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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Cowimittees
the IEEE Standards Board. Members of the committees serve voluntarily and withoansatign. They are not
necessarily members of the Institute. The standards developed within IEEE represeseasus of the broad
expertise on the subject within the Institute as well as those activities outside of IEEE thaiphasseel an interest

in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE &fadwkss not imply that there are no other
ways to produce, test, measure, purchase, market, or provide other goods and sereidds tetascope of the IEEE
Standard. Furthermore, the viewpoint expressed at the time dasfais approved and issued is subject to change
brought about through developments in the state of the art and comments receivecfsoof thee standard. Every
IEEE Standard is subjected to review at least every five years for revision onraiffir. When a document is more
than five years old and has not been reaffirmed, it is reasonable to concluile ¢batents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to d#tatritieg have the
latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested pantjleeg of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of textwitigether
appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portitasdefds as they relate to
specific applications. When the need for interpretations is brought to the attention othEH#EStitute will initiate
action to prepare appropriate responses. Since IEEE Standards representsusafsall concerned interests, it is
important to ensure that any interpretation has also received the coweunfea balance of interests. For this reason,
IEEE and the members of its societies and Standards Coordinating Committees alble notprovide an instant
response to interpretation requests except in those cases where the matter has previouestly fozoel
consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

Note: Attention is called to the possibility that implementation of this standard may rageioé subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be respdiasitdlentifying all patentd
for which a license may be required by an IEEE standard or for conducting inquiries intgatheal@lity or
scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted hijtukes Ins

of Electrical and Electronics Engineers, Inc., provided that the approfaéate paid to Copyright Clearance Center.

To arrange for payment of licensing fee, please contact Copyright Clearance Centere€8stwine, 222 Rosewood
Drive, Danvers, MA 01923 USA; (508) 750-8400. Permission to photocopy portions of any individual standard for
educational classroom use can also be obtained through the Copyright Clearaace Cent
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Introduction
(This introduction is not a part of IEEE Std 1394-1995, IEEE Standard for a High Performanc8&gjial

This standard describes a serial bus that provides the sameseawimodern IEEE-standard parallel buses, but at a
much lower cost. It has a 64-bit address space, control registers, and a refmbtivoferation set that conforms to
the IEEE Std 1212-1991, Command and Status Register (CSR) standard. This simplifies britggag bee Serial
Bus and the other interconnects using the IEEE 1212 architecture: IEEE Std 896-1991, FutfiraBui$EEE Std
1596-1992, Scalable Coherent Interface (SCI).

There are two physical environments for the Serial Bus: backplane bled The backplane environment uses two
single-ended signals on a broadcast multitapped bus using backplane transceiyBiflogar emitter coupled logic
(ECL) transceiver technology at 49.152 Mbit/s or enhanced transistor-transistor logic @dceiver technology at
24.576 Mbit/s. In all cases, bus arbitration on the backplane is done using a dominant-nwbit-degial approach.
The cable environment uses two low-voltage differential signals to connecésdé@via noncyclic topology at 98.304
Mbit/s, 196.608 Mbit/s, and 393.216 Mbit/s data rates. The cable arbitration systemaedf-configuring hierachical
request/grant protocol that supports hot plugging and widely varying physical topologies.

In addition to standard read/write/lock transactions, the Serial Bus provigesier time-based services, including
isochronous data transport (guaranteed latency and bandwidth) and an accurate submiqyiseidimdebase for
synchronizing events and data.

This standards effort started in 1986 at the request of the membership of the IEEEoMjouter Standards
Committee as an attempt to unify the different serial busses originally proposed as partseEthe1& VME, IEEE
1296 Multibus I, and IEEE 896 FutureBfefforts. The original chair was Michael Teener, and much of the original
architecture of this standard was invented by Mr. Teener, David James, and Dasits@udh particular, the fairness
and retry algorithms were originally proposed by David James during this early period.

As the proposed standard was developed, it attracted more interest from those that needed provecherternal
I/O interconnect for multimedia information and for mass storage. This added the requiremésosHanous
transport, much higher data rates, and a more rugged cable and connectori&yaieswer these needs

a) David James and Michael Teener developed a isochronous access protocos tbatpatible with the
existing fairness scheme. This protocol was simplified and enhanceddrepeabosals by Ed Gardner.

b) Roger Van Brunt and Florin Oprescu developed a much improved physical layer for the ciableremt,
which was capable of 400 Mbit/s peak rates using low-cost digital complimentary-symmeyoxide
semiconductor (CMOS) technology. Forrest Crowell further reduced the complexity of thepbabical
layer proposing the data-strobe encoding from INMOS. Florin Oprescu's self-configuring hierarchical
arbitration protocol was also adopted at this time, with simplifications develgp@tllam Duckwall.

c) Andy Carter proposed the connector and cable system for the cable envirdrased on original work done
by Hosiden Corporation. The connector task group under the leadership of David Hatch refined that proposal
to meet the requirements of all concerned.

d) Greg Floryance, Bill Ham, and Max Bassler led the specification for the internaatmmsystem for the
cable environment. Bill Ham also worked to ensure that system level grounding andigswves were
handled correctly.

e) Thom Potyraj coordinated the development of the backplane environment aritutesitmuch of its
technical content.

f) Gerald Marazas defined the bus management protocols with extensive hel#&ach James, Peter
Johansson, Hisato Shima, Scott Smyers, and Michael Teener. Peter Johanssothewustenanagement
text during the ballot resolution process as the best way to respond to extensive ballattsonrttés topic.

Gerald Marazas took over as chair of the working group in 1993, while Michael Teener coasneeitbr of the
standard. Additional editing was done by Thom Potyraj for the backplane environment physicdkfagtai for the
link and transaction layers, Gerald Marazas for the bus management layernBiibHae cable environment system
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properties, Max Bassler and Greg Floryance for the internal device physicadatelim Baldwin for the PHY-Link
interface definition, Florin Oprescu for the cable test procedures, and Steven DunwoodyHiml divegse ffectiveness
test procedures.

Patent notice

Note: Attention is called to the possibility that implementation of this standard may require udgecf matter
covered by patent rights. By publication of this standard, no position is taken with respect to theeegistalidity
of any patent rights in connection therewith. The IEEE shall not be responsible for identifyingra8 fatevhich a
license may be required by an IEEE standard or for conducting inquiries into theal@lity or scope of those patents
that are brought to its attention.

The patent holder has, however, filed a statement of assurance thaganilla license under these rights without
compensation or under reasonable rates and nondiscriminatory, reasonable terms and conditions tora# applica
desiring to obtain such a license. The IEEE makes no representation aststableness of rates and/or terms and
conditions of the license agreement offered by the patent holder. Contact information may be tbtaittesl IEEE
Standards Department.
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IEEE Standard for a High Performance
Serial Bus

1. Overview

1.1 Scope

This standard describes a high-speed, low-cost Serial Bus suitable for use as a peripheral bus or a backup to parallel
backplane buses. Highlights of the Serial Bus include

a) Automatic assignment of node addresses—no need for address switches.

b) Variable speed data transmission based on ISDN-comdaﬁiiﬂerates from 24.576 Mbit/s for TTL
backplanes to 49.152 Mbit/s for BTL backplanes to 98.304 Mbit/s, 196.608 Mbit/s, and 393.216 Mbit/s for
the cable medium.

c) The cable medium allows up to sixteen physical connections (cable hops), each up to 4.5 m, giving a total
cable distance of 72 m between any two devices. Bus management recognizes smaller configurations to
optimize performance.

d) Bus transactions that include both block and single quadlet reads and writes, as well as an “isochronous”
mode that provides a low-overhead guaranteed bandwidth service.

e) A physical layer supporting both cable media and backplane buses.

f) A fair bus access mechanism that guarantees all nodes equal access. The backplane environment adds a
priority mechanism, but one that ensures that nodes using the fair protocol are still guaranteed at least partial
access.

g) Consistent with ISO/IEC 13213 :1994 (IEEE Std 1212-1991).

1.2 References

This standard shall be used in conjunction with the following publications. When the following publications are
superseded by an approved revision, the revision shall apply.

ANSI/EIA-364-B-90, Electrical Connector Test Procedures Including Environmental Classifications.

1The lowest data rate of 24.576 Mbit/s is exactly 18 times the 1.536 Mbit/s and 12 times the 2.048 Mbit/s ISDN primarig sltesalt integer
multiple of the ISDN basic rate and numerous other communication rates.
’EIA publications are available from Global Engineering, 1990 M Street NW, Suite 400, Washington, DC, 20036, USA.
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IEEE Std 1394-1995 IEEE STANDARD FOR A

IEEE Std 896.2-1991, IEEE Standard for Futurel%sfPhysical Layer and Profile Specification (AN§I).

IEEE Std 896.5-1993, IEEE Standard for FutureSy$rofile M (Military) (ANSI).

|IEEE P896.6, IEEE Standard for FuturebsFelecommunications Systems, Profile T (Telecommunicati‘bns).
IEEE Std 1014-1987, IEEE Standard foversatile Backplane Bus: VMEbus (ANSI).

IEEE Std 1194.1-1991, IEEE Standard for Electrical Characteristics of Backplane Transceiver Logic (BTL) Interface
Circuits (ANSI).

ISO/IEC 9899: 1990, Programming IanguagesS—C.

ISO/IEC 10857: 1994 (ANSI/IEEE Std 896.1 1994 Edition) Information technology—Microprocessor systems—
Futurebus@—Logi cal Protocol Specification.

ISO/IEC 13213: 1994 [ANSI/IEEE Std 1212 1994 Edition], Information technology—Microprocessor systems—
Control and Status Registers (CSR) Architecture for microcomputer buses.

1.3 Document organization

This standard contains this overview, a list of definitions, an informative summary description, chapters of technical
specification, and application annexes. The new reader should read the document in order. The actual specification
follows the summary and is organized from the bottom up; that is, the specification starts at the physical layer (cable
and backplane), works up to the link layer, the transaction layer, and the bus management layer.

1.4 Serial Bus applications

Three primary applications have driven the design and architecture of the Serial Bus: an alternate for a parallel
backplane bus, a low-cost peripheral bus, and a bus bridge between architecturally compatible 32-bit buses.

1.4.1 Alternate bus
There are five main reasons for providing a serial bus on a system that already has a parallel bus:

a) The many modules that make up a system might operate on different backplane bus standards, yet they need
to work together.

b) Although located within the same enclosure, the system is too large or physically disperse to use a single
backplane, yet modules in the different backplanes have to communicate.

c) One or more modules of a system are located neither on the same backplane nor within the same enclosure.

d) A redundant data path increases fault tolerance. The system can use the Serial Bus to isolate and diagnose
errors without depending on the failed parallel bus.

e) Many system modules are price-sensitive and do not need the full bandwidth of a parallel bus.

3|EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 13@hyPNda18855-

1331, USA.

“This IEEE standards project was not approved by the IEEE Standards Board at the time this publication went to press. fiam motha
obtaining a draft, contact the IEEE.

SISO/IEC publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, Gergarta?@l/Suidse.

ISO publications are also available in the United States from the Sales Department, American National Standards Instisité2id Steet,

13th Floor, New York, NY 10036, USA.
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1.4.2 Low-cost peripheral bus

The Serial Bus can also be used as a powerful and low-cost peripheral interconnect. The compact Serial Bus cable and
connector allow bandwidths comparable with existing 1/O interconnect standards. The Serial Bus has the added
advantage of architectural compatibility with parallel computer buses; this leads to lower communications overhead
than limited function dedicated 1/O interconnects.

1.4.3 Bus bridge

The Serial Bus architecture limits the number of nodes on any bus to 63, but supports multiple bus systems via bus
bridges. The CSR Architecture defines the Serial Bus addressing structure, which allows Himoses.

A bus bridge normally eavesdrops on the bus, ignoring all transactions between local addresses but listening carefully
for remote transactions. When the bridge receives a packet for a remote address, it forwards the packet to an adjacent
bus. After initialization, the bus bridges are transparent to the system.

Although the Serial Bus may be used in many bus configurations, when used to bridge CSR-Architecture-compliant
buses it is expected to be used mostly in a hierarchical bus fashion, as illustrated in figure 1.1 (where bus #5 is a Serial
Bus and bridges together other CSR-Architecture-compliant buses 1 through 4; #1 could be IEEE 896 FltureBus+,
#2 could be IEEE 1596 Scalable Coherent Interface, and so on).

Bus #5 (Serial Bus)

bus
| | | 1 bridge
Bus #4 S
node 1 node 2 node 3 [P node n
bus
1 1 1 1 bridge
Bus #3
node 1 node 2 node 3 . node n
bus
| | | | 1 bridge
Bus #2
node 1 node 2 node 3 . e node n
bus
Bus #1, #2, #3, #4 are lower in the bus 1 T 1 Bus #1 | bridge
hierarchy than bus #5 node 1 node 2 node 3 . uw node n

Figure 1.1—Example hierarchical bus topology

1.5 Service model

This standard uses a protocol model with multiple layers. Each layer provides services to communicate with the next
higher layer and with the Serial Bus management layer. These services are abstractions of a possible implementation;
an actual implementation may be significantly different and still meet all the requirements. The method by which these
services are communicated between the layers is not defined by this standard. Four types of service are defined by this
standard:

SInformation about references can be found in 1.2.
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b)

d)

Request service. A request service is a communication from the higher layer to the lower layer to request the
lower layer to perform some action. A request may also communicate parameters that may or may not be
associated with an action. A request may or may not be confirmed by a confirmation. A data transfer request
usually will trigger a corresponding indication on a peer node(s). (Since broadcast addressing is supported on
the Serial Bus, it is possible for the request to trigger a corresponding indication on multiple nodes.)
Indication service. An indication service is a communication from the lower layer to the upper layer to
indicate a change of state or other event detected by the lower layer. An indication may also communicate
parameters that are associated with the change of state or event. An indication may or may not be responded
to by a response. A data transfer indication is originally caused by corresponding requests on a peer node.
Response service. A response service is a communication from the higher layer to the lower layer to respond

to an indication. A response may also communicate parameters that indicate the type of response to the
indication. A response is always associated with an indication. A data transfer response usually will trigger a
corresponding confirmation on a peer node.

Confirmation service. A confirmation service is a communication from the lower layer to the upper layer to
confirm a request service. A confirmation may also communicate parameters that indicate the completion
status of the request, or any other status. A confirmation is always associated with a request. For data transfer
requests, the confirmation may be caused by a corresponding response on a peer node.

If all four service types exist, they are related as shown by the following figure:

Requester Responder
Service Layer Service Layer

Request

Indication

Response

Confirmation

Figure 1.2—Service model

1.6 Document notation

1.6.1 Mechanical notation

All mechanical drawings in this document use millimeters as the standard unit and follow ANSI Y14.2 and ANSI
Y14.5 1982 formats.

1.6.2 Signal naming

All electrical signals are shown in all uppercase characters, and active-low signals have the suffix “*". For example:
TPA and TPA* are the normal and inverted signals in a differential pair.
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1.6.3 Size notation

The Serial Bus description avoids the confusing terms half-word, word, and double-word, which have widely different
definitions depending on the word size of the processor. In their place, the Serial Bus description uses terms established
in previous IEEE bus standards, which are independent of the processor. These terms are illustrated in table 1.1.

Table 1.1—Size notation examples

Size (in bits) 16-bit word notation 32-bit word notation ”?ii;:ﬁﬁﬂgit;?‘?:g;
8 byte byte byte
16 word half-word doublet
32 long-word word quadlet
64 quad-word double octlet

The Serial Bus uses big-endian ordering for byte addresses within a quadlet and quadlet addresses within an octlet. For
32-bit quadlet registers, byte 0 is always the most significant byte of the register. For a 64-bit quadlet-register pair, the
first quadlet is always the most significant. The field on the left (most significant) is transmitted first, and within a field
the most significant bit is also transmitted first. This ordering convention is illustrated in figure 1.3.

bits in a quadiet:
quad_bit_example

I_m1sbl middlgo_bits | I?b _|

bytes in a quadlet:
MSB quad_byte example LSB
byte 0 | byte 1 byte_2 | byte_3
[oyte o [ oyte 1 | byte 2 [bytes |

quadlets in an octlet:
/(/( MSB dual_quadlet_example LSB
| quadiet_high quadlet_low
32

32

Note that specifications use field widths

Figure 1.3—Bit and byte ordering

Although Serial Bus addresses are defined to be big-endian, their data values may also be processed by little-endian
processors. To minimize the confusion between conflicting notations, the location and size of bit fields are usually
specified by width, rather than their absolute positions, as is also illustrated in figure 1.3.

When specific bit fields must be used, the CSR Architecture convention of consistent big-endian nhumbering is used.
Hence, the most significant bit of a quadlet (“msb” in figure 1.2) will be labeled “quad_bit_example[0],” the most
significant byte of a quadlet (“byte_0")will be labeled “quad_byte_example[0:7],” and the most significant quadlet in
an octlet (“quadlet_high”)will be labeled “dual_quadlet_example[0:31] ;.”

The most significant bit shall be transmitted first for all fields and values defined by this standard, including the data
values read or written to the control and status registers (CSRs) defined in clause 8..
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1.6.4 Numerical values

Decimal, hexadecimal, and binary numbers are used within this document. For clarity, the decimal numbers are
generally used to represent counts, hexadecimal numbers are used to represent addresses, and binary numbers are used
to describe bit patterns within binary fields.

Decimal numbers are represented in their standard 0, 1, 2,... format. Hexadecimal numbers are represented by a string
of one or more hexadecimal (0-9, A—F) digits followed by the subscript 16. Binary numbers are represented by a string
of one or more binary (0,1) digits, followed by the subscript 2. Thus the decimal number “26” may also be represented
as “1Ag" or “11010,". In C++ code examples, hexadecimal numbers have a “Ox” prefix and binary numbers have a
“Ob” prefix, so the decimal number “26” would be representeddxlA” or “0b11010 .”

1.6.5 Packet formats

Serial Bus packets consist of a sequence of quadlets. Packet formats are shown using the style given in figure 1.4.

transmitted first

quadlet 1

bmreelrenbrrrrderd

quadlet 2
I N R S S

ﬂj other quadiets ;[f

~“Transmitted Tast
Figure 1.4—Example packet format

Fields appear in packet formats with their correct position and widths. Field widths are also stated explicitly in field
descriptions. Bits in a packet are transmitted starting with the upper leftmost bit and finishing with the bottom
rightmost bit. Given the rules in 1.6.3, this means that all fields defined in this standard are sent most significant bit
first.

1.6.6 Register formats
All Serial Bus registers are documented in the style used by the CSR Architecture.
1.6.7 C++ code notation

The conditions and actions of the state machines are formally defined by C++ code. Since many C++ code operators
are not obvious to the casual reader, their meanings are summarized in table 1.2.
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Table 1.2—Specific expression summary

Expression Description

~ Bitwise complement of integer |

++l Pre-increment of integer | (I is incremented, then used in the expressjon)

-l Pre-decrement of integer | (I is decremented, then used in the expressgion)

"] Bitwise XOR of integers | and J
1&J Bitwise AND of integer values | and J
13 Bitwise OR of integer values | and J
<< ] Value of |, shifted left by J bits, zero fill
| >> ] Value of |, shifted right by J bit_s, zero fiII_if | is an unsigned number, sign
extension if | is signed
| == Equality test, true if | is equal to J
11=J Inequality test, true if | is not equal to J
B Logical negation of boolean variable B
A&&B Logical AND of boolean values A and B
Al B Logical OR of boolean values A and B

In addition, the nonstandard data types (actually, object classes) listed in table 1.3 are supported.

Table 1.3—Serial Bus data types

Data type Description
timer real value (units of seconds) that autonomously increments at a definefl rate
boolean One bit value where 1 is true and 0 is false

Other, more specific data types are defined in the clauses where they are relevant.

All C++ code is executed as if it takes zero time. Time only elapses when the following function is called (“time” is in
units of seconds):

void wait (real time); /I wait for “time” to elapse

1.6.8 State machine notation

All state machines in this standard use the style shown in figure 1.5.
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state label

S0: State Zero S1: State One

actions started on entry to SO actions started on entry to S1

condition for transition from SO back to itself - condition for transition from S1 to SO $1:50 —
action taken on this transition 80:80 7 action taken on this transition .

condition for transition from S0 to S1

— S0:51 - - —
/ action taken on this transition

note that the SO actions are
restarted following this transition

Y

Y

transition label

Figure 1.5—State machine example

These state machines make three assumptions:

a) Time elapses only within discrete states.

b) State transitions are logically instantaneous, so the only actions taken during a transition are setting flags and
variables and sending signals.

c) Every time a state is entered, the actions of that state are started. Note that this means that a transition that
points back to the same state will restart the actions from the beginning.

1.6.9 CSR, ROM, and field notation

This standard describes a number of CSRs and fields within these registers. To distinguish register and field names
from node states or descriptive text, the register name is always capitalized. Thus, the nbEBNCEEAR. lost

is used to describe the lost bit within theASE_CLEAR register. In this standard, a bold type font is used to
emphasize a term, particularly on its first usage.

All CSRs are quadlets and are quadlet aligned. The address of a register (which is always a multiple of 4) is specified
as the byte offset from the beginning of the initial register space. When a range of register addresses is described, the
ending address is the address of the last register, which is also a multiple of 4. These addressing conventions are
illustrated in table 1.4.

Table 1.4—Example CSR addressing conventions

Offset Register Name Description
0 STATE_CLEAR First CSR location
4-12 OTHER_REGISTERS | Nextthree CSR locationd

This document describes a number of configuration ROM entries and fields within these entries. To distinguish ROM
entry and field names from node states or descriptive text, the first character of the entry name is always capitalized.
Thus, the notation Bus_Info_Bloaknc is used to describe tlvenc bit within the Bus_Info_Block entry.
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Entries within temporary data structures, such as packets, timers, and counters, are lowercased (following normal C-
language conventions) and are formatted in a fixed-space typeface. Examplés tineer  andconnected]i]

NOTE — Within the C++ code, the character formatting is not used, but the capitalization rules are followed.
1.6.10 Register specification format

This document precisely defines the format and function of Serial Bus-specific CSRs. Some of these registers are read
only, some are read-write, and some have special side-effects on writes. To define the content and function of these
CSRs wholly, their specification includes the format (the sizes and names of bit field locations), the initial value of the
register (if not zero), the value returned when the register is read, and the effect(s) when the register is written. An
example register is illustrated in figure 1.6.

definition
unit_depend vendor dependent sig | resv | why | not
12 16 1 1 1 —

initial value

unit_depend zeros 1 0 0 0
read value
last write last update w 0 u u

write effect

stored ignored s i i e

Figure 1.6—CSR format specification (example)

The register definition lists the names of register fields. These names are descriptive, but the fields are defined in the
text; their function should not be inferred solely from their names. However, the register definition fields in table 1.5
have generic meanings.

Table 1.5—Register definition fields

Name Abbreviation Definition

unit dependent unit_depend | The meaning of this field shall be defined by the unit architecture(s) of the node.

The meaning of this field shall be defined by the vendor of the node.
vendor dependent | vendor_depend| Within a unit architecture, the unit_dependent fields may be defined to be vg¢ndor
dependent.

The CSRs defined in this document shall be initialized when power is restqredi¢a rese} or when a quadlet is
written to its RESET_BART register (zommand_rese}. For most registers, the initial value after a power_reset or
command_reset is the same. When the initial CSR values differ, the two initial values are explicitly illustrated.

The read value fields in table 1.6 have a generic meaning.
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Table 1.6—Read value fields

Name Abbreviation Definition
. The value of the data field shall be the value that was previously written to the sagme
last write w :
register address.
last update u The value of the data field shall be the last value that was updated by node hardware.

The write-effect fields in table 1.7 have a generic meaning.

Table 1.7—Write value fields

Name Abbreviation Definition
stored S The value of the written data field shall be immediately visible to reads of the safne
register.
. . The value of the written data field shall be ignored; it shall have no effect on the state of
ignored : the node.
The value of the written data field shall have an effect on the state of the node, buf is not
effect e . ; S ;
immediately visible to reads of the same register.

The register description specifies its bus transaction read/write characteristics, as well as whether it is a required
register. A read-write registeR{V) is expected to be read and written via bus transactions; a read-only ré&jter (

is expected to only be read; a write-only registé€)) is expected to only be written. Although reads of WO registers

and writes of RO registers are not expected, the register definition still defines their results.

1.6.11 Reserved registers and fields

Some CSR addresses correspond to unimplemented registers. This includes optional registers (when the option is not
implemented) and reserved registers (which are required to be unimplemented). The capabilities of these
unimplemented registers are exactly defined to minimize conflicts between current implementations and future
definitions, as illustrated in figure 1.7.

definition
unimplemented

32
initial value
Zeros

read value
Zeros

write effect

ignored

Figure 1.7—Reserved fields
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Within an implemented register, a field that is reserved for future revisions of this standard is leteied
(sometimes abbreviatedasrresv). For a reserved field within an implemented register, the field is ignored on a write
and returns zero on a read, as formally specified below:

reserved:

Required. Reserved for future definitions.
Initial value: Zero.

Read4 value: Shall return zero.

Write4 effect: Shall be ignored.

1.6.12 Operation description priorities

The description of operations in this standard are done in three ways: state machines, C++ code segments, and English
language. If more than one description is present, then priority shall be given first to the state machines, then the C++
code segments, and finally to the English text (including the state machine notes).

1.7 Compliance
1.7.1 CSR Architecture compliance
The Serial Bus follows ISO/IEC 13213 : 1994. Specifically:

a) Addressing: the Serial Bus uses 64-bit fixed addressing. See 3.3.

b) Transactions:

1) The CSR-Architecture-defined transactions of readl-read64, writel-write64, lock4, and lock8 are
equivalent to the Serial Bus transactions described in clause 7.3.5.2. The Serial Bus also specifies byte-
aligned block read and write transactions from 1 byte to 2048 bytes, depending on the data rate as
described in table 6.4.

2) The clock strobe signal is implemented by the Serial Bus cycle_start packet described in clause 6.3.2.

c) Error status codes: type_error, address_error, and conflict_error are all possible values of the status returned
in a transaction response. The Serial Bus calls these “response codes,” and there are additional bus-specific
values. See table 6.11 for more details.

d) Resets: Power_reset and command_reset are described in clause 8.3.1.3.

e) STATE_CLEAR: thebus depend bits of the SARTE_CLEAR register are all optional and are described in
clause 8.3.1.5.

f)  NODE_IDs:

1) offset_id: The Serial Bus calls this the “physical_ID.” For cable environments, the values are chosen
during the self-ID process described in clause 4.4.2.3. In such environments, this physical_ID is a read-
only value. For backplane environments, these values are dependent on the application environment (see
clause 5.4.2.1).

2) bus depend: The bus-dependent field shall be all zeros and is a read-only value.

g) SPLIT_TIMEOUT_HI and SPLIT_TIMEOUT_LO: Only the low-order 3 bits of SPLIT_TIMEOUT_HI
(seconds) are to be implemented (8 s maximum timeout), and the higher order 13 bits of
SPLIT_TIMEOUT_LO count at a granularity of 1S, not 1/8192 s.

h) Bus-dependent registers: The Serial Bus has the following optional CSRs; see clause 8.3.2.2.7 for details:

1) CYCLE_TIME

2) BUS_TIME

3) POWER_FAIL_IMMINENT

4) POWER_SOURCE

5) INCUMBENT_ANSWER

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 15:05:25 UTC from IEEE Xplore. Restrictions apply.

Copyright © 1995 IEEE All Rights Reserved

Full document details: IEEE 1394-1995


http://www.avadocuments.com/doc/ieee-1394-1995
http://www.avadocuments.com/doc/ieee-1394-1995

IEEE Std 1394-1995 IEEE STANDARD FOR A

6) BANDWIDTH_ALLOCATE
7) CHANNELS_AVAILABLE_HI
8) CHANNELS_AVAILABLE_LO
9) MAINTENANCE_CONTROL
10) MAINTENANCE_UTILITY

i) Bus_dependent ROM entries: The Serial Bus has the following extra ROM entries; see clause 8.3.2.3.10 for
details:
1) Node_Capabilities root entry
2) NodeUniqueld leaf
3) Bus_Dependent_Info directory
4) Topological_Map location
5) Speed_Map location

1.7.2 Serial Bus physical layers
The following minimum performance is required:

a) Cable Physical Layer:
1) 98.304 Mbit/s data bit transmit/receive

b) Backplane Physical Layer:
1) Data bit transmit/receive at 49.152 Mbit/s for BTL and ECL.
2) Data bit transmit/receive at 24.576 Mbit/s for TTL.

2. Definitions and abbreviations

2.1 Conformance glossary

Several keywords are used to differentiate between different levels of requirements and optionality, as follows:
2.1.1expected 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.

2.1.2may: A keyword that indicates flexibility of choice with no implied preference.

2.1.3shall: A keyword indicating a mandatory requirement. Designers are required to implement all such mandatory
requirements to ensure interoperability with other products conforming to this standard.

2.1.4should: A keyword indicating flexibility of choice with a strongly preferred alternative. Equivalent to the phrase
“is recommended.”

2.2 Technical glossary
The following are terms that are used within this standard:

2.2.1acknowledge An acknowledge packet.
2.2.2acknowledge gap The period of idle bus between the end of a packet and the start of an acknowledge.

2.2.3acknowledge packet A link-layer packet returned by a destination node back to a source node in response to
most primary packets. An acknowledge packet is always exactly 8 bits long.

2.2.4application environment: The physical environment of a backplane serial bus. This includes the bus itself, the
modules, and the system that contains them. This environment may be a standardized host backplane (e.g., a
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Futurebus® profile) that describes signal requirements, transceivers, mechanical arrangement of the modules, and
temperature range over which operation is guaranteed.

2.2.5arbitration : The process by which nodes compete for ownership of the bus. The cable environment uses a
hierarchical point-to-point algorithm, while the backplane environment uses the bit-serial process of transmitting an
arbitration sequence. At the completion of an arbitration contest, only one node will be able to transmit a data packet.

2.2.6arbitration clock rate: The rate used to define a number of timing requirements within the backplane physical
layer. It is 49.152 MHz 100 ppm, regardless of the backplane interface technology.

2.2.7 arbitration reset gap: The minimum period of idle bus that has to occur after a source using the fairness
protocol has won an arbitration contest before it can once again compete for bus mastership. This is longer than a
normal subaction gap.

2.2.8arbitration sequence For the backplane environment, a set of bits transmitted by nodes that wish to transmit
packets that is used to determine which node will be able to transmit next.

2.2.9arbitration signal: Bidirectional signal exchanged between nodes during arbitration. One of the PDUs for the
physical layer (the other is the data bit).

2.2.10asynchronous packet A primary packet that contains the bus_ID of the destination in the first quadlet. It is
sent as the request subaction and/or response subaction of a transaction.

2.2.11attached peer PHY: A peer cable PHY at the other end of a particular physical connection from the lo¢al PH

2.2.12 backplane physical layer The version of the physical layer applicable to the Serial Bus backplane
environment.

2.2.13backplane PHY: Abbreviation for the backplane physical layer.

2.2.14base rate The lowest data rate used by the Serial Bus in a particular cable environment. In multiple speed
environments, all nodes have to be able to receive and transmit at the base rate. The base rate for the cable environment
is 98.304 MHzt 100 ppm.

2.2.15broadcast_physical_ID A physical_ID with a value of 111131

2.2.16bus_ID: A 10-bit number uniquely specifying a particular bus within a system of multiple interconnected
buses.

2.2.17bus manager The node that provides advanced power management, optimizes Serial Bus performance,
describes the topology of the bus, and cross-references the maximum speed for data transmission between any two
nodes on the bus. The bus manager node may also be the isochronous resource manager node.

2.2.18byte: Eight bits of data.
2.2.19cable physical layer The version of the physical layer applicable to the Serial Bus cable environment.
2.2.20cable PHY: Abbreviation for the cable physical layer.

2.2.21concatenated transaction A transaction where the request and response subactions are directly concatenated
without a gap between the acknowledge of the request and the response packet.

2.2.22connected PHY. A peer cable PHY at the other end of a particular physical connection from the lo¢al PH

2.2.23CSR Architecture: ISO/IEC 13213 :1994 [ANSI/IEEE Std 1212, 1994 Edition], Information technology—
Micro-processor systems—Control and Status Registers (CSR) Architecture for microcomputer buses.

2.2.24cycle master The node that generates the periodic cycle start.
2.2.25cycle start A primary packet sent by the cycle master that indicates the start of an isochronous cycle.

2.2.26data bit: The smallest signaling element used by the physical layer for transmission of packet data on the
medium. One of the PDUs for the physical layer (the other is the arbitration signal).
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2.2.27destination: A node that is addressed by a packet. If the destination is individually addressed by a source, then
it has to return an acknowledge packet.

2.2.28doublet: Two bytes of data.
2.2.29dribble bits: Extra bits added to the end of a packet that allow extra synchronization in implementations.

2.2.30fairness interval: A group of back-to-back transfers during which each competing source using the fairness
protocol gets a single transfer. The delimiters of the fairness interval are arbitration reset gaps.

2.2.31gap: A period of idle bus.

2.2.32initial register space The address space reserved for resources accessible immediately after a reset. This
includes the registers defined by the CSR Architecture as well as those defined by this standard.

2.2.33IRM : Abbreviation for the isochronous resource manager.

2.2.34isochronous The essential characteristic of a time-scale or a signal such that the time intervals between
consecutive significant instances either have the same duration or durations that are integral multiples of the shortest
duration.

2.2.35isochronous channel A relationship between a talker and one or more listeners, identified by a channel
number. One packet for each channel is sent during each isochronous cycle. Channel numbers are assigned using the
isochronous resource management facilities.

2.2.36isochronous cycle An operating mode of the bus that begins after a cycle start is sent, and ends when a
subaction gap is detected. During an isochronous cycle, only isochronous subactions may occur. An isochronous cycle
begins every 125s, on average.

2.2.37isochronous gap The period of idle bus before the start of arbitration for an isochronous subaction.

2.2.38isochronous resource manager (IRM)The node that contains the facilities needed to manage isochronous
resources. In particular, the isochronous resource manager includes the BUS_MANAGER_ID,
BANDWIDTH_AVAILABLE, and CHANNELS AVAILABLE registers. In addition, if there is no bus manager on

the local bus, the isochronous resource manager may also perform limited power management and select a node to be
the cycle master.

2.2.39isochronous subaction A complete link layer operation (arbitration and isochronous packet) that is sent only
during an isochronous cycle.

2.2.40link layer (LINK) : The layer, in a stack of three protocol layers defined for the Serial Bus, that provides the
service to the transaction layer of one-way data transfer with confirmation of reception. The link layer also provides
addressing, data checking, and data framing. The link layer also provides an isochronous data transfer service directly
to the application. See figure 3.4 for the relation of the link layer to the Serial Bus protocol stack.

2.2.41LINK : Abbreviation for the link layer.

2.2.42listener: A node that receives an isochronous subaction for an isochronous channel. There may be zero, one, or
more than one listeners for any given isochronous channel.

2.2.43local_bus_ID: A bus_ID with a value of 1111111111
2.2.44lock-request packet The packet transmitted during the request subaction portion of a lock transaction.
2.2.45lock-response packetThe packet transmitted during the response subaction portion of a lock transaction.

2.2.46lock transaction: A transaction that passes an address, subcommand, and data parameter(s) from the requester
to the responder and returns a data value from the responder to the requester. The subcommand specifies which
indivisible update is performed at the responder; the returned data value is the previous value of the updated data.

2.2.47module: The smallest component of physical management; i.e., a replaceable device.
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2.2.48natural priority : The order of packet transmission of a node given that all nodes start arbitration at the same
instant using the same priority level. For the cable environment, the closer a node is to the root, the higher its natural
priority. For the backplane environment, the priority level and node_offset are concatenated to give its natural priority.

2.2.49n0de An addressable device attached to the Serial Bus with at least the minimum set of control registers.
Changing the control registers on one node does not affect the state of control registers on another node.

2.2.50no0de controller: A component within a node that provides a coordination point for management functions
exclusively local to a given node and involving the application, transaction, link, and physical elements located at that
node.

2.2.51node_ID: This is a unique 16-bit number, which distinguishes the node from other nodes in the system. The 10
most significant bits of node_ID are the same for all nodes on the same bus; this is the bus_ID. The six least-significant
bits of node_ID are unique for each node on the same bus; this is called the physical_ID.

2.2.52nonreturn to zero (NRZ): A signaling technique in which a polarity level high represents a logical “1” (one)
and a polarity level low represents a logical level “0” (zero).

2.2.53octlet: Eight bytes of data.

2.2.54packet: A serial stream of clocked data bits. A packet is normally the PDU for the link layer, although the cable
physical layer can also generate and receive special short packets for management purposes.

2.2.55path: The concatenation of all the physical links between the link layers of two nodes.
2.2.56payload: The portion of a primary packet that contains data defined by an application layer.
2.2.57PCB: Printed circuit board.

2.2.58PDU: Abbreviation for protocol data unit.

2.2.59peer. Service layer on a remote node at the same level. For instance a “peer link layer” is the link layer on a
different node.

2.2.60PHY: Abbreviation for the physical layer.

2.2.61PHY packet A packet either generated or received by the cable physical layer. These packets are always
exactly 64 bits long where the last 32 bits are the bit complement of the first 32 bits.

2.2.62physical connection The full-duplex physical layer association between directly connected nodes. In the case
of the cable physical layer, this is a pair of physical links running in opposite directions.

2.2.63physical_ID: The least-significant 6 bits of the node_ID. This number is unique on a particular bus and is
chosen by the physical layer during initialization.

2.2.64physical layer (PHY): The layer, in a stack of three protocol layers defined for the Serial Bus, that translates

the logical symbols used by the link layer into electrical signals on the different Serial Bus media. The physical layer
guarantees that only one node at a time is sending data and defines the mechanical interfaces for the Serial Bus. There
are different physical layers for the backplane and for the cable environment. See figure 3.4 for the relation of the
physical layer to the Serial Bus protocol stack.

2.2.65physical link: In the cable physical layer, the simplex path from the transmit function of the port of one node
to the receive function of a port of a directly connected node.

2.2.66port: A physical layer entity in a node that connects to either a cable or backplane and provides one end of a
physical connection with another node.

2.2.67primary packet: A packet made up of whole quadlets that contains a transaction code in the first quadlet. Any
packet that is not an acknowledge or a PHY packet.

2.2.68protocol data unit (PDU): Information delivered as a unit between peer entities that may contain control
information, address information, and data.

2.2.69quadlet: Four bytes of data.
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2.2.70quadlet aligned addressAn address with zeros in the east significant two bits.

2.2.71request A subaction with a transaction code and optional data sent by a node (the requester) to another node
(the responder).

2.2.72response A subaction sent by a node (the responder) that sends a response code and optional data back to
another node (the requester).

2.2.73SBM: Abbreviation for Serial Bus management.

2.2.74self-ID packet A special packet (see 4.3.4.1) sent by a cable PHY during the self-ID phase following a reset.
One to four self-ID packets are sent by a given node depending on the maximum number of ports it has.

2.2.75Serial Bus management (SBM)The set of protocols, services, and operating procedures that monitors and
controls the various Serial Bus layers: physical, link, and transaction. See figure 3.4 for the relation of Serial Bus
management to the Serial Bus protocol stack.

2.2.76services A set of capabilities provided by one protocol layer entity for use by a higher layer or by management
entities.

2.2.77service primitive: A specific service provided by a particular protocol layer entity.
2.2.78source A node that initiates a bus transfer.

2.2.79speed codeThe code used to indicate various bit rates for Serial Bus: S25 indicates 24.576 Mbit/s for TTL
backplanes; S50 indicates 49.152 Mbit/s for BTL and ECL backplanes; S100 indicates the 98.304 Mbit/s base rate for
cable; S200 and S400 indicate 196.608 Mbit/s and 393.216 Mbit/s for the cable.

2.2.80split transaction: A transaction where the responder releases control of the bus after sending the acknowledge
and then some time later starts arbitrating for the bus so it can start the response subaction. Other subactions may take
place on the bus between the request and response subactions for the transaction.

2.2.81subaction gap The period of idle bus between subactions. There is no gap between the request and response
subaction of a concatenated split transaction.

2.2.82 subaction A complete link layer operation: arbitration, packet transmission and acknowledgment. The
arbitration may be missing when a node already controls the bus, and the acknowledge is not present for subactions
with broadcast addresses or for isochronous subactions.

2.2.83talker: A node that sends an isochronous subaction for an isochronous channel.

2.2.84transaction layer: The layer, in a stack of three protocol layers defined for the Serial Bus, that defines a request
response protocol to perform bus operations of type read, write, and lock. See figure 3.4 for the relation of the
transaction layer to the Serial Bus protocol stack.

2.2.85transaction: A request and the corresponding response. The response may be null for transactions with
broadcast destination addresses. This is the PDU for the transaction layer.

2.2.86unified transaction: A transaction that is completed in a single subaction.

2.2.87unit architecture: The specification document describing the format and function of the software-visible
resources of the unit.

3. Summary description

This clause describes the form and function of the Serial Bus in a general way and is not intended to be a normative
part of this standard. Instead, it provides useful background information to aid the understanding and implementation
of the specification in clauses 4. through 7.3.5.2.1 and annexes A, B, and C.
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3.1 Node and module architectures

The Serial Bus architecture is defined in terms of nodes. A node is an addressable entity, which can be independently
reset and identified. More than one node may reside on a single module, and more than one unit may reside in a single
node, as illustrated in figure 3.1.

Replace together

Initialize and test
together

Independent in
normal operation

&

‘ S\./.éem Bus ‘

Figure 3.1—Module architecture

Each module consists of one or more nodes, which are independently initialized and configured. Note that modules are
a physical packaging concept and nodes are a logical addressing concept. A module is a physical device, consisting of
one or more nodes that share a physical interface. In normal operation, a module is not visible to software. Of course,
this is not true when the module is replaced, when the shared bus interface fails, or when specialized module-specific
diagnostic software is invoked.

A node is a logical entity with a unique address. It provides an identification ROM and a standardized set of control
registers, and it can be reset independently.

The address space provided by a node can be directly mapped to one or more units. A unit is a logical entity, such as
a disk controller, which corresponds to unique 1/O driver software. On a multifunction node, for example, the processor
and /O interfaces could be different units on the same node. Unless the node is reset or reconfigured, the 1/O driver
software for each unit can operate independently. A unit may be defined by a unit architecture that describes the format
and function of the software-visible registers of the unit. SCSI-3 Serial Bus Protocol (SBP) is a typical unit architecture.

Within a unit there may be multiple subunits, which can be accessed through independent control registers or uniquely
addressed direct memory access (DMA)-command sequences. Although unit architectures should use the subunit
concept to simplify 1/O driver software, the definition of subunit architectures is beyond the scope of this standard.

3.2 Topology

The physical topology of the Serial Bus is divided into two “environments,” as shown in figure 3.2. One is called the
“backplane environment” and is defined in this standard, although implementations may require additional physical-
layer descriptions contained within other backplane bus standards. The other part is the “cable environment” and is
completely specified in this standard. Interconnected nodes may reside in either environment without restriction.
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rial bus (backplane environ

environment) pm

Figure 3.2—Serial Bus physical topology

Note that figure 3.2 shows several logically separate buses. A bus bridge is required to connect buses with different
environments. The full implementation of multiple bus systems using bus bridges is not defined in this standard: only
the addressing and transactions are specified.

3.2.1 Cable environment

The physical topology for the cable environment is a noncyclic network with finite branches and extent. “Noncyclic”
means that closed loops are unsupported. The medium consists of two conductor pairs for signals and one pair for
power and ground that connect together ports on different nodes. Each port consists of terminators, transceivers, and
simple logic. The cable and ports act as bus repeaters between the nodes to simulate a single logical bus.

Since each node has to continuously repeat bus signals, the separate power and ground wires within the cable enable
the physical layer of each node to remain operational even if node local power is off. The pair can even power an entire
node if its requirements are modest. The Serial Bus cable provides 8-40 VDC at up to 1.5 A. The actual current
available is system dependent.

3.2.2 Backplane environment

The physical topology of the backplane environment is a multidrop bus. The media consists of two single-ended
conductors running the length of the backplane. Connectors distributed along the bus allow nodes to “plug into” the
bus. Dominant mode (or “wired-OR") logic allows all nodes to assert the bus.

When in the backplane environment, the Serial Bus typically accompanies a standard parallel bus within an equipment
chassis. In such an environment, the Serial Bus is extended from the backplane into each physical device using two
pins reserved for a serial bus by the various IEEE bus standards. Drivers and receivers for Serial Bus signals follow the
conventions established by the appropriate parallel bus standard: e.g., Futurebus+ using BTL, VME using TTL, and
Fastbus and SCI using ECL. Power and ground are distributed as specified for the parallel bus. Examples of backplane
implementations are given in annex F
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3.3 Addressing

The Serial Bus follows the CSR Architecture for 64-bit fixed addressing, where the upper 16 bits of each address
represent the node_ID. This provides address space for up to 64 k nodes. The Serial Bus divides the node_ID into two
smaller fields: the higher order 10 bits specify a bus_ID and lower order 6 bits specify a physical_ID. Each of the fields
reserves the value of all “I's for special purposes, so this addressing scheme provides for 1023 buses, each with 63
independently addressable nodes. This standardization is continued within the nodé?® ite (256 terabytes)

divided betweernitial register space (2048 bytes reserved for core CSR Architecture resources, registers specific to
the Serial Bus, and the first 1024 bytes of a ROM ID are#)al units space (area reserved for node-specific
resources)private space(area reserved for node-local uses), iaitthl memory space Clause 4 of ISO/IEC 13213 :

1994 defines these terms in more detail. Figure 3.3 illustrates the address structure of the Serial Bus.

bus # 0 5 node # 0 . (" | CSR Architecture 0
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bus # 1 node # 1 initial Serial Bus
memory ROM 1024
space (1st 1K)
2048
L] -* *® o
. . . 2
. . . ©
L] - L J 5
o
S
initial »
units z
space 2
; o
bus # 1022 W, node # 62 ) private ) L
bus # 1023 node # 63 st =
(local bus) (broadcast) register Il-l
- 266M U
b
address type: - | ©
o
memory: bus # node # initial memory space address (0 to FFFF DFFF FFFFg) i
U T Y Y T T T N S SN T T S O S S S S T Y O N | \lxxllillllw}||\l|||114\\\\
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“local bus” “broadcast” “register space” “‘CYCLE_TIME”
Example: 1023 63 1048575 512
=3FFg =3Fyg = FFFFF4¢ =2004¢ )

= FFFF FFFF FO0D 0200,

Figure 3.3—Serial Bus addressing

When practical, the node should use only the first 2048 bytes of the initial units space. This simplifies the design of
heterogeneous-bus systems, since the 2048 bytes of standard CSRs and ROM and first 2048 bytes of the initial units
space use up the 4096 bytes allocated to CSR space on buses using the CSR-Architecture-defined 32-bit extended
addressing (Futurebus+ has several profiles that use 32-bit extended addressing). Note, however, that nodes intended
solely for Serial Bus systems (or mixed with other 64-bit fixed interconnects, such as SCI) may take full advantage of
the 256 megabytes of CSR address space provided by this addressing architecture.

3.4 Protocol architecture

The serial bus protocols are described as a set of three stacked layers, as shown in figure 3.4.
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Figure 3.4—Serial Bus protocol stack

a) The transaction layer defines a complete request-response protocol to perform the bus transactions required
to support the CSR Architecture (the operationgafl, write, andlock). Note that the transaction layer does
not add any services for isochronous data, although it does provide a path for isochronous management data
to get to the Serial Bus management via reads from and compare-swaps with the isochronous control CSRs.

b) The link layer provides an acknowledged datagram (a one-way data transfer with confirmation of request)
service to the transaction layer. It provides addressing, data checking, and data framing for packet
transmission and reception. The link layer also provides an isochronous data transfer service directly to the
application, including the generation of a “cycle” signal used for timing and synchronization. One link layer
transfer is called a “subaction.”

c) The physical layer has three major functions:
1) It translates the logical symbols used by the link layer into electrical signals on the different Serial Bus

media.
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2) It guarantees that only one node at a time is sending data by providing an arbitration service.

3) It defines the mechanical interfaces for the Serial Bus.

There is a different physical layer for each environment: cable and backplane. The cable physical layer also
provides a data resynch and repeat service and automatic bus initialization.

The Serial Bus protocols also include Serial Bus management, which provides the basic control functions and standard
CSRs needed to control nodes or to manage bus resources. The bus manager component is only active at a single node
that exercises management responsibilities over the entire bus. At the nodes being managed (all those that are not the
bus manager), the Serial Bus management consists solely of the node controller component. An additional component,
the isochronous resource manager, centralizes the services needed to allocate bandwidth and other isochronous
resources.

3.4.1 Data transfer services
This standard supports two basic data transfer services:

a) Asynchronous data transfer
b) Isochronous data transfer

The asynchronousgyn = any,chronous = time) data transfer service provides a packet delivery protocol for variable-
length packets to an explicit address and return of an acknowledgment. The isochsorosariechronous = time)

data transfer service provides a broadcast packet delivery protocol for variable-length packets that are transferred at
regular intervals. As shown in figure 3.4, the asynchronous data transfer service uses the transaction layer, whereas
isochronous data transfer service is application driven.

3.5 Transaction layer
Data is transferred between nodes on the serial bus by three different transaction types:

a) Read—data at a particular address within a responder is transferred back to a requester.

b) Write—data is transferred from a requester to an address within one or more responders.

c) Lock—data is transferred from a requester to a responder, processed with data at a particular address within
the responder, and then transferred back to the requester.

Transactions are multithreaded, in that more than one transaction can be started by a requester before the
corresponding response is returned. These are called a split-response transactions.

3.5.1 Transaction layer services
Transactions consist of four service primitives:
a) Request—the primitive used by a requester to start the transaction.
b) Indication—the primitive used to notify the responder of an incoming request.
c) Response—the primitive used by the responder to return status and possibly data to the requestor.

d) Confirmation—the primitive used to notify the requestor of the arrival of the corresponding response.

These primitives and their relation to data flow is shown in figure 3.5.
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Figure 3.5—Transaction services

The Serial Bus architecture limits the maximum number of data bytes in a transaction to the largest power-of-two such
that the whole asynchronous link-layer packet transmission takes less tpar(tB is half the isochronous cycle

time, and restricting asynchronous subaction to this value helps minimize buffer requirements). This means that the
data payload of asynchronous packets is limited to 512 bytes at the cable base rate of 98.304 Mbit/s. Longer packets
can be sent at higher data rates and shorter packets at lower data rates (see table 6.4). Implementations, however, can
impose further restrictions. The only required transactions are quadlet write/read on quadlet aligned addresses (these
are the transactions necessary to access the standard CSR resources). In addition, nodes that wish to contend for bus
management resources shall also implement the quadlet “compare_swap” request and confirmation (see clause 4.) and
the nodes that own those resources shall implement the quadlet “compare_swap” indication and response.

3.5.2 Lock subcommands

Since the Serial Bus supports split transactions, it cannot be easily locked while transaction sequences implement
indivisible test-and-set operations. Therefore, special lock transactions are defined that communicate the intent from
the requester to the responder, thus allowing the indivisible updates to be performed at the responder. There is one
standard lock transaction format, but several different subcommands define conditional and unconditional update
actions.

Lock subcommands follow the CSR Architecture and are based on the model necessary to implement the fetch and add
and compare and swap primitives (the CSR Architecture calls them “fetch_add” and “compare_swap”). The other
subcommands define other update actions that can be easily performed with minimal additions to the basic lock-
operation hardware. In the lock implementation model, there is a data storage element at the destination
(memory_data), two data values (request_data and request_arg) that are sent in the lock request, and one data value
(response_data) that is returned in the lock response. A block diagram of this model is illustrated in figure 3.6.
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Figure 3.6—Simplified lock model

The compare_swap lock transaction compares the value of request_arg and memory_data. If these values are the same,
then memory_data is loaded with the value of request_data. However, if these values are different, then memory_data
remains unchanged. In either case, response_data returns the initial value of memory_data.

The mask_swap lock transaction performs a bitwise operation. For each request_arg mask bit that is set to 1, the
corresponding memory_data bit is set to the corresponding request_data bit value. For each request_arg mast bit that
is cleared, the corresponding memory_data bit is unchanged. In either case, response_data returns the initial value of
memory_data.

The fetch_add lock transaction adds the value of request_data to memory_data. The request_arg value is ignored. The
response_data returns the initial value of memory_data.

The four data values (memory_data, request_arg, request_data, and response_data) are all the same size, either 32 bits
or 64 bits. All lock transactions are optional, but if any are implemented, then the “mask_swap” and “compare_swap”
operations shall also be implemented. The C-language coding for these transactions is listed in table 7.1.

3.5.3 Subaction queue independence

For the split-response Serial Bus design model, separate and (effectively) independent queues exist for incoming and
outgoing transaction requests and responses. For a simple responder that never explicitly generated read, write, or lock
transactions, two queues are sufficient: one for incoming transaction requests and one for outgoing transaction
responses, as illustrated in figure 3.7. These queues are independent, in the sense that the sending of response-queue
subactions is not affected by the retry state of transaction request-queue packets (see 3.6.2.4 for a dicussion of retries).
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Figure 3.7—Transaction request and response subaction queues

A complex transaction requester/responder node (typically a node with asynchronous DMA capabilities) has two sets

of queues. As a transaction requester, an outbound request queue holds the transaction requests waiting to be sent; the
inbound response queue holds the transaction responses that are returned. As a responder, an inbound request queue
holds the transaction requests addressed to this node; the outbound response queue holds the transaction responses
being returned. As a central processing unit (CPU) or other initiator of higher layer protocols, these queues have to be
processed independently: to avoid deadlock, sending of a transaction request never blocks the sending of a transaction
response; to avoid starvation, sending of a transaction response never blocks sending of a transaction request. In a
similar fashion, the DMA device queues also have to operate independently: to avoid deadlock, acceptance of previous
transaction requests never blocks the acceptance of a transaction response; to avoid starvation, acceptance of a
previous transaction response never blocks the acceptance of a following transaction request.

A bridge has separate queues for transaction requests and responses travelling in each direction, so that transactions
initiated from Serial Bus nodes and transactions initiated from the other bus nodes can be processed independently.

The queue independence has an impact on the retry protocols of the node, in that the transaction request and response
gueues have to be serviced independently. When retry protocols described in 3.6.2.4 are used, requests and responses
are retried in a sequential fashion (one per fairness interval as described in 3.7.2), and the retries from the transaction
requestand response queues have to be interleaved, so that each is retried at least once within four fairness intervals.
The fourfairness-interval restriction provides the flexibility to be concurrently processing one retry_A/retry B and one
retry_X from each of the transaction request and response queues.

3.6 Link layer

The link layer provides a half-duplex data packet delivery service. The process of delivering a single packet is called
a “subaction,” and there are two types used in the Serial Bus link layer:

a) Anasynchronous subaction—a variable amount of data and several bytes of transaction layer information are
transferred to an explicit address and an acknowledge is returned.

b) An isochronous subaction or “channel’—a variable amount of data is transferred on regular intervals with
simplified addressing and no acknowledge.

The subaction has three possible pans:
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1) Arbitration sequence—a node that wishes to transmit a packet requests the physical layer to gain control of
the bus. The physical layer may respond immediately if the node already controls the bus (as it would be if the
subaction is the transaction response corresponding to the immediately preceding acknowledge).

2) Data packet transmission—for asynchronous subactions, the source node sends a data prefix signal
(including a speed code, if needed), addresses of the source and destination nodes, a transaction code, a
transaction label, a retry code, data, one or two cyclic redundancy checks (CRCs) and a packet termination
(either another data prefix or a data end signal). Isochronous subactions include a short channel identifier
rather than source or destination addresses and do not have the transaction label or retry code.

3) Acknowledgment—uniquely addressed destination returns a code indicating the action taken by the packet
receiver. Isochronous packets and asynchronous broadcast packets do not have acknowledgments.
Acknowledgments are also preceded by a data prefix and terminated by another data prefix or a data end.

All asynchronous subactions are normally separated by periods of idle bus called “subaction gaps,” as shown in figure
3.8. Note that a gap opens up on the bus between the packet transmission and acknowledgment reception. This “ack
gap” is of varying lengths depending on where the receiver is on the bus with respect to the senders of the link request
and acknowledgment (ack). However, the maximum length of the ack gap is sufficiently shorter than a subaction gap
to ensure that other nodes on the bus will not begin arbitration before the acknowledge has been received.

. data end data prefix .
data prefix subaction 1: request \ subaction 2: response
A A
subaction( AN pd A/ﬂ subacﬁonf N ]subaction
gap ] 9ap ack : gap

Figure 3.8—Example asynchronous subactions

Similarly, isochronous subactions are separated by periods of idle bus called “isoch gaps,” as shown in figure 3.9.

data prefix data end data prefix data end

first channel \ Vecond channel third channel
A A
N\ LR

isoch
gap

isoch
gap

isoch
gap

Figure 3.9—Example isochronous subactions

3.6.1 Link layer services
Link layer services also have the request, indication, response, and confirmation service primitives:

a) Request—the primitive used by a link requester to transmit a packet to a link responder.
b) Indication—the reception of a packet by a link responder.

c) Response—the transmission of an acknowledgment by a link responder.

d) Confirmation—the reception of the acknowledgment by the link requester.
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Figure 3.10—Link layer services

3.6.2 Link and transaction layer interactions

The transaction layer and link layer interact in a way that optimizes the use of the bus. In particular:

a) Write transactions can be implemented in two different ways: unified or split

b)
c)

3.6.2.1 Unified transactions

Split transactions and isochronous subactions can be concatenated under certain circumstances
A busy transaction layer can impose limited flow control on its peers

If the responding transaction layer and link layer are fast enough, an entire write transaction takes a single link layer
subaction: the transmission of a data packet and the corresponding acknowledgment as shown in figure 3.11.

Requester Requester Responder Responder
Transaction |Ljnk Layer Link Layer Transaction
Layer ayer
Write .
Request Data Packet Media

Request

Data Packet

Data Packet
Indication

\

Request
Subaction
. Confirmation Response
o Write (Complete) (Complete)
onfirmation
Acknowledge
(Complete) (Comvpvaleteg)
-

Write Indication

a—rite
Response
(Complete)

Figure 3.11—Unified transaction example
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3.6.2.2 Split transactions

When the responding layers are slow, a split transaction is required with separate link layer subactions for request and
response. Note that other link layer subactions may use the bus between the request and response of a single
transaction.

Requester Requester Responder Responder
Transaction Ljnk Layer Link Layer Transaction

Layer Layer
Write .
Request Data Packet Media
Request
Data Packet
Data Packet
Indication
Wirite Indication
Request
Subaction
Confirmation Response
(Pending) (Pending)
Acknowledge
(Pending)
Other link-layer operations — — — —
can take place between - e e — Write
the two subactions (gespolnse)
No-Data Packet omplete
Request -
No-Data Packet
No-Data Packet
Indication
Write Confirmation ;
(complete) Response
Subaction
Response e Confirmation
(Complete) & (Complete)
Acknowledge
{Complete

Figure 3.12—Split transaction example

3.6.2.3 Subaction concatenation

Split transactions are always used for read and lock transaction types since data must go both directions. If, however,
the read or lock response is fast enough, the two subactions will be directly concatenated by skipping the data end,
subaction gap, and arbitration for the response, as shown in figure 3.8 and figure 3.12, to produce the concatenated
asynchronous subactions as shown in figure 3.13 and figure 3.14. Since the arbitration for the response is skipped, the
fairness process described in 3.7.2 does not apply to the response.
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Figure 3.13—Split transaction using concatenated subactions

Note that the data prefix signal is used as a packet terminator for the request acknowledge to indicate the response
packet is concatenated.

data prefix data end data end data pref
i . ata preiix
subaction 1: request data prefix g baction 2: response B/
subaction [y ¥ 4 \]subaction
gap q ack gap

Figure 3.14—Example of concatenated asynchronous subactions

Similarly, isochronous subactions ségtthe same node may be concatenated together, as shown in figure 3.15.
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first channel \ second channel / third channel
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X L r .
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Figure 3.15—Example of concatenated isochronous subactions

3.6.2.4 Retries

On an idle bus, the resources of all devices are always available. On a congested multiple-bus system, however, device
queues fill, and subactions have to be busied at the destination node. Two methods of reporting busy to an inbound
primary packet and attempting to retry the packet are defined. Note that both transaction request packets and response
packets may be retried.

The acknowledge code is used by the destination node to notify the sending node that it is busy and should try back
later. The acknowledge code also indicates the phase of the retry, which is used by the destination node to manage the
retry process. The retry code (in the primary packet header) is used by the sending node to indicate the retry phase of
the packet to the destination node.

The first method is known as “single-phase” retry. This is a simple retry scheme. The transaction layer on a node that
implements only single-phase retry will respond with an acknowledge code of ack_busy_ X to any primary packet it
receives (via the link data indication) when the node is busy. The sending node sends and retries the subaction using a
retry code (rt; see 6.2.4.4) of retry_X until the subaction succeeds or its retry limit is exceeded. The transaction layer
has the option of requeuing the pending retry and servicing other queued requests as long as the retry limit is not
exceeded.

The second method is known as “dual-phase” retry, as specified by the state machine in 7.3.3.2.2. When the transaction
layer becomes busy, it responds with an acknowledge code of ack_busy A or ack _busy B (A or B). When the
subaction is retried, the retry_A is used if the ack_busy A was previously returned or the retry B is used if the
ack_busy B was previously returned. While the destination node is accepting retry_A retries, other subactions are
marked ack_busy B. Once all retry_A retries have been accepted, the destination node accepts retry_B retries, and
other subactions are marked retry_A. This process continues in a “ping-pong” fashion, ensuring forward progress by
the batch processing of A and B groups.

A timeout is used to determine when all retry_A retries have completed. Source nodes using the dual-phase retry shall
retry the subaction during every four fairness intervals until their retry timeout expires. Destination nodes assume all

retry_A subactions have been sent when four fairness intervals pass with no retry_A subactions having been busied;
the same kind of timeout is also applied to retry_B. Higher performance destination nodes may count the number of
retry_| packets busied with retry_A to avoid the timeout when the last of the previously-busied ack_busy_A subactions

have been retried.

Note that separate retry_A/retry_B state machines are assumed for the transaction request and response queues of the
destination node, so that the acceptance of transaction requests is not affected by the retry-state of transaction
responses (and vice versa).

Due to the tight timing constraints on the pending retry (measured in fairness intervals, which can be quite short), these
retries are expected to be performed by hardware.
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If a source node that only implements single-phase retry receives any of the ack_busy X, ack_busy_A, or ack_busy B
acknowledge codes, it shall retry using a retry code of retry_X. The dual-phase destination node will accept the
retry_X when it has completed the current retry phase.

3.6.3 Asynchronous arbitration

Asynchronous arbitration is used whenever a link layer wants to send data packets “as soon as possible.” There are two
types of asynchronous arbitration:

a) “Fair” arbitration, which guarantees equal access to the bus for all participating nodes. This prevents nodes
that have a higher natural priority from dominating traffic on the bus.

b) “Urgent” arbitration (only available on the backplane environment) to support nodes that need to use the bus
more frequently with less latency. This has to be used with care, since multiple nodes using urgent arbitration
can interfere with each other.

3.6.4 Isochronous arbitration

Asynchronous arbitration is adequate for nodes that do not require a guaranteed high bandwidth or low latency or a
precise timing reference (less thanu4, for instance). However, data such as that related to digital sound or
instrumentation are more efficiently handled with isochronous arbitration.

Isochronous services can be provided without upsetting the basic arbitration protocol by giving the highest priority
access to a “cycle master” that maintains a common clock sB[ﬂtmcycIe master tries to transmit a special timing
request called a “cycle start” at specific intervals set by a “cycle synch” source (nominally+81k0zppm, or 125

ps = 12.5 ns). If a transfer is in progress when the cycle synch occurs, then the cycle start will be delayed, causing
significant jitter in the start time of the transfer. Since this jitter is frequently unacceptable, the amount of time that the
cycle start was delayed is encoded within the packet as a transaction layer quadlet write request broadcast to the “cycle
timer register” of each node.

Each node with isochronous service has a 32-bit cycle timer register. The low-order 12 bits of the register are a modulo
3072 count, which increments once each 24.576 MHz clock period. The next 13 higher order bits are a count of 8 kHz

cycles, and the highest order 7 bits count seconds. The cycle master copies its cycle timer register to all isochronous
nodes with the cycle start request, synchronizing all nodes within a constant phase difference.

Nodes sending isochronous data respond to cycle starts by immediately arbitrating for the bus without waiting for a
subaction gap and sending an isochronous packet as soon as arbitration succeeds. This leads to a smaller minimum gap
between isochronous packets than is needed for asynchronous arbitration to start. (The timing for gaps between
isochronous packets is the same as for asynchronous acknowledges.) Ontlvttemodes sending isochronous

data have won arbitration and finished sending their data will the bus stay idle long enough for a subaction gap to
appear. It is the subaction gap that will allow normal asynchronous arbitration to resume. Figure 3.16 illustrates the
basic isochronous arbitration system.

“In the cable environment, the highest priority node is the root, so the cycle master must be the root. In the backplarengrthiearytie master
uses the highest possible arbitration number (all ones).
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Figure 3.16—Cycle structure

The isochronous packets are labeled with 6-bit “channel” numbers, which have been previously assigned using the
channel management protocol described in clause 7.3.5.2.1. Since nodes sending isochronous packets still arbitrate for
the bus and the natural priority of a node is not related to channel number, the order of packet transmission is also not
related with channel number.

When a node has been assigned a channel, it can send a variable amount of data up to a maximum specified during the
bandwidth allocation protocol described in clause 7.3.5.2.1. This protocol will guarantee that the time consumed by all
nodes sending isochronous data will not exceed theid 2% a cycle.

3.7 Physical layer

The physical layer (the PHY) has three primary functions: transmission and reception of data bits, arbitration, and
provision for the electrical and mechanical interface. The cable and backplane environments have different physical
layers. Nonetheless, both physical layers share two fundamental concepts: “data-strobe” encoding for data bits, and a
simple method for ensuring fair access to the bus. These similar concepts are described in 3.7.1 and 3.7.2 respectively.
Concepts unique to the cable environment are described in 3.7.3, and those for the backplane environment are
described in 3.7.4.

3.7.1 Data bit transmission and reception

During packet transmission, there is only a single node transmitting on the bus, so the entire media can operate in a
half-duplex mode using two signals: Data and Strb. NRZ data is transmitted on Data and is accompanied by the Strb
signal, which changes state whenever two consecutive NRZ data bits are the same, ensuring that a transition occurs on
either Data or Strb for each data bit. A clock that transitions each bit period can be derived from the exclusive-or of
Data with Strb as shown below.
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Figure 3.17—Data-strobe encoding

The primary rationale for use of this transmission code is to improve the skew tolerance of information to be
transferred across the serial bus. In particular, the code ensures that transitions occurring on Strb and Data are

approximately one bit period apart.

An example circuit for decoding data is shown in figure 3.18.

data-strobe encoder example

Data dq Data_Tx

Clock b aD
dq Strb_Tx
> q 3—|

data-strobe decoder example
Data_Rx d q Data_1
; (rising edge of Clock)
d q Data_0
(falling edge of Clock)
—C

[ P
Strb_Rx Clock = Data_Rx~ Strb_Rx

(defayed)

Figure 3.18—Data-strobe encoder and decoder example

3.7.2 Fair arbitration

The normal cable and backplane arbitration methods guarantee that only one node will be transmitting at the end of the
arbitration period. As described below, these methods only provide a strict priority access; the node with the highest
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natural priority (highest arbitration number on a backplane, closest to the root on a cable) will always win. The normal
asynchronous arbitration for the Serial Bus adds a simple scheme that splits the access opportunities evenly among
competing nodes.

The fairness protocol is based on the concept of a fairness interval. A fairness interval consists of one or more periods
of bus activity separated by short idle periods called subaction gaps and is followed by a longer idle period known as
an arbitration reset gap. At the end of each subaction gap, bus arbitration is used to determine the next node to transmit
an asynchronous packet. This concept is shown in figure 3.19.

owner B

fairness fairness
interval fairness interval N s interval
N-1 owner M N+1

‘ at ... (B [ao] T
T | subaction l \ T / T
arbitration subaction gaps arbitration
reset gap reset gap

Figure 3.19—Fairness interval

The implementation of the fair arbitration protocol is defined in terms of these fairness intervals, as is discussed in the
following clauses.

When using fair arbitration, an active node can initiate sending an asynchronous packet exactly once in each fairness
interval. An active node can arbitrate only if its arb_enable signal is set. The arb_enable signal is set to one by an
arb_reset_gap and is cleared when the node wins arbitration. This disables further arbitration requests for the
remainder of the fairness interval. A fairness interval ends when arbitration by the final fair node is successful; this
generates an arb_reset_gap since all nodes now have their arb_enable signals reset and cannot drive the bus. The
arb_reset_gap reenables arbitration on all cards and starts the next fairness interval. This process is illustrated in figure
3.20.
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Note: Natural priority of A>B > C

Figure 3.20—Fair arbitration

Note that a node sending a concatenated subaction (see 3.6.2.3) does not reset its arb_enable bit.
3.7.3 Cable physical layer

The cable environment is a network of nodes connected by point-to-point links called physical connections. The
physical connection consists of a port on the PHY of each node and the cable between them. A PHY can have multiple
ports, which allows a branching multihop interconnect as shown in figure 3.2. The primary restriction is that nodes
have to be connected together as an acyclic graph (no loops). The cable PHY translates this physical point-to-point
topology into the virtual broadcast bus expected by higher layers. The cable PHY does this by taking all data received
on one port, resynchronizing it to a local clock, and repeating it out all of its other ports.

The cable PHY logically consists of four major components, as shown in figure 3.21:

a) Ports, which provide the cable media interface.

b) Arbitration logic, which provides access to the bus.

c) The resynchronizer, which takes received data-strobe encoded data bits and generates data bits synchonized
to a local clock.

d) The encoder, which takes either the data being transmitted by the node (if the node has won arbitration) or the
data received by the resynchronizer and encodes it in data-strobe format.
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Figure 3.21—Cable PHY

The cable arbitration takes advantage of the point-to-point (non-bused) nature of the cable environment by having each
node handshake with its immediate neighbors to determine ownership of the media. There are four phases to this
scheme, three to initialize the cable configuration and one for normal arbitration.

3.7.3.1 Cable configuration

Cable configuration is done in three phases: bus initialization, tree identification, and self-identification. During this
process, a treelike topology is built; each node is assigned a physical hode number and also sends node-specific
information that is used by the management I&yer.

3.7.3.1.1 Bus initialize

Whenever a node joins the bus, a bus reset signal forces all nodes into a special state that clears all topology
information and starts the next phase. After bus initialize, the only information known to a node is whether it is a

8This process is illustrated in more detail in annex E.3.
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branch (more than one directly connected neighbor), a leaf (only a single neighbor), or isolated (unconnected). A
network of leaf and branch nodes is illustrated in figure 3.22.

NOTE — In figures 3.22 through 3.29, the two arrows representing the physical connection between the nodes are just an abstract
representation of line state signaling. They do not imply that the signaling uses different wire pairs for the two directions;
in fact, both directions use both pairs, and the received signal is the result of the dominance of “1” over “0” over “Z.”

branch {node B

#1 § X
A%y
node A branch | node D
iR el el #2% oo
#2 #3 #4 #5 #6 #7 A e
' U
off .
leaf node C : node E leaf

Figure 3.22—Example cable state after bus initialize

Note that each port of the node is individually numbered. There is no particular order to the numbering, it is just a way
to give each port a unique label.

3.7.3.1.2 Tree identify

After a bus initialize, the tree-ID process translates the general network topology into a tree, where one node is
designated a root and all of the physical connections have a direction associated with them pointing towards the root
node. The direction is set by labeling each connected port as a “parent” (connected to a node closer to the root) or
“child” port (connected to a node further from the root). Any unconnected ports are labeled “off” and do not participate
in further arbitration processes. Any loop in the topology is detected by a configuration time-out in the tree-ID process.
When the tree-identify process is complete, the example configuration will have each connected port labeled child
(pointing to a child node) or parent (pointing to its parent node), as shown in figure 3.23.
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Figure 3.23—Tree identify complete

Note that the selection of the root node is not topology dependent. It is completely acceptable that the root node also
be a leaf. The only requirement is that the cycle master (the isochronous cycle master described in 3.6.4) also has to be
the root, since the root has the highest natural priority.

The node that has all of its connected ports identified as children becomes the root. A particular node can bias itself
toward becoming the root by delaying participation in the tree identify process. Usually, the node that waits the longest
time® becomes the root.

A particular node can be forced to wait a longer time by using a special PHY configuration packet (described in
4.3.4.3).

3.7.3.1.3 Self-identify

The next step is to give each node an opportunity to select a unique physical_ID and identify itself to any management
entity attached to the bus. This is needed to allow low-level power management and the building of a system topology
map needed to determine the speed capabilities of each data path. Clause 7.3.5.2.1 discusses this process.

The self-ID process uses a deterministic selection process, where the root node passes control of the media to the node
attached to its lowest numbered connected port and waits for that node to send an “ident_done” signal, indicating that
it and all of its children have identified themselves. The root then passes control to its next highest port and waits for
that node to finish. When the nodes attached to all the ports of the root are finished, the root itself does a self-identify.
The child nodes use the same process in a recursive manner: the completion of the self-ID process is indicated by the
bus going idle for a subaction gap period.

Sending the self-ID information is done by transmitting one to four very short packets at the base rate onto the cable
that include the physical_ID and some management information. The physical_ID is simply the count of the number
of times a node passes through the state of receiving self-ID information before having its own opportunity to send
self-ID information, i.e., the first node sending self-ID packet(s) chooses zero as its physical_ID, the second chooses
one, and so on. Note that a node is not required to decode the self-ID packet; it merely has to count the number of self-

9Longer than a worst-case unrestricted tree-identify process.
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identify sequences since the bus reset (this is the number of times the Self-ID Receive state described in 4.4.2.3 is

entered).

The management information included in the self-ID packet includes codes for the gap timer settings, the power
needed to turn on the attached link layer, the state of the various ports (unconnected, connected to child, connected to

parent), and data rate limitations.

Figure 3.24 illustrates the state of the bus after the self-ID process is complete. Note that each child portis labeled “ch-i”,
meaning that the node attached to that port is identified.

%#1

p
leaf
node #0
off ' off . off  off- off off

#4 #5 #6 #7

node A

node C

#1
P
branch
node #3 | node D
ch-i c,:h-i
#2% §§g#3
%?gg #1
o
leaf

node E | hode #2

Figure 3.24—Example cable state after self-identify phase

3.7.3.2 Normal arbitration

Once the self-identify process is complete, nodes can use the normal arbitration method to send packets. This process

is illustrated by the following example:

a) Node A and node E begin arbitrating at the same time by sending a request to their parents.
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Figure 3.25—Arbitration request

b) The parent of node E (node D) forwards the request to its parent (node B) and denies access to its other
children (node C) by sending a data_prefix, while simultaneously the parent of node A (node B) denies access
to its other children (node D). Since node B is root, it does not have to forward the request any further.

root
node #4;node B
ch-ich-i
# ‘EA#Z request
request data_prefix i
A - VI #1
p
branch
node #0 node A node #3 node D
ch-i_ch-i
" o owell T A3
42 #3 #4 #5 #6 #7 data_prefix ;§ A request
#2 §|#1
off p P
leaf leaf
node #1 | nodeC node E | ode #2

Figure 3.26—Arbitration request (continued)
Instead, the root grants access to the first request (node A), while the other parent (node D) acknowledges the

c)
denial by withdrawing its request and passing on the denial.
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Figure 3.27—Arbitration grant

d) This causes node E to withdraw its request. Simultaneously, node A receives the grant and, since it was the
original requesting nod® sends a data_prefix signal to warn all nodes that data is about to be sent.
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node #4  node B
ch-i ch-i
grant #1 %!é&*#z
%}! data_prefix data_prefix ¢
3 R #
P Y
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node #0 node A node #3 | node D
off off off off off off ch-i ch-i
data_prefix #2 Iz 3
4 data_prefix ?éﬂ
p
leaf leaf
node #1 | node C node E | ode #2

Figure 3.28—Data prefix

e) The parent of node A (the root in this case) sees the data prefix and withdraws the grant. At this point, the
physical connections between all the nodes are now in the same state and pointed away from the node that
won the arbitration. This allows the unused second signal to be turned around and used as a strobe to time the
transmission of data.

19f node A had children, they would have received a data_prefix when A started arbitration. If, however, one of the chititterAdfiad
requested the bus first, node A would have done an internal deny and passed on the request to the root, and later dmethé geaaivwed it.
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Figure 3.29—Start of data transmission

Clause 4.4.2 specifies the detailed algorithms of the cable environment arbitration.
3.7.3.3 Speed signaling

The cable environment supports multiple data rates of 98.304 Mbit/s, 196.608 Mbit/s, and 393.216 Mbit/s. (The lowest
speed is known as the “base rate.”) If a higher rate is supported, then all lower rates are also required. Each node
broadcasts its speed capabilities as part of the self-ID packet, and, in addition, each higher speed PHY (one capable of
data rates greater than the base rate) exchanges speed information with its parent during the “ident_done” signaling at
the end of the self-ID process of a node. This speed capability is recorded by both nodes for later use during normal
arbitration. Since a node has already processed the “ident_done” of each of its children before passing on the
“ident_done” to its parent, it then has a complete record of the speed capabilities of the nodes attached to each
connected port.

In normal packet transmission, a speed code is sent during the data_prefix phase of arbitration. If a directly attached
node is incapable of receiving high-speed data, then it is not sent any clocked data; instead, the data_prefix is
continually sent on that port until the packet is complete. This will keep the slower attached node from arbitrating
while the high-speed data is sent out through the other port(s). Since the slower node propagates the data_prefix to its
other ports, all devices “downstream” from that node will also be kept from arbitrating.

Although this process guarantees that all nodes will arbitrate correctly, it is still possible for slower PHYs to act as

blocking points for higher speed packets. To prevent this, the initiator of a transaction has to know the speed
capabilities of the path between it and a responding node. On fully managed buses, this information is available from
the bus manager based on data gathered from the self-ID packets.

3.7.3.4 Cable media interface

The cable media interface is the implementation of a physical connection. There are three major parts of the cable
media interface:

a) The electrical interface to the cable, which consists of
1) TPA and TPB: two low-voltage, low-current, bidirectional differential signals to carry data bits or
arbitration signals.
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2) VP and VG: a power pair that provides the current needed by the physical layer to repeat signals. Nodes
can either source or sink current, and there can be multiple power sources on a bus.
b) The cable connectors, which are small and rugged and provide six electrical contacts plus a shield.
c) The cable media itself, which has two well-shiel’dedgnal pairs with relatively high impedance (meaning
that little power is needed to drive an adequate signal), and one relatively low-impedance pair for the power.
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Figure 3.30—Cable interface

The two signals PA and TPB have three values: “1”, “0” and “Z", where the “Z” value represents an undriven or idle
condition. Normally there is only one node driving a “1” or a “0” on a pair at a time, but the bus reset condition is an
exception: a node forcing a bus reset drives both pairs with a “1” signal. Connected nodes can detect this condition
because they will detect a different signal on the pair than they expect: i.e., if one node is driving a “0” on the pair and
the other is driving a “1”, then the actual received signal will be a “Z” (the positive and negative currents cancel out).
The node driving the “0” shall interpret the received “Z” as a “1”, while the node driving the “1” shall always assume
the received signal is a “1". This gives the cable PHY a “I's dominant” signal mode.

3.7.4 Backplane physical layer

The backplane environment is that of a multidrop bus. There are two signals, Data and Strb, which are shared among
all of the nodes on a broadcast bus. Typically, parameters of the bus have to be tightly controlled in order to ensure
proper transmission characteristics.

llShielding is actually optional, although a cable has to be very carefully constructed to avoid common-mode signal crosstalthegiairs.
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