 94-255: Set as indicated in ATA/ATAPI-5



HIGH SPEED SERIALIZED AT ATTACHMENT Page: 37
Serial ATA Workgroup

6 Physical layer

6.1 Overview

This section describes the physical layer of Serial ATA. The information that is provided is comprised
of two types — informative and normative. Unless otherwise described, the information should be
considered normative in nature and is included in this document as a necessary requirement in order
to properly allow a piece of equipment to attach to another piece of equipment. The normative
information is deliberately structured to constrain and define areas only to the degree that is required
for compatibility. The information that is provided and marked informative is provided only to help the
reader better understand the normative sections and should be taken as examples only. Exact
implementations may vary.

6.2 List of services

Transmit a 1.5 Gb/sec differential NRZ serial stream at specified voltage levels
Provide a 100 Ohm matched termination (differential) at the transmitter
Serialize a 10, 20, 40, or other width parallel input from the Link for transmission
Receive a 1.5 Gb/sec +350/- 2650 ppm differential NRZ serial stream
Provide a 100 Ohm matched termination (differential) at the receiver
Extract data (and, optionally, clock) from the serial stream
Deserialize the serial stream
Detect the K28.5 comma character and provide a bit and word aligned 10, 20, 40, or other width
parallel output
Provide specified OOB signal detection and transmission
Perform proper power-on sequencing and speed negotiation
Provide device status to Link layer
device present
device absent
device present but failed to negotiate communications
Optionally support power management modes (note: if not supported, power management
requests must be properly rejected by the Link layer)
Optionally perform transmitter and receiver impedance calibration (if manufacturing tolerances
require)
Handle the input data rate frequency variation due to a spread spectrum transmitter clock
(Nominal +0/-0.5% slow frequency variation, over a 33.33 us up/down triangular wave period).
Accommodate request to go into Far-End retimed loopback test mode of operation when
commanded (exit this mode on OOB COMRESET/COMINIT)
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6.3 Cables and connectors specifications
6.3.1 Overview

This section covers Serial ATA connectors and cable assemblies. It defines the

Connector mating interfaces

Connector location on the device

Electrical, mechanical and reliability requirements of the connectors and cable
assemblies

Connector and cable testing procedures

It, however, does not define how the connector and cable assembly should be implemented, such as

The mounting feature of the connectors
The cabling and cable terminations
The methods on how the PCB connects to other components of the system

6.3.2 Objectives

The basic guidelines for Serial ATA connectors and cables are

Supporting 1.5 Gbps date rate with headroom for 3.0 Gbps speed
Cost competitive to Ultra ATA connector and cable

Facilitating smooth transition from Ultra ATA to Serial ATA
Common connector interface for both 2.5” and 3.5” devices

From those guidelines, the following connector and cable objectives are derived:

Minimal discontinuity at connectors

Good impedance control for cable

0 to 1 meter cable length

Low profile, fitting in the 2.5” drive

Blind-mateable

Hot-pluggable by means of staggered contacts

Supporting power delivery with 12.0 V, 5.0 V, and 3.3 V voltages

6.3.3 General descriptions

A Serial ATA device may be either directly connected to a host or connected to a host through a
cable.

For direct connection, the device plug connector, shown as (a) and (b) in Figure 5, is inserted directly
into a host receptacle connector, illustrated as (g) in Figure 5. The device plug connector and the
host receptacle connector incorporate features that enable the direct connection to be hot pluggable
and blind mateable.

For connection via cable, the device signal plug connector, shown as (a) in Figure 5, mates with the
signal cable receptacle connector on one end of the cable, illustrated as (c) in Figure 5. The signal
cable receptacle connector on the other end of the cable is inserted into a host signal plug connector,
shown as (f) in Figure 5. The signal cable wire consists of two twinax sections in a common outer
sheath.

Besides the signal c