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IEEE Standards documents are developed within the Technical Committees of the IEEE Socicties
and the Standards ‘Coordinating Committees of the IEEE Standards Board. Members of the com-
mittees serve voluntarily and without compensation. They are not necessarily members of the Insti-
tute: The standards developed: within IEEE represent -a consensus: of the broad expertise on the
subject within the Institute as'well as those activities outside of IEEE that have expressed an inter-
est in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE: Standard does not imply
that there are no other ways to produce, test, measure, purchase, market, or provide other goods and
services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developments in
the state of the art and comments received from users of the standard. Every IEEE Standard is sub-
jected to review at least every five years for revision or reaffirmation. When a document is more
than five years old and has not been reaffirmed, it is reasonable to -conclude that its contents,
although still of some value, do not wholly refiect the present state of the art. Users ar¢ cautioned to
check to determine that they have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcomé from any interested party, regardless of
membership-affiliation with IEEE. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments:

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as
they relate to specific applications. When the need for intérpretations: is brought to the attention of
IEEE, the Institute will initiate action to prepare appropriate responses. Since IEEE Standards rep-
resent a consensus ol all concerned irlerests; il is irtpotlant o ensure- thal -any inlerpretation has
also received the concurrence of a balarice of iriterests. For this reason IEEE and the members of its
technical committees are not-able to provide an instant response to-interpretation requests except in
those cases where the matter has previously received formal 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
require use of 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 responsible for identifying all patents for
which.a license may be required by an IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.

Authorization to- photocopy pottions of -any individual standard for-internal or personal use is
granted by the Institute of Electrical and Electronics Engineers, Inc:; provided that the appropriate
fee is paid to Copyright Clearance Center. To arrange for payment of licensing fee, please contact
Copyright Clearance Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA;
(508) 750-8400. Permission to photocopy portions-of any individual standard for educational class-
room use can also be obtained through the Copyright Clearance Center.
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Corrected Edition, June 1996

The following corrections have been made to this.edition:

Page 23: The designation of reference [AS] has been corrected to ANSI/EIA/TIA 526-14-1990. [Note that
Jurther updates to annex A can be found in ISO/IEC 8802-3: 1996.]

Page 32: Inthe last line of text on the page; the word “fourth” has been corrected to “sixth.”

Page 174: In figure 24-11, the “BAD SSD” box text has been corrected. “RXD<3.0> & 11107 now reads
“RXD<3:0> < 11107,

Page 234: The page, containing subclauses 27.7.4.11 and 27.7.4.12, was inadvertently omitted from the first
printing; It is now included.

Page 286: Under list item:a), notes 2-and.3 were misnumbered and have been: corrected. Also; references in
notes 2-and 3 to table 29-2 have been corrected to table 29-3.

Page 301: In table 30-1d; “aAutoNegAdvertisedTechnology Abilit” has been corrected to
“aAutoNegAdvertised Technology Ability”.

Page 312: In subclause 30.4.1.1.2; the reference to 20.2.2.3 for “other” has been corrected to 30.2.5:
Page 323: In'subclause 30.5.1.1.2, the reference to 20.2.2.3 for “other” has been corrected to 30.2.5.

Note that additional corrections are under consideration, and thal soine reference documents have been
updated: These will be included in future maintenance documents.

This is an Archive IEEE Standard. It has been superseded by a later version of this standgyd.
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Introduction

(This introduction is not part of IEEE. Std 802.3u-1995.)

This standard is part of a family of standards for local and mectropolitan area networks. The relationship
between the standard -and other members.of the family is shown below. (The numbers in the figure: refer to

IEEE standard numbers.)
[
3 « 8022 LOGICAL LINK CONTROL
i &
o =)
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*Formerly IEEE Std 802:1A.

This family of standards deals with the Physical and Data Link layers as defined by the International Organi-
zation for Standardization (ISO) Open Systems Interconnection Basic Reference Model (ISO 74981 1984).
The access standards define sevetal types of medium access technologies and associated physical media,
each appropriate for patticular applications or'system objectives. Other types are under investigation:

The standards defining the technologics noted above arc as follows:

« IEEE Std 802 Overview and Architecture. This standard provides anover-
view to the family of IEEE 802 Standards. This document
forms part of the 8021 scope of work.

+ ANSI/IEEE Std 802.1B LAN/MAN Management. Defines an Open Systems
[ISO/IEC 15802-2]: Interconnection (OSIT) management-compatible architecture,
and services and protocol elements for use in'a LAN/MAN
environment for performing remote management.

« ANSI/IEEE Std 802.1D MAC Bridging. Specifies an architecture and protocol for the
[ISO/IEC 10038]: interconnection of IEEE 802 LANs below the MAC service
boundary.
+ ANSI/IEEE Std 802.1E Systeni Load Protocol. Specifies a set of services and protocol
[ISO/IEC 15802-4]: for those aspects of management concerned with the loading of
systems on IEEE 802 LANs.

I'The 802 Architécture and Overview standard, originally known as IEEE Std 802. 1A, hias been renumbered as IEEE Std 802. This has
been done to-accommodate recognition of the base standard in-a family of standards: References to [EEE Std 802. 1A should be-consid-
ered ag references'to IEEE Std 802:

This is anyArchive IEEE Standard. It has been superseded by a later version of this standard.
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+ ANSI/IEEE Std 802.2 [ISO/IEC 8802-2]:  Logical Link Control

* ANSI/IEEE Std 802.3 [ISO/IEC 8802-3]:  CSMA/CD Access Method and Physical Layer Specifications
+ ANSI/IEEE Std 802.4 [ISO/IEC 8802-4]: Token Bus Access Method and Physical Layer Specifications
+ ANSI/IEEE Std 802.5 [ISO/IEC 8802-5]: ~ Token Ring Access Method and Physical Layer Specifications

« ANST/IEEE Std 802.6 [ISO/IEC 8802-6]: = Distributed Queue Dual Bus-Access Method and Physical
Layer Specifications

«IEEE Std 802.9: Integrated Services (IS) LAN Interface at the Medium Access
Control (MAC) and Physical (PHY') Layers

+ [EEEStd 802.10: Interoperable LAN/MAN Security, Currently approved:
Secure Data Exchange (SDE)

+[EEE 802.12: Demand Priority Access Method/Physical Layer Specifications

In addition to the family of standards, the following is a recommended practice for:a common Physical

Layertechnology:

+ [EEE Std 802.7: [EEE Recommended Practice for Broadband Local Area

Networks

The following additional working groups have authorized standards projects under development:

+ [EEE 802.11: Wireless LAN Medium Access Control (MAC) Sublayer and
Physical Layer Specifications

« IEEE 802.14: Standard Protocol for Cable-TV Based Broadband
Communication Network

The reader of this standard is urged to become familiar with the complete family of standards.

Conformance test methodology
An -additional ~standards series, ‘identified by the number 1802, has been established to -identify the
conformance test methodology documents - for the: 802 family of standards. Thus the conformance test

documents for 802.3 are numbered 1802.3; the conformance test documents for 802.5 will be 1802.5,-and so
on. Similarly, ISO will use 18802 to number conformance test standards for 8802 standards:

This is an Archive IEEE Standard. [t has been superseded by a later version of this standgra.
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IEEE Std 802.3u-1995

At the time this standard (IEEE Std 802.3u-1995) was published, the IEEE 802.3 standard consisted of the
following published documents:

—ISO/IEC 8802-3:1993 [ANSI/IEEE Std 802.3, 1993 Edition]

— - 1EEE ‘Std 802.3j-1993, Fiber Optic Active and Passive Star-Based Segments, Type I0BASE-F
(Clauses 15-18)

— IEEE Std 802.3k-1992, Layer Management for 10 Mb/s Baseband Repeaters (Clause 19)

— - IEEE Std 802.31-1992, Type 10BASE-T Protocol Implementation Conformance Statement (PICS)
Proforma (Subclause 14.10)

— IEEE Std 802.3p-1993 and IEEE Std 802.3q-1993; Guidelings for the Development of Managed
Objects (GDMO) (ISO/IEC - 10165-4) Format for Layer-Managed Objects (Clause 5) and Layer
Management for 10 Mb/s Baseband Medium Attachment Units (MAUS) (Clause 20)

—IEEE-Std 1802.3d-1993; Type LOBASE-T Medium: Attachment Unit (MAU) (Conformance Test
Methodology (Clause 6)

At the time this standard was published, there was revision and supplementary matcrial that had been
approved and scheduled for publication. Also, a new edition of ISO/IEC 8802-3 was in preparation to con-
solidate a significant amouint of the above material. Information on the current state of this and other IEEE
802 standards may be obtained from

Secretaty, IEEE Standards Board
445 Hoes Lane

PO.Box 1331

Piscataway, NJ 08855-1331
USA

IEEE 802 committee working documents are available from

IEEE Document Distribution Service
AlphaGraphics #35 Attn: P. Thrush
10201 N. 35th Avenue

Phoenix, AZ 85051

USA

Patent information

The IEEE Standards Board calls attention to the fact that it is claimed that portions of IEEE Std 802.3u-1995
are the subject of patents owned by a number of companics. The IEEE takes no position with: respect to
patent validity. Each of these companies has assured IEEE that it is willing to grant a licens¢ on these patents
on reasonable and nondiscriminatory terms to anyong wishing to obtain such a license. The undertakings of
these companies in this respect are on file with the IEEE Standards Department, and the license details may
be obtained by contacting the Standards Department.

This is anyArchive IEEE Standard. It has been superseded by a later version of this standard.
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Participants
When the IEEE 802.3 Working Group approved IEEE Std 802.3u-1993, it had the following membership:

Geoffrey O. Thompson;, Chair
Peter Tarrant, Type 100BASE-T Task Force Chair, Phase 1
Howard Frazier, 1ype [00BASE-1 lask Force Chair, Phase 2
Paul Sherer, Editor-in-Chief, Phase 1
Howard Johnson, Edifor-in-Chief, Phase 2
Colin Mick; Comment Editor

Martin Adanis Walter Hurwitzf William Quackenbush
Don Aelmore Emie Jensen Thomas J. Quigley
Paul Ahrens Clarence Joh Mohammad Rajabzadeh
Vish Akella Anthony Jordan Shlomo Rakib
Abe Ali Dieter Junkers Brian Ramelson
Nitish Amin Omer Kal Peter Rautenberg
Mike Armstrong Ron Kao Dennis Rehm
Denis Beaudoin Yongbum Kim Victor Renteria
Larry Birenbaum* Srinivas Kola Sean Riley

Mark Bohrer Josef Kozilek Gary Robinson
Paul Booth* George Kuboveik Khosrow Sadeghi
Samuel Bourche Hans Lackner David Schwartz
David Bourque FErik Lander Stephen Sedio
Sidney Bouzaglo David Law* Rich Seifert
Richard Bowers Chun-Tsung Lee Koichiro Seto
Richard Brand Jack Lee Chen-Chung Shih
Charles E. Brill Vincent Lefebvre Som Sikdar

Bill Bunch? Richard Lewis Charan J. Singh*
Peter Campbell Sam Liang Paramjeet (P. J.) Singh
Kiwon Chang Chan-De Lin Dinah Sloan
Samuel Chéang Chang-Chi Liu Tom Slykhouse
Howard Charney Terry Lockyer Michael Smith
Hon Wah Chin Ken Lu Dror Sofer
Jacques Christ Andy I Luque Gregory Somer
Ronald J. Cooper Brian MacLeod Walter Sotelo
Ron Crane Kenneth MacLeod Peter Staub

Tan Crayford* Joseph Mazor Ron Sulyma
Robert Curtis Mike McConnell Daniel Sze
Bemard Daines John McCool Martin Takessian
Sean Dingman Tim McShane Wen-Tsung Tang
Thuyen Dinh Mart L. Molle Tim Teckman
Dan Dove Shimon Muller Douglas Thomson
James Doyle Samba Murthy Nader Vijeh

Peter Ecclesine Larry Nicholson Moshe Voloshin
Dean Edwards Paul Nikolich Tkuo Wakayama
George Eisler Ahmad Nouri Chang Jung Wang
Nick Esser I. Michael O’ Connor Yun-Che Warig
Jim Everitt Lloyd Oliver Ken Ward

David Fischer Pat Overs Bob Watson

Alan Flatman Sandeep Patel David Wong
Christian G: Folting John Payne Paul Woodruff*
Atsuhisa Fukuoka Tony Peatfield Nariman Yousefi
Wolfgang Heidasch Jamie Zartman

* served as sub-task force chair or clause editor
T-served as clause editor but was not.a'working group niember at thie time of ballot

This is an Archive IEEE Standard. It has been superseded by a later version of this standgyd.
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Howard Johnson
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Mikio Kiyono
Kenneth C. Kung
David Law

Lanse M. Leach
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IEEE Standards for Local and Metropolitan Area Networks:

Supplement to Carrier Sense Multipie Access with Collision
Detection (CSMA/CD) Access Method and Physical Layer
Specifications

Revisions to ISO/IEC 8802-3 : 1993 [ANSVIEEE Std 802.3,
1993 Edition]

EDITORIAL NOTES

1—The following changes to ISG/IET S882-3 1 1993 [ANSIIEEE Std $02.3, 1993 Bdition] {and supplements 80234~
1993, BO2.3k-1002, BOZ 31007, and 802 Apdae 1903 affert clanses 1,2, 4, 5, 14, 19, 20, Annex A, and Anmsen D These
chaages nast also be apphed fo the 1995 adition of ISOAEC 8802-3, which will incorporate all the supplements.

&-The text as shown twludes ediorial changes thet acormrenodate recent changes 1o the TEEE style.

3—Editing insirnctions are shown in baid frelie typs. Wheve modifizations sre made to prragraphs of existing text, dele-
tions are shown i sietkethrough-tupe and sdditions are pnderscored. Fditorial notes will uot by carried over int future
editions.

Replace figure I-1 with the following:

08
REFERENCE LAN
MODEL CRMAICD
LAYERS LAYERS
APPLICATION HIGHER LAYERS
PRESENTATION $LC—LOGICAL LINK CONTROL
RN % SRR
SESSION - @ : 2 T
TRANSPORT g ~ : AR
NETWORK
DATA LINK
PHYSICAL
1 Mbis, 16 Mbis 10 Mbis 1080 Mbis
AL = ATTACHMENT UNIT INTERFADE PLS = PHYSICAL LAYER SIGNALING
M = MEDIUIM DEPERDENT INTERFACE PES = PHYRICAL CODING SUBLAYER
Ml = MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
WAL = MEDIUM ATTACHMENT LT PHY = PHYSICAL LAYER DEVIOE

PRD = PHYSICAL MEDIUM DEPENDENT

NOTE—The thrse types of layers balow the MAC sublayver are mutually independent.
* ALK s opBonsd for 10 Mbis systems and is not specified for 1 Mbds suowd 100 Bbfs systems.
» Kt is optional for 18 Mbis DTEs and by 100 Mivs systems and {5 nat specified ke 1 MIYs systems.
¢ 2D & specified o 1D0BASE X only; 100BASE- T4 does not use this layer.
For an exposed AU residing below an M sea 225

Figure 1-1—LAN standard relationship o the 180 Opens Systems Interconnection
{081 reference model
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IEEE
Std 802.3u-1995 SUPPLEMENT TO:802:3:

Change 1.1.1 1o read as follows:

The Carrier Sense Multiple Access with Collision Detection (CSMA/CD) media access method is the means
by which-two or more stations share a common transmission medium. To transmit, a station waits-(defers)
for a quiet period on the medium (that is, no other ‘station is transmitting) and then sends the intended mes-
sage in bit-serial form. If; after initiating'a transmission, the message collides with that of anothier station,
then each transmitting station -intentionally -sends-afew-additional bytes transmits for an additional pre-
dcfined period to-cnsure propagation of the collision throughout the system. The station remains silent fora
random amount of time (backoff) before attempting to transmit again. Each aspect of this access method
process is specified in-detail in subsequent sections of this standard.

This is' a comprehensive standard for Local Arca Nelworks e¢mploying CSMA/CD as (hie aceess miethod.
This standard is intended to encompass several media types and techniques for signal rates of from 1 Mb/s to
20-Mb/s 100 Mb/s This-edition of the standard prov1des the necessary specifications for 10-Mb/s-baseband
2 and-sy pit- three families of systems: a 1 Mb/s
baseband system 10 Mb/ s baseband and broadband systems; and a 100 Mb/s baseband system.

Change 1.1.2.2 to read as follows:
Twe Three important compatibility interfaces are defined within what is architecturally the Physical Layer:

a) - Medium Dependent Interfaces (MDI). To communicate in a compatible mannet; all stations shall
adhere rigidly to the exact specification of physical media-signals defined in Section clause 8 (and
beyond) in this standard, and to the procedures that define correct behavior of a-station. The
medium-independent aspects of the LLC sublayer and the MAC sublayer should not be taken as
detracting from this point;.communication by way of the ISO/IEC 8802-3 [ANSI/IEEE Std 802.3]
Local Arca Network requires complete compatibility ‘at the Physical Medium interface (that is, the
coaxial physical cable interface).

by - Attachment Unit Interface (AUD). It is anticipated that most DTEs will be located some distance from
their connection to the ceaxial physical cable. A small amount of circuitry will exist in the Medium
Attachment Unit (MAU) directly adjacent to the eoaxdal physical cable, while the majotity of the
hardware and all of the software will be placed within the DTE. The AU is defineéd as a second com=
patibility interface. While conformance with this interface is not strictly necessaty to ensure commu-
nication, it is highly recommended, since it allows maximum flexibility in intermixing MAUs and
DTEs. The AUI'may be optional or not specified for some-implementations of this standard that are
expected to be connected directly to the medium and so do-not use a separate MAU or its intercon=
necling AUT cable. The PLS and PMA are (hen partof a single unit, and no explicit AUT implemern-
tation'is required.

¢) - Media Independent Interface (Mil). It is anticipated that some DTEs will be connected to a remote
PHY. and/or to-different medium dependent PHY's. The MILis defined as a third compatibility inter-
face. While conformance with implementation of this interface is not strictly necessary to- ensure
communication, it is highly recommended, since it allows maximum flexibility in intermixing PHY's
and DTEs. The MII is optional.

1.3 References
Replace 1.3 with the following:

The following standards contain provisions which, through references in this text, constitute provisions of
this International Standard. At the time of publication, the editions indicated were valid. All standards are
subject to revision, and parties to agreements based on this International Standard are encouraged to investi-
gate the possibility of applying the most recent editions of the standards listed below. Members of IEC and
ISO maintain registers of currently valid International Standards.

This is amArchive IEEE Standard. It has been superseded by a later version of this standard.
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EDITORIAL NOTE—In the following references; changes are not indicated. by strikethroughs and underscores:

ANSI'X3.237-1995, Rev 2.1.(1 January 1995), FDDI Low-Cost Fibre Physical Layer—Medium Dependent
(LCF-PMD) (ISO/IEC €D 9314-9).

ANSIX3.263: 1995, Revision 2.2 (1 March 1995), FDDI Twisted Pair—Physical Medium Dependent (TP-
PMD) (ISO/IEC-CD 93 14-10).

CISPR 22: 1993, Limits and Methods of Measurement of Radio Interference Characteristics of Information
Technology Equipment.!

IEC 60, High-voltage test techniques.?
IEC 68, Basic environmental testing procedures.

IEC 96-1: 1986, Radio-frequency - cables, Part 1: General requirements and. measurement methods; -and
Amendment 2:1993.

IEC 169-8: 1978 and -16: 1982, Radio-frequency connectors, Part 8: Radio-frequency coaxial connectors
with inner diameter of outer conductor 6.5 mm (0.256 in) with bayonet lock-—Characteristic impedence
50-ohms-(Type BNC) and Part 16: Radio-frequency coaxial connectors with inner dianicter of outer conduc-
tor 7' mm (0.276 in) with screw coupling—Charactetistic impedence 50 ohms (75:0hms) (Type N).

IEC-380: 1985, Safety of electrically energized office machines.
IEC 435: 1983, Safety of data processing equipment.4

IEC 603-7: 1990, Connectors for frequencies below 3 MHz for use with printed boards, Part 7: Detail speci-
fication for connectors, 8-way, including fixed and free connectors with. common mating features.

IEC 793-1:1992; Optical fibres, Part 1: Generic specification.

IEC 793-2: 1989, Optical fibres, Part 2: Product specifications.”

IEC 794-1: 1993, Optical fibre ¢ables, Part 1: Generic specification.
IEC 794-2: 1989, Optical fibre cables; Part 2: Product specifications.

IEC 807-2: 1992, Rectangular connectors for frequencies below 3 MHz, Part 2: Detail specification for-a
range of connectors with assessed quality, with trapezoidal shaped mietal shells: and round contacts—Fixed
solder contact types:

IEC 825-1: 1993, Safety of laser products, Part 1: Equipment classification, requirements and uset’s guide:

1CISPR documents are availablé from the Interational Electrotéchnical Comirission; 3 tue de Varembeé, Case: Postale 131, CH 1211,
Geneve: 20; Switzerland/Suisse. CISPR. documents are also -available in the United - States fromi the: Sales Departrent, American
National Standards Institute; 11 West-42nd Street, 13th Floor; New York, NY 10036, USA.

2IEC publications aré ‘available from International Eléctrotechnical Comtission: TEC puiblications are also ‘available in the United
Slales rom the Arrierican Nalional Standards Institute:

3IEC 380: 1985 was withdrawn in 1991. It has been replaced by IEC 950: 1991.
YEC 43571983 was withdrawn in' 1991 It has been replaced by TEC 950: 1991.

Ssubclause 9:9 s to be read with the understanding that the following changes to IEC 793-2: 1989 have been requested: a) Correction of
the numerical-aperture tolerance in‘table [11'to +0:015;-and b):Addition of another bandwidth category of 150 M Hz referred to 1 kmy for
the type A 1b fibre in table IIL.

This is an Archive IEEE Standard. It has been superseded by a later version of this standayd.
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IEC 874-1: 1993, Conncctors for optical fibres and cables, Part 1. Generic specification.

IEC 874-2: 1993, Connectors foroptical fibres and cables, Patt 2: Sectional specification for fibre optic con=
nector—Type F-SMA.

IEC 950: 1991, Safety of information technology equipment, including electrical business equipment.®

IEC 1076-3-101: 1995 [48B Secretariat 276], Detail specification for a range of shielded connectors with
trapezoidal shaped shells and nonremovable rectangular contacts ona 1.27 x 2.54 millimeter centerline.”

IEEE Stg 802-1990, IEEE Standards for Liocal and Metropolitan Arca Networks: Overview and Architecture
(ANSI):

IEEE Std 802.1F-1993, 1EEE Standards fotr Local and Metropolitan Area Networks: Common Definitions
and Procedures for IEEE 802 Management Information (ANSI).

ISO 2382-9: 1984, Data processing—Vocabulary—Part 9: Data communications.”
ISO 7498: 1984, Information processing systems—Open Systems Interconnection—Basic Reference Model.

ISO/IEC 8824: 1990, Information technology—Open Systems Interconnection—Specification of Abstract
Syntax Notation One (ASN. 1).

ISOAEC 8825::1990, Information. technology—Open Systems - Interconnection—Specification of Basic
Encoding Rules [or Abstract Syrilax Notation One (ASN:1):

ISO 9314-1: 1989, Information processing systems—Fibre: Distributed Data: Interface: (FDDI)—Part " 1:
Token Ring Physical Layer Protocol (PHY).

1SO 9314-2: 1989, -Information processing systems=—Fibre Distributed Data. Tnterface: (FDDI)-—Part: 2:
Token Ring Media Access Control (MAC):

ISO 9314-3:-1990; Information processing  systems—Fibre -Distributed- Data Interface (FDDI)—Part . 3:
Physical Layer Medium Dependent (PMD):

ISOAEC 10040: 1992, Information technology—Open Systems Interconnection—Systems management
overview.

ISO/IEC '10164-1: 1993, Information  technology—Open ~Systems  Interconnection—Systems manage-
ment—Object Management Function.

ISO/IEC 10165-1: 1993, Information technology—Open Systems Interconnection—Management informia-
tion services—Structure-of management information—Management Information Model.

ISO/IEC 10165-2: 1992, Information technology—Open Systems: Interconnection—Management informa-
tion services—Structure of management information—Definition of management information.

SIEC 950: 1991 teplaces IEC 380: 1985 dnd 435 1983
7Presently this is a‘committee-draft.

SIEEER publications -are available from the Institute of Electrical and Electronics: Enginigers; Service ‘Center;-445 Hoes: Lane; P.O. Box
1331, Piscataway, NJ.08855-1331, USA.

°ISO “and ISO/IEC publications ‘are: available from the. International Organization for Standardization, Case Postale 56, 1 rue de
Varembé; CH-1211; Geneve 20, Switzerland/Suisse: They are-also available in the United States from the American National Standards
Institute:

This is anyArchive IEEE Standard. [t has been superseded by a later version of this standard.
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ISO/IEC 10165-4: 1992, Information technology—Open Systems Intetconnection—Management informa-
tion services—Structure of management information—Part 4 Guidelines for the definition of managed
objects.

ISO/IEC 7498-4: 1989, Information processing systems—Open Systems Interconnection—Basic Reference
Model—Part 4: Management framework.

ISO/IEC 8877:-1992, Information technology—Telecommunications and information exchange between
systems—Interface connector and contact assignments for ISDN Basic Access Interface located at reference
points Sand T.

ISO/IEC 9646-1: 1994, Information technology-——Open - Systems_ Interconnection—Conformance - testing
methodology and framework—Part 1: General concepts.

ISO/IEC 9646-2: 1994, Information techhology—Open  Systems Interconnection—Conformance testing
methodology and framework—Part 2: Abstract Test Suite specification.

ISO/IEC 10165-4: 1992, Information technology—Open Systems Intérconnection—Structure of manage-
ment information—~Part 4; Guidelines for the definition of managed objects.

ISO/IEC 11801: 1995, Information technology—Genetic cabling fot customer premises.

NOTE~—TLocal and national standards such as those supported by ANSL EIA, IEEE, MIL, NPFA, and UL are not a for-
mal part of the ISO/IEC: 8802-3 standard except where nio international standard-equivalent exists. Reference to such
local or national standards-may be useful resource material and are located in annex A.

1.4 Definitions

EDITORIAL NOTE—The definitions subclauses within several clauses of ISO/IEC: 8802-3 are consolidated in this
revised clause: In the following definitions; changes are not indicated by strikethroughs and underscores. See the end of
this subclause for further-editing instructions.

Replace 1.4 with the following text:

1.4.1 100BASE-FX: IEEE 802.3 Physical Layer specification for a 100 Mb/s CSMA/CD LAN over two
optical fibers. (See IEEE 802.3 clauses 24 and 26.)

1.4.2 100BASE-T: IEEE 802.3 Physical Layer specification for a 100 Mb/s CSMA/CD LAN. (See IEEE
802.3 clauses 22:and 28.)

1.4.3 100BASE-T4: IEEE 802.3 Physical Layer specification for a 100 Mb/s CSMA/CD LAN over four
pairs of Category 3, 4, and 5 unshielded twisted-pair (UTP) wire. (See IEEE 802.3 clause 23.)

1.4.4 100BASE-TX: IEEE 802.3 Physical Layer specification for a 100 Mb/s CSMA/CD LAN over two
pairs of Category 5 UTP or shielded twisted-pair (STP) wire. (See IEEE-802.3 clauses 24 and 25.)

1.4.5 100BASE-X: IEEE 802.3 Physical Layer specification for a 100 Mb/s CSMA/CD LAN that uses-the
PMD sublayer and MDT of the ISO 9314 group of standards developed by ASC X3T12(FDDI). (See IEEE
802.3 clause 24.)

1.4.6 10BASE?2: IEEE 802.3 Physical Layer specification for a 10-Mb/s CSMA/CD LAN over RG 58 coax-
ial cable. (See IEEE 802 .3 clause 10-)

1.4.7 10BASES: IEEE 802.3 Physical Layer specification for a 10 Mb/s CSMA/CD LAN over coaxial cable
(i.c., thicknet). (See IEEE 8023 clause 8.)

This is an Archive [EEE Standard. It has been superseded by a later version of this standard.

RUCKUS Ex 1007-pg. 22


3djc
Sticky Note
None set by 3djc

3djc
Sticky Note
MigrationNone set by 3djc

3djc
Sticky Note
Unmarked set by 3djc


IEEE
Std 802.3u-1995 SUPPLEMENT TO:802:3:

1.4.8 10BASE-F: IEEE 802.3 Physical Layer specification for a 10 Mb/s CSMA/CD LAN over fiber optic
cable. (See IEEE 802.3 ¢lause 15.)

1:4.9 10BASE-FB port: A porton a repcatct that contains an intcrnal 10BASE-FB Mcdium' Attachment
Unit (MAU) that can connect to a similar port on:another repeater. (See IEEE 802.3 clause 9, figure 15-1(b)
and 17.3.)

1.4.10 10BASE-FB segment: A fiber optic link segment providing a point-to-point connection between two
10BASE-EB ports on repeaters. (See link segment IEEE 802.3 figure: 15-1(b) -and figure 15-2.)

1.4.11 10BASE-FL segment: A fiber optic link segment providing point-to-point connection between two
10BASE-FL MAUSs. (See¢ link segment IEEE 802.3 figure 15.1 (¢) and figure 15-2.)

1.4.12 10BASE-FP segment: A fiber optic mixing segment, including one 10BASE-FP Star and all ‘of the
attached fiber pairs. (See IEEE 802.3 figure 15-1(a), figure 15-2, and mixing segment.)

1.4.13 10BASE-FP Star: A passive device that is used to couple fiber pairs together to-form a 10BASE-FP
segment. Optical signals received at any input port of the- 10BASE-FP Star are distributed to-all of its output
ports (including the output port of the optical interface fromi which it was received). A 10BASE-FP Star is
typically comprised of a passive-star couplet; fiber optic connectors, and a suitable mechanical housing. (See
IEEE 802.3, 16.5.)

1.4.14 10BASE-T: IEEE 802.3 Physical Laycr spccification for a 10 Mb/s CSMA/CD LAN ovcr two paits
of twisted-pair telephone wire. (See IEEE 802.3 clause 14.)

1.4.15 10BROAD36: IEEE 802.3 Physical Layet specification for 10 Mb/s CSMA/CD: LAN -over single
broadband cable: (See IEEE 8023 clause 11.)

1.4.16 1BASES: 1EEE 802.3 Physical Layer specification for 1 Mb/s. CSMA/CD LAN over two. pairs of
twisted-pair telephone wire. (See IEEE 802.3 clause 12.)

1.4.17 ability: A mode that a-device can advertise using Auto-Negotiation.-For modes that represent a type
of data service, a device shall be able to-operate that data service before it may advertise this ability. A device
may support multiple abilitics. (See IEEE 802.3, 28.2.1.2.2.)

1.4.18 Acknowledge Bit: A bit used by IEEE 802.3 Auto-Negotiation to indicate that a station has success-
fully received multiple identical copies of the Link Code Word. This bit is only set after an identical Link
Code Word has been received three times in succession. (See IEEE 802.3,28.2.1.2.4.)

1.4.19 advertised ability: An operational mode that is advertised using Auto-Negotiation. (Sec IEEE 802.3,
28.2.1.2.2)

1.4.20 agent code: A term-used to refer to tietwork management entity software residing in' a node that can
be used to remotely configure: the host system based on commands received from the network control host,
collect information documenting the operation of the host, and communicate with the network control host:
(See IEEE 802.3 clause 30.)

1.4.21 agent: A term used to refer to the managed nodes in a network. Managed nodes are those nodes that
contain.a network management entity (NME), which can be used to configure the node and/or collect data
describing operation of that node. ‘The agent is controlled by a network control host or manager that contains
both an NME and network: management application (NMA) software to control the operations of agents.
Agents include systems that support user applications as well as nodes that provide communications services
such as front-end processors, bridges, and routets. (See [EEE 802.3 ¢clause 30.)

This is argArchive IEEE Standard. It has been superseded by a later version of this standard.
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1.4.22 agile device: A device that supports automatic switching between multiple Physical Layer technolo-
gies. (See IEEE 802.3 clause 28.)

1.4.23 Attachment Unit Interface (AUID): In 10 Mb/s CSMA/CD, the interface between the MAU and the
data terminal equipment (DTE) within a data station. Note that the AUI carries encoded signals and provides
for duplex data transmission. (Se¢ IEEE 802.3 clauses 7 and 8.)

1.4.24 Auto-Negotiation: The algorithm that allows two devices at eithet end of a link segment to negotiate
common data service functions. (Sec IEEE 802.3 ¢lause 28.)

1.4.25 balanced cable: A cable consisting of one or more metallic symmetrical cable elements (twisted
pairs or quads). (From ISO/IEC 11801: 1995.)

1.4.26 Base Link Code Word: The first 16-bit message exchanged during IEEE 802.3 Auto-Negotiation;
(See IEEE 802.3,28.2.1.2.)

1.4.27 Base Page: See: Base Link Code Word.

1.4.28 baseband coaxial system: A system whereby: information is ditectly encoded and impressed upon
the transmission medium. At any ‘point on the medium only one information signal at a time can be present
without disruption.

1.4.29 baud: A unit of signaling speed. expressed as the number of times per second the signal can change
the ¢lectrical state of the transmission ling or other medium. Nofe—Depending on the encoding strategies; a

signal event may represent -a single bit, more, or less that one bit. Contrast with: bit rate; bits per second.
(From IEEE Std 610.7-1995 [A16].1%)

1.4.30 Binary Phase Shift Keying (Binary PSK or BPSK): A form of modulation in which binary data are
transmitted by changing the carrier phase by 180-degrees. (See IEEE 802.3 clause 11.)

1.4.31 bit cell: The time interval used for the transmission of a single data (CDO or CD 1) or control (CVH or
CVL) symbol.

1.4.32 bit rate (BR): The total number of bits per second transferred to or from the Medium Access Control
(MAC). For example, LO0BASE-T has a bit rate of one hundred million bits per second (10% b/s).

1.4.33 bit time (BT): The:duration of one bit as transferred to and from the MAC. The bit time is the recip-
rocal of the bit rate. For example, for 100BASE-T the bit rate is 10~® s or 10 ns.

1.4.34 BR/2: One half of the BR in Hertz.
1.4.35 branch cable: In 10BROAD36, the AUT cable interconnecting the DTE and MAU sy stem components.

1.4.36 bridge: A layer 2 interconnection device that does not form patt of a CSMA/CD collision domain but
rather, appears as a MAC to the collision domain. (See also TEEE Std 610.7-1995 [A16].)

1.4.37 Broadband LAN: A local aréa network in which information is transmitted on ‘modulated carriers,
allowing coexistence of multiple simultancous services on a single physical medium by frequency -division
multiplexing. (See- IEEE 802.3 clause 11.)

10Numbers in brackets correspond to those of the additional referénce material in‘annex A

This is an Archive IEEE Standard. It has been superseded by a later version of this standard.
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1.4.38 bundle: A group of signals that have a common set of characteristics and differ only in their informa-
tion content.

1.4.39 carrier sense: In a local arca network, an ongoing activity of a data station to detect whether another
station is transmitting. Note—The carrier sense signal indicates that one or more DTES ate currently trans-
mitting;

1.4.40 Category 3 balanced cabling: Balanced 100 | and 120 | cabling (cable and associated connecting
hardware) whose transmission characteristics are specified up to 16 MHz (i.¢:; performance meets the
requirements.of a Class C link in-accordance with ISO/IEC. 11801: 1995). Commonly used by IEEE 802:3
10BASE-T installations. In addition to the requirements outlined in ISO/IEC 11801: 1995, IEEE 802.3
clause 23 specifies additional requirements for these cables when used with 100BASE-T4.

1.4.41 Category 4 balanced cabling: Balanced 100 | and 120 | cabling (cable ‘and associated connecting
hardware) “whose transmission characteristics are - specified: up - to 20 MHz  in accordance with ISO/
IEC 11801: 1995, In addition to the requirements outlined in ISO/IEC: 1.1801: 1995, IEEE 802.3 clause 23
specifies additional requirements for these ¢ables when used with 100BASE-T4:

1.4.42 Category S balanced cabling: Balanced 100 | and 120 | cabling (cable and associated connecting
hardware) whose transmission characteristics are specified up to 100 MHz (i.¢., performance mects the
requirements of a Class D link as per ISO/IEC 11801:1995). In addition to: the Tequirements outlined in
ISO/MIEC 11801: 1995, IEEE 802.3 clauses 23 and 25 specify additional requirements for these cables when
used with 100BASE-T.

1.4.43 CATV-Type broadband medium: A broadband system comprising coaxial cables. taps, splitters,
amplifiers, and connectors the same as those used in Community Antenna Television (CATV) or cable televi-
sion installations. (Se¢ IEEE 802.3 ¢lause 11.)

1.4.44 center wavelength: The average of two optical wavelengths at which the spectral radiant intensity is
50% of the maximum value. (Se¢ IEEE 802.3 clause 11.)

1.4.45 channel: A band of frequencies dedicated to:a certain service transmitted on the broadband mediun.
(Sce IEEE 802.3 clausc 11.)

1.4:46 circuit: The physical medium on which signals are carried across the AUT for 10BASE-T ot MII (for
100BASE-T). For 10BASE-T, the dataand control circuits consist of an A circuit and a B ‘circuit forming a
balanced transmission system so that the signal carrieron the B circuit is the inverse of the signal catried-on
the A circuit.

1.447 Class I repeater: A typc of 100BASE-T repeater sct with intcrnal dclay such that only onc. repcater
set may exist between any two DTEs within a single collision domain when two maximum length copper
cable segments are used. (See IEEE 8023 clause 27.)

1.4.48 Class II repeater: A type of IEEE 802.3 100BASE-T repeatet set with internal delay such that only
two or fewer such repeater sets may exist between any two DTEs within a single collision domain when two
maximum length copper cable segments-are used. (See IEEE 802.3 clause 27.)

1.4.49 Clocked Data One (CD1): A Manchester-encoded data 1. A CD1 is encoded as a. LO for the first half
of the bit-cell and a HI for the second half of the bit-cell: (See IEEE 802.3 ¢lause 12.)

1.4.50 Clocked Data Zero (CDO0): A Manchester-encoded data 0. A CDO is encoded- as a-HI for the first
half of the bit-cell and a LO for the second half of the bit-cell. (See IEEE 802.3 clause:12.)

This is argArchive IEEE Standard. It has been superseded by a later version of this standard.
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1.4.51 Clocked Violation HI (CVH): A symbol that deliberately violates Manchester-encoding rules, used
as a part of the Collision Presence signal: A CVH is encoded as a transition from LO to HI at the beginning
of the bit:cell, HI for the entire bit ¢ell, and a transition from HI to LO at the end of the bit cell. (See IEEE
802.3 clause 12.)

1.4.52 Clocked Violation LO (CVL): A symbol that deliberately violates Manchester-encoding rules, used
as-apart of the Collision Presence signal.. A CVL is:encoded as a transition from HI to L O at the beginning
of the bit cell, LO for the entire bit cell, and a transition from.LO to HI at the end of the bit cell. (See IEEE
802.3 clause 12.)

1.4.53 coaxial cable interface: The clectrical and mechanical interface to the shared coaxial cable medium
either contained within ot .connected to the- MAU. Also known as the Medium Dependent Interface: (MDL).

1.4.54 coaxial cable section: A single length of coaxial cable; terminated at each end with.a male BNC con-
nector: Cable sections are joined to other cable sections via BNC plug/receptacle barrel or Type T adapters.

1.4.55 coaxial cable segment: A length of coaxial cable made up from one or more coaxial cable sections
and coaxial connectors; and terminated at each end in its characteristic impedance.

1.4.56 coaxial cable: A two-conductor (¢enter conductor, shield system), concentric, constant impedance
transmission line used as the trunk medium in the baseband system.

1.4.57 Code Rule Violation (CRV): An analog waveform that is not the result of the valid Manchester-
encoded output of a-single optical transmitter. The collision of two or mote. 10BASE-FB optical transmiis-
sions will cause multiple CRVs: The preamble encoding of a single 10BASE-FP optical transmission con=
tains a single CRV. (See IEEE 802.3, 16.3.1.1.)

1.4.58 code-bit: In 100BASE-X, the unit of data passed across the PMA service interface; and the smallest
signaling element used for transmission on the medium. A-group of five code-bits constitutes a code-group
inthe TOOBASE-X PCS. (Sec IEEE 802.3 clause 24.)

1.4.59 code-group: For [EEE 802.3; a set of encoded symbols representing encoded data or control infor=
mation. For 100BASE-T4, asct of six ternary symbols that, when representing data, conveys an octet. (See
IEEE 802.3 clause 23.) For 100BASE-TX and 100BASE-FX, a set of five code-bits that, when representing
data, conveys a nibble. (See IEEE 802.3 ¢clause 24.)

1.4.60 collision domain: A single CSMA/CD network. If two or more MAC sublayers are within the same
collision domain and both transmit at the same time, a-collision will occur. MAC sublayers separated by a
repeater-are in the same collision domain. MAC sublayers separated by a bridge are within different colli-
sion domains.

1.4.61 collision presence: A signal gencrated within the Physical Layer by an end station or hub to-indicate
that multiple stations are ‘contending for access to the transmission medium: (See IEEE 802.3 clauses 8 and 12:)

1.4.62 collision: A condition that results from concurrent transmissions from multiple DTE sources within a
single collision domain.

1.4:63 common-mode voltage: The instantancous algebraic average of two signals applied to a balanced
circuit, with-both signals referenced to-a common reference. Also called longitudinal voltage in the tele-
phone industry.

1.4.64 compatibility interfaces: The MDI ¢able; the AUI branch cable, and the MII; the three points at

which hardware compatibility is defined to allow connection of independently designed and manufactured
c¢omponents to-a baseband transmission medium. (See IEEE 802.3 clause 8.)

This is an Archive IEEE Standard. It has been superseded by a later version of this standayd.
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1.4.65 continuous wave (CW): A carrier that is hot modulated or switched.

1.4.66 Control Signal One (CS1): An encoded control signal used on the Control In and. Control Out ¢ir=
cuits. A’ CS1 is encoded as a signal at half the bit rate (BR/2). (See IEEE 802.3 ¢lause 12.)

1.4.67 Control Signal Zero (CS0): An encoded control signal used on the Control In-and Control Out ¢ir-
cuits. A CS0 is éncoded as a signal at the bit rate (BR). (Se¢ IEEE 802.3 ¢clause 12.)

1.4.68 cross connect: A group of connection points; often 'wall- or rack-mounted in a wiring closet, used to
mechanically terminate and interconnect twisted-pair building wiring.

1.4.69 data frame: Consists of the Destination Address, Source Address, Length Field; logical link control
(LLC) Data; PAD, and Frame Check Sequence:

1.4.70 Data Terminal Equipment (DTE): Any source or destination of data connected to the LAN.

1.4.71 dBmV: Decibels referenced to 1.0 mV measured at the same impedence. Used to define signal levels
in CATV-type broadband systems. (See IEEE 802.3 clause 11.)

1.4.72 dedicated service: A CSMA/CD network in which the collision:domain ¢onsists of two and only two
DTEs so that the total network bandwidth is dedicated to supporting the flow of information between them.

1.4.73 differential-mode voltage: The instantaneous algebraic difference between the potential of two sig-
nals applied to-the two sides of a balanced circuit. Also-called metallic voltage in the telephone industry.

1.4.74 drop cable: In. 10BROAD?36, the sniall diameter flexible coaxial cable of the broadband medium that
connects to-a MAU. (See: trunk cable.)

1.4.75 eight-pin modular: An ¢ight-wire connectot. (From ISO/IEC 8877: 1992.)
1.4.76 End-of-Stream Delimiter (ESD): A code-group pattein used to terminate a normal data transmis-
sion. For 100BASE-T4, the ESDis indicated by the transmission of five predefined ternary code-groups

named copl-5. (See IEEE 802.3 clause 23.) For 100BASE-X, the ESD is indicated by the transmission of
the code-group /T/R. (See IEEE 802.3 clause 24.)

1.4.77 Extinction Ratio: The ratio. of the low optical power level to the high optical power level on an opti-
cal segment. (See IEEE 802.3 clause 15.)

1.4.78 Fast Link Pulse (FLP) Burst: A group of no more than 33 and not less than 17 10BASE-T compati-
ble link integrity test pulses. Each FLP Burst encodes 16 bits of data using an alternating clock and-data
pulse sequence: (See figure 14-12, IEEE 802.3 clause 14 and figure 28-4,. IEEE 802.3 clause 28.)

1.4.79 Fibre Distributed Data Interface (FDDI): A 100 Mb/s, fiber optic-based. token-ring LAN standard
(ANSIL.X3T12, formerly X3.237-199X.

1.4.80 fiber optic cable: A cable containing one or more optical fibers as specified in IEEE 802.3, 15.3.1.

1.4.81 Fiber Optic Inter-Repeater Link (FOIRL): A Fiber Optic Inter-Repeater Link segment and its two
attached MAUS. (See IEEE 802.3 clause 15.)

1.4:82 Fiber Optic Inter-Repeatér Link Segment (FOIRL: Segment): A fiber optic link segment provid-

irg a poini-lo-point contection between two FOIRL - MAU s ot between orie FOIRL MAU -and orie 10BASE-
FL. MAU. :See: link segmént.
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1.4.83 Fiber Optic Medium Attachment Unit (FOMAU): A MAU for fiber applications. (See IEEE 802.3
clause 9.)

1.4.84 Fiber Optic Medium-Dependent Interface (FOMDI): For 10BASE-E, the mechanical arnd optical
interface between the optical fiber cable link segment and the FOMAU. (Sec IEEE 802.3 clause 9.)

1.4.85 Fiber Optic Physical Medium Attachment (FOPMA): For 10BASE-F, the pottion of the FOMAU
that contains the functional circuitry: (See IEEE 802.3 clause 9.)

1.4.86 fiber pair: Optical fibers interconnected to provide two continuous light paths terminated at each end
in an.optical connector. Any intermediate optical connections niust have insertion and return loss character-
istics that meet ot exceed IEEE 802.3, 15.3.2.1 and 15.3.2.2; respectively. (See IEEE 802:3,15.3.1.)

1.4.87 FOIRL BER: For 10BASE-F, the mean bit error rate of the FOIRL. (See¢ IEEE 802.3 clause 9.)

1.4.88 FLP Burst Sequence: The scquence of FLP Bursts transmitted by the Local Station: This term is
intended to differentiate the spacing between FLP Bursts frorm the individual pulse spacings within an FLP
Burst. (See 1EEE 802.3 ¢lause 28.)

1.4.89 FOIRL collision: For l0BASE-F, the simultancous transmission and reception of data in a FOMAU.
(Sec IEEE 802.3 clause 9:)

1:4.90 FOIRL. Compatibility Interface: For 10BASE-F, the FOMDI and AUI (optional); the two points at
which hardware compatibility is defined to allow connection of independently designed and manufactured
components to the baseband optical fiber cable link segment. (See IEEE 802.3 clause 9.)

1.4.91 FOMAU’s Receive Optical Fiber: For 10BASE-F, the optical fiber from which the local FOMAU
receives signals. (See IEEE 802.3 clause 9.)

1.4.92 FOMAU’s Transmit Optical Fiber: For 10BASE-F. the optical fiber into which the local FOMAU
(ransmils signals. (See IEEE 8023 clause 9:)

1.4.93 full duplex: A type of networking that supports duplex transmission as defined in IEEE. Std 610.7-
1995 :[A16]. Although some types-of full-duplex networking are popularly refeired to as Ethernet because
they use the IEEE 802.3 defined frame, full duplex does: not employ CSMA/CD and is not covered by this
standard.

1.4.94 group: A repeater port or a collection of repeater ports that can be related to the logical arrangement
of ports within a repeater.

1.4.95 group delay: In 10BROAD36, the rate of change of total phase shift, with respect to frequency,
through a component or system. Group delay variation is the maximum difference in delay as a function 6f
frequency overa band of frequencies. (See IEEE 802.3 clause 11.)

1.4.96 headend: In 10BROAD36; the location in a broadband system that serves as the root for the branch-
ing treée comprising the physical mediuni; the point to which all.inbound signals:converge and the point from
which all-outbound signals emanate. (Se¢ IEEE 802.3 clause 11.)

1.4.97 header hub (HH): The highest-level hub in‘a hierarchy of hubs. The HH broadcasts signals transmit-

led o 1t by lower level hiubs or DTEs such (hat they cani be received by all DTEs that may be connected (o-it
either directly or through intermediate hubs. (See IEEE 802.3, 12.2.1 for details.)

This is an Archive IEEE Standard. It has been superseded by a later version of this standgrd.
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1.4.98 hub: A device used to provide connectivity. between DTEs. Hubs petform: the: basic functions: of
restoring signal .amplitude and timing;. collision detection, and notification and signal broadcast to lower
level hubs and DTEs. (See IEEE 802.3 clause 12.)

1.4.99 idle (IDL): A signal condition where no transition occurs on- the transmission line, that is used to
define the end of a frame and ceases to exist after the next LO or HI transition on the AUI or MII ¢ircuits. An
IDLalways begins with a HI signal level. A driver is required to send the IDL signal for-at least 2 bit times
and a receiver is required to detect IDL: within 1:6 bit times. (See IEEE 802.3,:7.3 and 12.3.2.4.4 for addi-
tional details.)

1.4.100 in-band signaling: The transmission of a signal using a frequency that is within the bandwidth of
the information channel. Contrast with: out-of-band signaling. Syn: in-channel signaling. (From IEEE Std
610.7-1995 [Al6].)

1.4.101 Inter-Repeater Link (IRL): A mechanism for connecting two-and only two repeater sets.

1.4.102 Inter-Packet Gap (IPG): A delay or lime gap between CSMA/CD ‘packets inlended (o provide
interframe recovery: time for other CSMA/CD sublayers and. for the:Physical Medium: (See IEEE 8023,
4.2.3.2.1:and 4.2.3.2.2.) For example, for 10BASE-T; the IPG is 9.6 «s (96 bit times); for 100BASE-T, the
TPGis (.96 o5 (96 bit times:)

1.4.103 intermediate hub (IH): A hub that occupies any level below the header hub in a hierarchy of hubs.
(See IEEE 802.3, 12.2.1 for details.)

1.4.104 Jabber function: A mechanism for controlling abnormally long transmissions (i.c., jabber.)

1:4.105 jabber: A condition whetein a station transmits for a period of time longer than the maximum per-
missible packet length, usually due to-a fault condition.

1.4.106 link: The transmission path between any  two interfaces of  generic cabling. (From  ISO/
IEC 11801:1995.)

1.4.107 Link Code Word: The 16 bits of data encoded into a Fast Link Pulse Burst. (See IEEE 802.3 clause
28)

1.4.108 link partner: The device at the opposite end of a link segment from the local station. The link part-
ner device may be either a DTE or arepeater. (See IEEE 802.3 clause 28.)

1.4.109 link pulse: Communication mechanisn used in 10BASE-T and 100BASE-T netwotks: to indicate
link status and (in Auto-Negotiation-equipped devices) to communicate information about abilitics and
negotiate communication methods. I0BASE-T uses Normal Link Pulses (NLPs), which indicate: link status
only. LOBASE-T and 100BASE-T nodes equipped with Auto-Negotiation exchange information using a Fast
Link Pulse (FL.P) mechanisni that is compatible with NLP. (See IEEE 802.3 clauses 14 and 28.)

1.4.110 link segment: The point-to-point full-duplex mediunm connection between two and only two MDIs.

1.4.111 Link Segment Delay Value (LSDV): A number associated with a given segment that represents the
delay on that segment. used. to- assess path delays for 100 Mb/s CSMA/CD networks. LSDV is similar to
SDV; however, LSDV valucs do not include the dclays associatcd with attached ¢nd stations and/or rcpcat-
ers. (See IEEE 802.3, 29.3))

1.4.112 local ability: See: ability.

This is anjarchive IEEE Standard. It has been superseded by a later version of this standard.
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1.4:113 local device: The local device that may attempt to Auto-Negotiate with: a link partner. The local
device may be ecither a DTE or repeater. (See IEEE 802.3 clause 28.)

1.4.114 Media Access Control (MAC): The data link sublayer that is responsible for transferring data to
and from the Physical Layer.

1.4.115 Media Independent Interface (MII): A transparent signal interface at the bottom of the Reconcili-
ation sublayer. (See IEEE802.3 clause 22.)

1.4:.116 Medium Attachment Unit (MAU): A device containing an AUT, PMA; and MDI that s used to
connect-a repeater or DTE to a transmission medium.

1.4.117 Medium Dependent Interface (MDI): The mechanical and electrical interface between the trans-
mission medium and the MAU. (10BASE-T) or PHY (100BASE-T).

1.4.118 Message Code (MC): The predefined 12-bit code contained in an Auto-Negotiation Message Page.
(Sec IEEE 802.3 clause 28.)

1.4.119 Message Page (MP): An Auto-Necgotiation Next Page encoding that contains a predefined 12-bit
message code. (See IEEE 802.3 clause 28.)

1.4.120 Management Information Base (MIB): A repository of information to describe the operation-of a
specific network device.

1.4.121 mixing segment: A mediuni that may be connected to more than two MDIs.

1.4.122 network control host: A network management central control center that is used to configure
agents, communicate with agents, and display information collected from agents:

1.4.123 Next Page Algorithm (NPA): The algorithm that governs Next Page communication. (See IEEE
802.3 clause 28.)

1.4.124 Next Page Bit: A bit in the Auto-Negotiation base Link Code Word or Next Page encoding(s) that
indicates that further Link Code Word transfer is required. (Se¢ IEEE 8023 ¢clause 28.)

1.4.125 Next Page: General class of pages optionally transmitted by Auto-Negotiation-able devices follow-
ing the base Link Code Word negotiation. (See IEEE 8023 clause 28.)

1.4:126 nibble: A group of four data bits. The unit of data exchange on the MIIL: (Sec IEEE 8023 clause 22.)

1.4.127 NLP Receive Link Integrity Test Function: Auto-Negotiation’s Link Integrity Test function that
allows.backward compatibility with the 10BASE-T Link Integrity Test function of 1IEEE 802.3 figure 14-6.
(See IEEE 802.3 clause 28.)

1.4.128 NLP sequence: A Normal Link Pulse sequence; defined in IEEE 802.3, 14.2.1.1 as TP_IDL.

1.4:129 Normal Link Pulse (NLP): An out-of-band communications mechanism used in 10BASE-T to
indicate link status. (Se¢ IEEE 802.3 figure 14-12.)

1.4.130: NRZI-bit: A code-bit transferred in NRZI format. The unit of data passed actoss the PMD service
interface in 100BASE-X.

This is an Archive IEEE Standard. It has been superseded by a later version of this standgrd.
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1.4:131 NRZI: Non-Return-to-Zero, Invert on Ones. An encoding technique used in FDDI (ISO 9314-1:
1989, ISO9314-2: 1989, ISO 9314-3: 1989) where a polarity transition represents a logical ONE. The
absence of a polarity transition denotes a logical ZERO.

1.4.132-octet: A byte composed of eight bits. (From IEEE Std 610.7-1995 [A16].)
1.4.133 Optical Fiber Cable Interface: See.: FOMDI.

1.4.134 Optical Fiber Cable Link Segment: A length of optical fiber ¢able that contains two optical fibers
and is comprised of one or more optical fiber cable sections and their means of interconnection, with-each
optical fiber terminated at each end in the optical connector plug. (See IEEE 802.3,9.9.5.1 and 9.9.5.2.)

1.4.135 optical fiber: A filament-shaped optical waveguide made of dielectric materials.

1.4.136 Optical Idle Signal: The signal transmitted by the FOMAU- into its transmit optical fiber during the
idle state of the DO circuit. (See¢ IEEE 802.3 clause 9.)

1.4.137 Optical Interface: The optical input and output connection interface to-a 10BASE-FP Star. (Sce
IEEE 802.3 clause 15.)

1.4.138 out-of-band signaling: The transmission of a signal using a frequency that is within the pass band
of the transmission facility but outside a frequency range normally used for data transmission. Contrast
with: in-band signaling. (From IEEE Std. 610.7-1995 [A16].)

1.4.139 packet: Consists of ‘a data frame as defined previously, preceded by the Preamble and the Start
Frame Delimiter, encoded, as appropriate, for the PHY type.

1.4.140 page: In Auto-Negotiation, the encoding for a Link Code Word. Auto-Negotiation can suppott an
arbitrary number of Link Code Word encodings. The base page has a ‘constant encoding as defined in
28.2.1.2. Additional pages may have a predefined encoding {see: Message Page) or may be custom encoded
(see: Unformatted Page).

1.4:141 parallel detection: In Auto-Negotiation, the ability to detect 100BASE-TX -and 100BASE-T4 tech-

nology specific link signaling while ‘also-detecting the NLP s¢quence or FLP Burst sequence. (See IEEE
802.3 clause 28.)

1.4.142 Passive-Star Coupler: A component of a 10BASE-FP fiber optic mixing segment that divides opti-
cal power received at any of N input ports among all N output ports. The division of optical power is approx-
imately uniform. (See IEEE 8023 clause 15.)

1.4.143 patch cord: Flexible cable unit or element with connectors(s) used to establish connections on a
patch panel. (From ISO/IEC 11801:1995.)

1.4.144 patch panel: A cross-connect designed to accommodate the use of patch cords. It facilitates admin-
istration for moves and changes. (From ISO/IEC 11801: 1995))

1.4.145 Path Delay Value (PDV): The sum-of all S¢gment Delay Values for all segments along a given path.
(See TEEE 802.3 clauses 13 and 29.)

1.4.146 Path Variability Value (PVV): The sum-of all Segment Variability Values for all the segments along
a given path. (See IEEE 802:3 clause 13.)

1.4.147 path: The sequence of segments-and repeaters providing the connectivity between: two: DTES in-a
single collision domain. In CSMA/CD networks there is one and only one path between any two DTEs.

This is am#4rchive IEEE Standard. It has been superseded by a later version of this standard.
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1.4.148 Physical Coding Sublayer (PCS): A sublayer used in 100BASE-T to couple the MIL and the PMA.
The PCS contains the functions to encode data bits into code-groups that can be transmitted over the physi-
cal medium. Two PCS structures-are defined for 100BASE-T—one for 100BASE-X and one for 100BASE-
T4. (See IEEE 802.3 clauses 23 and 24.)

1.4.149 Physical Layerentity (PHY): The portion of the Physical Layer between the MDI and MII consist-
ingof the PCS,; PMA, and, if present, PMD sublayers. The PHY contains the functions that transmit, receive,
and manage the ¢ncoded signals that are impressed on and recovered from the physical medium. (See IEEE
802.3 clauses 23-26.)

1.4.150 Physical Medium Attachment (PMA) sublayer: That portion of th¢ Physical Layer that contains
the functions for transmission, collision detection, reception, and (in the case of 100BASE-T4) clock recov-
ety and skew alignment. (See IEEE 802.3 clauses 23 and 24.)

1.4.151 Physical Medium Dependent (PMD) sublayer: In 100BASE-X, that portion of the Physical Layet
responsible for interfacing to the transmission medium. The PMD is located just above the MDI: (See IEEE
802.3 clause 24.)

1.4.152 Physical Signaling Sublayer (PLS): In 10BASE-T, that portion of the Physical Layer contained
within the DTE that provides the logical and functional coupling between the MAU and the Data Link Layer.

1.4.153 port: A segment or IRL interface of a repeater unit.

1.4.154 postamble: In 10BROAD?36; the bit pattern appended after the last bit of the Frame Check
Sequence by the MAU. The Broadband End-of-Frame Delimiter (BEOFD). (See IEEE 802.3 clause 11.)

1.4.155 Priority Resolution Table: The look-up table used by Auto-Negotiation to select the network con-
nection type where more than one common: network ability exists (100BASE-TX, 100BASE-T4, 10BASE-
T, etc.) The priority resolution table defines the relative hierarchy of connection types from the highest coms-
mon denominator to the lowest common denominator. (See IEEE 802.3 clause 28.)

1.4.156 quad: See: starquad.

1.4.157 Reconciliation Sublayer (RS): A 100BASE-T mapping function that reconciles the signals at the
MII t6 the MAC-PLS setvice definitions. (See IEEE 802.3 ¢lauise 22.)

1.4.158 remote fault: The generic ability of a link partner to signal its status even in the event that it may not
have an operational receive link. (See IEEE 802.3 clause 28.)

1.4.159  renegotiation: Restart of the Auto-Negotiation algotithm caused by management or user interac-
tion: (See IEEE 802.3 clause 28.)

1.4.160 repeater port: See: port.

1.4.161 repeater set: A repeater unit plus its associated Physical Layer interfaces (MAUs or PHYs) and, if
present; AU or MI Interfaces (i.e., AUTs; MIIs).

1:4.162 repeater unit: The portion of a repeater that is inboard of its PMA/PLS or PMA/PCS intetfaces.

1.4.163 repeater: A device used to-extend the length, topology or interconnectivity of the physical medium
beyond that imposed by a single segment, up to the maximum allowable end-to-end trunk transmission line
length. Repeaters perform the basic actions of restoring signal amplitude, waveform, and timing applied to

the fiormal dala and collision signals. For wired slar (opologics; repealers provide a dala distribution luric-
tion. In 100BASE-T, a device that allows the interconnection of 100BASE-T Physical Layer network

This is an Archive IEEE Standard. It has been superseded by a later version of this standgyd.
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segments using similar or dissimilar PHY implementations (¢.g., l00BASE-X t0 100BASE-X; [00BASE-X
to 100BASE=T4, etc.). (See IEEE 802.3 clauses 9 and 27.)

1.4.164 Return Loss: In 10BROAD36, the ratio in decibels of the power reflected from a. port to the power
incident to the port. An indicator of impedance matching ina broadband systeni. (See IEEE 802.3 clause 11.)

1.4.165 router: A layer 3 interconnection device that appears as a MAC to a CSMA/CD collision domain.
(See IEEE Std 610.7-1995 [A16].)

1.4.166 Seed: In' 10BROAD36, the 23 bits residing in the scrambler shift register prior to the transmission of
apacket. (See IEEE 802.3 clause 11.)

1.4.167 Segment Delay Value (SDV): A number associated with a given segment that represents the delay
on that segment including repeaters and end stations, if present, used to assess path:delays for 10 Mb/s
CSMA/CD networks. (See IEEE 802.3,13.4.)

1.4.168 Segment Variability Value (SVV): A number associated with a given segment that represents. the
delay variability on that segment (including a repeater) for 10 Mb/s CSMA/CD networks. The SV Vs for dif-
ferent segment types are specified in IEEE 802.3 table 13-3. (See IEEE 802.3, 13.4.)

1.4.169 segment: The medium connection; including connectors, between MDIs in.a CSMA/CD LAN.

1.4.170 Selector field: A five-bit ficld in the Base Link Code Word encoding that is used to-encode up to:32
types of messages that define basic abilitics. For example, selector field 00001 indicates that the base tech-
nology is IEEE 802.3. (See IEEE 802.3 clause 28.)

1.4.171 shared service: A - CSMA/CD nelwork in which the collision: domain consisis ol more: than (wo
DTEs so that the total network bandwidth is shared among them.

1.4.172 shielded twisted-pair (STP) cable: An ¢lectrically conducting cable. comprising one or more ele-
ments, cach of which is individually shielded. There may be an overall shicld; in which case the cable is
referred to as shielded twisted pair cable with an overall shield. (From ISO/IEC 11801:1995.) Specifically
for TIEEE 802.3 100BASE-TX, 150 ’ balanced inside cable with performance characteristics specified to
100 MHz (i.e., performance to Class D link standards as per ISO/IEC 11801: 1995). In addition to the
requirements: specified in ISO/IEC 11801: 1995, IEEE 802.3 clauses 23 and- 25 provide additional petfor-
mance requiretients for 100BASE-T operation over STP.

1.4.173 Simplex Fiber Optic Link Segment: A single fiber path between two MAUs or PHY s, including

the terminating: connectors, consisting of one ‘or more fibers joined serially with appropriate connection
devices, for example, patch cables and wall plates. (See IEEE 802 .3 clause 15.)

1.4.174 simplex link segment: A path between two MDIs; including the terminating connectors, consisting
of one or morc segments of twisted pair cable joined serially with appropriate connection devices, for exam-
ple, patch cords and wall plates. (See IEEE 802 3 figure 14-2.)

1.4.175 skew between pairs: The diffcrence in arrival times of two initially coincident signals propagated
over two different pairs, as measured. at the receiving end of the cable. Total skew includes contributions
from transmitter circuits as well as the cable.

1.4.176 special link (SL): A transmission system that replaces the normal medium. (See IEEE 802.3, 12.8.)

1.4.177 Spectral Width, Full-Width Half Maximum (FWHM): The absolute difference betwéen the
wavelengths at which the spectral radiant intensity 1s 50% of the maximum:. (See IEEE 802.3 clause 15.)

This is amarchive IEEE Standard. It has been superseded by a later version of this standard.
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1.4.178 spectrum mask: A graphic representation of the required power distribution as a function of fre-
quency for a modulated transmission.

1.4.179 star quad: A cable element that comprises four insulated connectors twisted together. Two diamet-
rically facing conductors form a transmission pair. Note—Cables containing star-quads can be used inter=
changeably  with cables consisting of - pairs, provided the ¢lectrical characteristics ~meet the  same
specifications. (From ISO/IEC 11801: 1995.)

1.4.180 Start-of-Stream Delimiter (SSD): A pattern of defined code words used to delineate the boundary
of a data transmission sequence on the Physical Layer stream. The SSD is unique in that it may be recog-
nized independent ‘of previously defined code-group boundaries and it defines subsequent code-group
boundaries for the stream it delimits. For 100BASE-T4, SSD is a pattern of three predefined. sosb code-
groups (one per wire - pair) indicating the positions of the- first data code-group on each wire pair. For
100BASE-X, SSD consists of the code-group sequence /J/K/.

1.4.181 stream: The Physical Layer encapsulation'of a MAC frame. Depending on the particular PHY, the
MAC frame may be modified or have information appended ot prepended to it to facilitate transfer through
the PMA. Any. conversion from a MAC frame to-a PHY stream and back to a MAC frame is transparent to
the MAC. (See IEEE 802.3 clauses 23 and 24.)

1.4.182 symbol: The smallest unit of data transmission on the medium: Symbols are unique to the coding
system employed. 100BASE-T4 uses ternary symbols; 10BASE-T and 100BASE-X use binary symbols ot
code bits.

1.4.183:symbol rate (SR): The total number of symbols per second transferred to or from the Media Depen-
dent Interface (MDI) on a single wire pair. For 100BASE-T4, the symbol rate is 25 megabaud; for
100BASE-X, the 'symbol rate is 125 megabaund.

1.4.184 symbol time (ST): The duration of onc symbol as transferred to and from the MDI via a single wire
pair. The symbol time is the reciprocal of the symbol rate.

1.4.185 Technology Ability Field: An eight-bit ficld in the Auto-Negotiation base page that is used to indi-
cate the abilitics ‘of a local station; such as suppott for I0BASE-T, 100BASE-TX, 100BASE-T4, as well as
full-duplex capabilities.

1.4.186 ternary symbol: In 100BASE-T4, a ternary data element. A ternary symbol can have one of three
values: =1, 0, or+1.(See IEEE 802.3 clause 23.)

1.4.187 translation: In a single-cable 10BROAD36 system, the process by which incoming transmissions at
one frequency are converted into another frequency for outgoing transmission. The translation takes place at

the headend. (See IEEE 802.3 clause 11.)

1.4.188 truncation loss: In a modulated data waveform, the power difference before and after implementa=
tion filtering necessary to'constrain its spectrum to a specified frequency band.

1.4.189 trunk cable: The main (often large diameter) cable of a-coaxial cable systenm. (See: drop cable.)

1.4.190 - twisted-pair cable binder group: A group of twisted pairs within a.cable that are bound together.
Large telephone ¢ables have multiple binder groups with high interbinder group:near-end crosstalk loss.

1.4.191 twisted-pair cable: A bundle of multiple twisted pairs withina single protective sheath. (From ISO/
IEC 11801: 1995))

1.4.192 twisted-pair link: A twisted-pair cable plus connecting hardware. (From ISO/IEC 11801:.1995.)

This is an Archive |IEEE Standard. It has been superseded by a later version of this standgrd.
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1.4.193 twisted-pair link segment: In 100BASE-T; a twisted-pair link for connecting two PHYSs.

1.4.194 twisted pair: A cable clement that consists of two insulated conductors twisted together in a regular
fashion to form a balanced transmission line. (From ISO/IEC-11801: 1995.)

1.4.195 Unformatted Page (UP): A Next Page encoding that contains an unformatted 12-bit message field.
Use of this field is defined through Message Codes and information contained in the UP. (Se¢ IEEE 802.3,
28.2.1.2)

1.4.196 unshielded twisted-pair cable (UTP): An ¢lectrically condiicting cable, comprising ‘one: or more
pairs, hone of which is shielded. There may be an overall shield, in which case the cable is referred to-as
unshielded twisted pairwith overall shield. (From ISO/IEC 11801::1995.)

1.4.197 weight of 6T code group: The algebraic suni of the logical ternary symbol values listed in the
100BASE-T4 8B6T code table. (See IEEE 802.3¢clause 23.)

Remove the definitions from 7.1.1, 8.1.2,°9.2, 10.1.2, 11.1.2, 12.1.3, 13.2, 14.1.2, 15.1.2, and 19.1.3 and
insert the following text under each of these subclauses:

See 1.4.

This is amgrchive IEEE Standard. It has been superseded by a later version of this standard.

RUCKUS Ex 1007-pg. 35


3djc
Sticky Note
None set by 3djc

3djc
Sticky Note
MigrationNone set by 3djc

3djc
Sticky Note
Unmarked set by 3djc


IEEE
CSMAICD

Std 802.3u-1995
2. MAC service specification

Replace figure 2-1 with the following:

osl
REFERENCE LAN
MODEL CSMA/CD
LAYERS LAYERS
HIGHER LAYERS
APPLICATION
PRESENTATION / LLC—LOGICAL LINK.CONTROL
SESSION / MAC—MEDIA ACCESS CONTROL
TRANSPORT / PLS | | RECONCILIATION | [ RECONCILIATION
NETWORK
DATA LINK AUl —p PHY
soal | MU {[ pva_] | PMA | “*PMD
PHYSICA vol—»] ] vDl —»[ | vDl—»] |
% MEDUM S £ MEDIUMS MEDIUM
1 Mbls, 10 Mb/s 10 Mbrs 100 Mbis

AUl = ATTACHMENT UNIT INTERFACE
MDI-= MEDIUM.DEPENDENT INTERFACE
MIl = MEDIA INDEPENDENT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT

PLS = PHYSICAL LAYER SIGNALING
PCS = PHYSICAL CODING SUBLAYER
PMA =PHYSICAL MEDIUM ATTACHMENT
PHY = PHYSICAL LAYER DEVICE

PMD = PHYSICAL MEDIUM DEPENDENT

NOTE—The three types of layers below the: MAC sublayerare mutually independent.

*.AUl'is optional for 10 Mb/s systems and is not specified for 1 Mb/s and 100 Mb/s systems.
**MIl'is-optional for 10-Mb/s' DTEs:and for 100 Mb/s systems and is not specified for 1 Mb/s systems:.
*** PMD:is specified for T00BASE-X only; 100BASE-T4 does not use this layer.
For'an exposed. AUl residing below an Mll; see 22.5.

Figure 2-1—Service specification relation to the LAN model

This is an Archive IEEE Standard. It has been superseded by a later version of this standgrd.
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4. Media Access Control
Replnce figure 4-1 with the following:

SUPPLEMENT TO 802 %

O
REFERENCE ot
MODEL i
LAYERS 3
APPLICATION HIGHER LAYERS
PRESENTATION LLE—LOGICAL LINK CONTROL
SESSION LA et
TRANSPORT ECONCILIATION
Ml e T,
HE TWORK 3
pATA LK S A - L AU e T > PHY
N MAULD PMA ] PMA | EMD )
PHYSICAL T I~ B B o e~
4 MEDUM S < MEDIUM <
1 M, 10 bibls 10 M 100 Mbis

Al = ATTACHMENT UNIT INTERFACE
MDD = MEDIUM DEPENDENT INTERFACE
81 = MEDIA INDEPENDENT INTERFACE
MALL = MEDILM ATTACHMENT UNIT

PLS = PHYBICAL LAYER SIGNALING
PCS = PHYSICAL CODING SUBLAYER
PIAA = PHYSBICAL MEDIUM ATTACHMENT
PHY = PHYSICAL LAYER REVICE

PR = PHY SICAL MEDILM DEPENDENT

NOTE—The ihree types of lapers below the MAC subleyer are mutually ndependent.

* A s optionat for 10 WMbfs systems and is not specified for 1 Mbis and 100 Mbis systems,

** B s optional for 310 Mbds DIEs and §or

0 Mbis systems and 6 not spadified for 1 M/ systems.

= PRD s specifiod or 10DBASEX only; 1DBBASE-TY doos naol uyse this layer
For an exposed AU residing below an Mil, see 225

Figure 4-1—MAC sublayer partitioning, relationship to the 150 Dpen Systems
Interconnection {O3h reference model

Add w 4.4.2 the follpwing subolouse:

4.4.2.3 Parameterized values

The following parameter values shall be used for

100 MbSs mmplementations:

Parameters Values
stodTime 212 hit thss
ierFravneliap 896 ps
attensptlimit i6
backoffLims 136
jamSize 32bis
manFramelize 1518 ootets
punFrameiize S11 bits {£4 axtets)
addrossSize 4% bis

WARNING—Any devimtion From the sbhove specified valnes may sffect proper operation of the network.
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5. Layer management
Insert before 5.1:

Clause 5 is deprecated by clause 30.

14. Twisted-pair Medium Attachment Unit (MAU) and baseband medium,
Type 10BASE-T

EDITORIAL NOTE—The following changes add references to Auto-Negotiation and specifications for Auto-Negotia-
tion to the appropriate places in clause 14 of ISO/IEC 8802-3: 1993 JANSI/IEEE Std 802.3-1993 Edition] and IEEE Std
802:31-1992. (These changes will also identically affect the 1995 edition of ISO/IEC 8802-3.) The changes do not alter
the specifications for existing systems.

In 14.2, renumber the list items (1) through (7) as a) through g) and add the following paragraph as the
eighth functional capability:

hy - Aulo-Negotiation. Optionally provides the capabilily for a device at one end of ‘a link segment (o
advertise its abilities to the device at the other end (its link partner), to detect information defining
the abilities of the link partner, and to determine if the two-devices are compatable.

Add to 14.2.1 the following sentence to the end of the paragraph:

The MAU may optionally provide the Auto-Negotiation algorithm. When provided, the Auto-Negotiation
algorithm shall be implemented in accordance with clause 28.

Add to 14.2.1.1 the following paragraph after the fourth paragraph:

For a MAU that implements the Auto-Negotiation algorithm defined in-clause 28, clause 28 shall define the
allowable transmitted link pulse sequence.

Addto 14.2.1.7 the following sentence at.the end of the fourth paragraph:

For a MAU that implements the: Auto-Negotiation algorithm .defined in clause 28, the MAU shall enter the
LINK TEST FAIL RESET state at power-on as specified in clause 28. For a MAU that does not implement
the Auto-Negotiation algorithm defined in clause 28, it is highly recommended that it also power-on in the
LINK TEST FAIL RESET state, although implementations may power-on in the LINK. TEST PASS state.
For-a MAU that impleménts the Auto-Negotiation function defined inclause 28, the Auto-Negotiation Tech-
nology Dependent Interface shall be supported. Supporting ‘the Technology Dependent Interface requires
that in the Link Integrity Test function state diagram ’link  status=OK is added to the LINK TEST PASS
state and "linkstatus=FAIL’ is added to the LINK TEST FAIL RESET state. Note these ISO message vari-
ables follow the conventions of clause 21.

Add to 14.3.1.2.1 the following paragraph after the sixth paragraph:

For a MAU that implements the Auto-Negotiation algorithm defined in clause 28, the FLP Burst Sequence
will consist of multiple link test pulses. All link test pulses in the FLP Burst sequence shall meet the template
requirements of figure 14-12 when nieasured across each of the test loads defined in figure 14-11; both with
the load connected directly to the TD circuit and with the load connected through the twisted-pair model as
defined in figures 14-7 and 14-8.

This is an Archive |IEEE Standard. It has been superseded by a later version of this standgrd.
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Add to 14.10.4.5.1 the following entry as the eighth parameter.

Parameter Section Req Tmp Value/Comment

8 Auto-Negotiation C Function provided by MAUs
implementing the Auto-Nego-
tiation algorithm, as defined in
clause 28

Add this new subclause after 14.10.4.7:

14.10.4.8 PICS proforma tables for Auto-Negotiation-able MAUs

The following are conditional on whether the Auto-Negotiation algorithm is provided (clause 28).

Parameter Section Req Imp Value/Comment
1 TP IDL 14.2:1.1 C Deéfined in ¢lause 28.2.1
2 Link Integrity Test Function 14.2.1.7 C Power-on in Link Test Fail
State Diagram power-on Reset state
default
3 Link Test Fail state exit condi- | 14.2.1.7 C autoneg wait timer expired
tions and either RD) = active ot con-
secutive link test pulses =
3 min., 10 max
4 Technology Dependent Inter- 14.2.1.7 C In the Link: Integrity Test state
face support diagram function
“link status=OK” is -added to
the LINK TEST PASS state
and “link . status=FAIL’ is
added to the LINK TEST FAIL.
RESET state
5 Link test pulse waveform for 14.3.1.2.1 Cc Within figure: 14=10-temiplate
FLP Burst with and without for; all pulses in FL.P Burst,
(wisled-pair model overshool ” 450 mV aller
excursion below =50mV

19. Layer management for 10 Mb/s baseband repeaters
EDITORIAL NOTE-This clause can be found in IEEE Std 802.3k-1992.
Insert the following phrase in front of 19.1:

Clause 19 is deprecated by clause 30.

This is amarchive IEEE Standard. It has been superseded by a later version of this standard.
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20. Layer management for 10 Mb/s baseband Medium Attachment Units
(MAUs)

EDITORIAL NOTE—This clause can be found in IEEE Stds 802.3p&q-1993.

Insert the following phrase in front of 20.1:

Clause 20 is deprecated by clause 30.

Annex A

(informative)'!

Additional reference material

EDITORIAL NOTES

1-=This clause was changed from Annex to Annex A by IEEE Std 802.3j=1993.

2—Inthe tollowing references; changes are not indicated by strikethroughs-and underscores.

3—The reference numbers i this-annex do not correspond to those 0F ISOAEC-8802-3: 1993 or the 1995 edition of ISO/
IEC 8802-3:

Replace annex A with the following:

[A1] ANSI/EIA 364A: 1987, Standard Test Procedures for Low-Frequency (Below 3 MHz) Electrical Con-
nector Test Procedure.

[A2] ANSI/EIA 455-34: 1985, Fiber Optics—Interconnection Device Insertion Loss Test.

[A3] ANSI/EIA/TIA 455-59-1989, Measurement of Fiber Point Defects Using an Optical Time¢ Domain
Reflectometer (ODTR).

[A4] ANSI/EIA/TIA 455-180-1990, FOTP-180, Measurement of the Optical Transfer Coefficients of a Pas-
sive Branching Device (Coupler).

[AS] ANSI/EIA/TIA 526-14-1990, Optical Power Loss Measurements of Installed Multimode Fiber Cable
Plant.

[A6] ANSI/EIA/TIA 568-1991, Commercial Building Telecommunications Wiring Standard.

[A7] ANSI/IEEE S$td 770X3.97-1983, IEEE Standard Pascal Computer Programming Language.

[A8] ANSI/NFPA 70-1993, National Electrical Code.

[A9] ANSI/UL: 94-1990, Tests for Flammability of Plastic Materials for Parts in Devices and Appliances.

[A10] ANSI/UL114-1982, Safety Standard for Office: Appliances and Business Equipme:nt.13

This.annex is informative for the Intemational Standard but normative for IEEE Std 802.3.

IZANSHIEEE Std 770X3:97-1983 has been withdrawi; however, copies-can: be obtained from Global Engincering, 15 Invermess Way.
East, Englewood; CO 80112-5704; USA tel. (303) 792-2181.

I3ANSI/UL 114-1982 was withdrawn and replaced by ANSI/UL, 1950-1994.

This is an Archive IEEE Standard. It has been superseded by a later version of this standgyd.
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[A11] ANSI/UL: 478-1979, Safety Standard for Electronic Data-Processing Units and Systems. 14

[A12] ANSI/UL 1950-1994, Safety Standard for Information Technology Equipment Including Electrical
Business Equipment.

[A13] ECMA-97 (1985), Local Area Networks Safety Requirements:

[A14] EIA CB8-1981, Components Bulletin (Cat 4) List of Approved Agencies, US and Other Countries,
Impacting Electronic Components and Equipment,

[A15] ECC Docket 20780-1980- (Part 15), Technical Standards for Computing Equipment. Amendment of
Part 15 to redefine and clarify the rules governing restricted radiation devices and low-power communication
devices. Reconsidered First Report and Order, April 1980.

[A16] IEEE Std 610.7-1995, IEEE Standard Glossaty of Computer Netwotking Terminology.

[A17] 1EEE Std 802.9a-1995, IEEE Standards for Local and Metropolitan Area Networks: Integrated Ser-
vices (IS) LAN: IEEE 802.9 Isochronous Services with Carricr Sense Multiple Access with Collision Detec-
tion (CSMA/CD) Media Access Control (MAC) Service. 1

[A18] IEEE P1394/D8.0v3, Draft Standard for a High-Performance Serial Bus (July 7, 1995).
[A19] MIL-C-17F-1983, General Specification for Cables, Radio Frequency, Flexible and Semirigid.

[A20] MIL-C-24308B-1983, General Specifications for Connector, Electric, Rectangular, Miniature Polar-
ized Shell; Rack and Panel.

[A21] AMP; Inc., Departmental Publication 5525; Design Guide to Coaxial Taps. Hatrisburg, PA 17105,
USA.

[A22] AMP, Inc., Instruction Sheet 6814 Active Tap Installation. Harrisburg, PA 17105, USA.

[A23] Brinch Hansen, P. The Architecture of Concurrent Programs. Englewood. Cliffs, NJ: Prentice Hall,
1977.

[A24] Digital Equipment. Corpozration; Intel, Xerox, The Ethernet, Version 2.0, November 1982.

[A25] Hammond, J. L., Brown, J. E.; and Liu, S. S. Development of a Transniission Error Model and Error
Control Model. Technical Report RADC-TR-75-138. Rome: Air Development Center (1975).

[A26] Shoch, J. F., Dalal, Y. K.; Redell, 'D. D., and Crane, R. C., “The Evolution of Ethernet,” Computer
Magazine, August 1982,

[A27] UL Subject No 758: UL VW-1, Description of Appliance Wiring Material.

HANSI/UL 478-1979 was withdrawn and replaced by ANSI/UL,. 1950-1994;

ISAg- this standard goss 1o press; IEEE Std 802:94-1995 is approved but not yét publistied. The approved draft standard is; however,
available trom the |EEE. Anticipated publication date is early 1996. Contact the [EEE Standards Department at 1. (908):562-3800. for
status iriformation.
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Annex D

(normative)

GDMO specifications for CSMA/CD managed objects

EDITORIAL NOTE—This annex c¢an be found in TEEE Stds 802 3p&q-1993.

Insert the following note at three places immediately following the headings D1, D2, and D3:

NOTE~The arcs (that is; object identifier values) defined in annex 30A deprecate the arcs previously defined in D1
(T:ayer Management), D2 (Repeater Management), and 13 (MAU Management). See TEEE Std 802.1F-1993; annex C4-

This is an Archive [EEE Standard. It has been superseded by a later version of this standgyd.
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IEEE Standards for Local and Metropolitan Area Networks:

Supplement to Carrier Sense Multiple Access with Collision
Detection (CSMA/CD) Access Method and Physical Layer
Specifications

Media Access Control (MAC) Parameters, Physical
Layer, Medium Attachment Units, and Repeater for
100 Mb/s Operation, Type 100BASE-T (Clauses 21-30)

21. Introduction to 100 Mb/s baseband networks, type 100BASE-T

21.1 Overview

100BASE-T couples the ISO/IEC 8802-3 CSMA/CD MAC with-a family of 100 Mb/s Physical Layers.
While the MAC: ¢an be readily scaled to higher performance levels; new Physical Layer standards are
required for 100 Mb/s operation.

The relationships between 100BASE-T, the existing ISO/IEC 8802-3 (CSMA/CD MACY), and the ISO Open
System Interconnection (OSI) reference model is shown in figure 21-1.

100BASE-T uses the existing ISO/IEC-8802-3 MAC layer interface, connected through a Media-Indepen-
dent Intetface layer to a Physical Layer entity (PHY) sublayer such as 100BASE-T4, 100BASE-TX, ot
100BASE-FX.

100BASE-T extends the ISO/IEC: 8802-3 MAC to 100 Mb/s. The bit rate is faster, bit times are shorter,
packet transmission times are reduced, and cable delay budgets are smaller—all in proportion to the change
in bandwidth. This means that the ratio of packet duration to network propagation delay for 100BASE-T is
the same as for 10BASE-T.

21.1.1 Reconciliation Sublayer (RS) and Media Independent Interface (MIl)

The Media Independent Intetface (clause 22) provides an interconnection between the Media Access Con-
trol (MAC) sublayer and Physical Layer entities (PHY) and between PHY Layer and Station Management
(STA) entities: This MII is capable of supporting both 10 Mb/s-and 100 Mb/s ‘data rates through four bit
wide (nibble wide) transmit and teceive paths: The Reconciliation sublayer provides a mapping between the
signals provided at the MII-and the MAC/PLS service definition.

21.1.2 Physical Layer signaling systems

This standard. specifies a family of Physical Layer implementations. 100BASE-T4 (clause 23) uses four
pairs of ISO/IEC 11801: 1995 Category 3, 4. or 5 balanced «cable. 100BASE-TX (clauses 24 and 25) uses
two pairs of Category 5 balanced cable or 150 | shiclded balanced cable as defined by ISO/IEC
11801: 1995. 100BASE-FX {(clauses 24 and 26) uses two multi-mode fibers. FDDI (ISO 9314 and ANSI
X3T12) Physical Layers are used to provide 100BASE-TX and 100BASE-FX physical signaling channels,
which are defined in 100BASE-X (clause 24).

This is an Archive IEEE Standard. It has been superseded by a later version of this standgrd.
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osl LAN
REFERENCE GSMA/CD
VODEL LAYERS
LAYERS
HIGHER LAYERS
APPLICATION LLC—LOGICAL LINK CONTROL
PRESENTATION MAC—MEDIA ACCESS CONTROL
SESSION [ RECONCILIATION] 100BASE-T R
Baseband
TRANSPORT Repeater
“Mil —p St 100BASE-T
NETWORK Baseband
; PCS PCS PCS Repeater
DATA LINK PMA PMA PMA Set
“ PMD PHY * PMD PHY v PHY
MDI—p | MDI —p| | MDI —»
| MEDIUM | MEDIUM
100 Mb/s link segment 100 Mb/s link segment

MDI = MEDIUM DEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
MII = MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
PHY = PHYSICAL LAYER DEVICE
PMD = PHYSICAL MEDIUM DEPENDENT

* Ml is optional for 10 Mb/s DTEs and for100 Mb/s systems and is not specified for 1 Mb/s systems.
** PMDis specified.for 100BASE-X only; 100BASE-T4 does not use this layer.
Use of Ml between PCS and Baseband Repeater Unit is optional.
*** AUTONEG is optional.

Figure 21-1—Architectural positioning of 100BASE-T

21.1.3 Repeater

Repeater sets (clause 27) are an integral part of any: 100BASE-T network with mote than two DTEs inacol-
lision domain. They extend the physical system topology by coupling two or more segments. Multiple
repeaters are permitted ‘within a single collision domain to provide the maximum path length.

21.1.4 Auto-Negotiation

Auto-Negotiation (clause 28) provides a linked device with the capability to detect the abilities (modes of
operation) supported by the device at the other end of the link; determine commnion -abilities; and configure
for joint operation. Auto-Negotiation is petformed out-of-band using a pulse code sequence that is compati-
ble with the 1T0BASE-T link integrity test sequence.

21.1.5 Management

Managed objects, attributes, ‘and actions are defined for all 100BASE-T components (clause 30). This clause
consolidates all IEEE 802.3 management specifications so that 10 Mb/s; 100 Mb/s: or 10/100 Mb/s agents
can be managed by existing 10 Mb/s-only network management stations with little or no modification to the
agent code.

This is amgrchive IEEE Standard. It has been superseded by a later version of this standard.
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21.2 Abbreviations

This document contains the following abbreviations:

8802-3 ISO/IEC 8802-3 (IEEE Std 802.3)

8802-5 ISO/IEC 8802-5 (IEEE: Std 802.5)

ASIC application-specific integrated circuit
ASN.1 abstract syntax notation one as defined in ISO/IEC 8824: 1990
AUI attachment unit interface

BPSK binary phase shift keying

BR bit rate

BT bit time

CAT3 Category 3 balanced cable

CAT4 Category 4 balanced cable

CAT> Category 5 balanced cable

CDo clocked data zero

CD1 clocked data one

CMIP common management information protocol as defined in ISO/IEC 9596-1: 1991
CMIS common management information service as defined in ISO/IEC 9595: 1991
CMOS complimentaty metal oxide semiconductor
CRC cyclic redundancy check

CVH clocked violation high

CVL clocked violation low

CRV code rule violation

CS0 control signal zero

CS1 control signal one

CwW continuous wave

DTE data terminal equipment

ELFEXT equal-level far-end crosstalk

ESD end of stream delimiter

FCS frame check sequence

FDDI fibre distributed data interface

FEXT far-end crosstalk

FIFO first'in, first-out

FLP fast link pulse

FOIRL fiber optic inter-repeater link

FOMAU fiber optic medium attachment unit
FOMDI fiber optic medium dependent interface
FOPMA fiber optic physical medium attachment
HH header hub

H intermediate hub

IPG inter-packet gap

IRL inter-repeater link

LAN local arca network

LLC logical link control

LSDV link s¢gment delay value

MAC medium access control

MAU medium attachment unit

MC message code

MDELFEXT multiple-disturber-equal-level far-end crosstalk
MDFEXT multiple-disturber far-end crosstalk

MDI medium dependent interface

MDNEXT multiple-disturber near-end crosstalk

MIB management information base

This is an Archive IEEE Standard. It has been superseded by a later version of this standgyd.
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STA

SVV
ucCr
UP

UTP

media independent interface
message page

near-end crosstalk

normal link pulse

next page algorithm

non return to zero and invert on ones
physical coding sublayer

path delay value

Physical Layer entity sublayer
protocol implementation conformance statement
physical signaling sublayer
physical medium attachment
physical medium dependent
physical medium independent
path variability value
reconciliation sublayer
start-of-stream delimiter
segment delay value
start-of-frame delimiter
symbol rate

symbol tine

station management entity
shiclded twisted pair (Copper)
segment variability value
unconditional transition
unformatted page

unshielded twisted pair

21.3 References

SUPPLEMENT TO:802:3:

References are shown beginning on-pages 2 and 23 -of this document (as updates to 1.3 and annex A).

21.4 Definitions

Definitions are shown beginning on page 5 of this document:(as‘an update to: 1.4).

21.5 State diagrams

State machine diagrams take precedence over text.

The conventions of 1.2 are adopted, with the following extensions:

21.51 Actions inside state blocks

The actions inside a state block exe¢cute instantancously. Actions inside state blocks:are atomic (i.¢.; uninter-

ruptible).

After performing all the actions listed in a state block one time; the state block then continuously ‘evaluates
its exit conditions until one is satisfied, at which point control passes through a transition arrow to the next
block. While the state awaits fulfillment of on¢-of its ¢xit conditions, the actions inside do not implicitly

repeat.

This is amérchive IEEE Standard. It has been superseded by a later version of this standarc.
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The characters « and [bracket] are nof used to-denote any special meaning;

Valid state actions may include .indicate and - request messages.

No actions ar¢ taken outside of any ‘state block.

21.5.2 State diagram variables

Once set, variables retain their values as long as succeeding blocks contain no references to them.

Setting the parameter of a formal interface message assures that, ‘'on the next transmission of that message,
the last parameter value set will be transmitted.

Testing the parameter of a formal interface messages tests the value of that message parameter that was
received on the last transmission of said message. Message parameters may be assigned default values that
persist until the first reception of the relevant message.

21.5.3 State transitions
The following terms are valid transition qualifiers:

a) - Boolean expressions

b) - Aneventsuch as the expiration of a timer: timer done

¢) . Anevent such as the reception of a:message: PMA. UNITDATA: indicate
d)- - An unconditional transition: UCT

¢) A branch taken when other exit conditions are not satisfied: EL.SE

Any open arrow (an arrow with no source block) represents a global transition. Global transitions are evalu-
ated continuously whenever any state is evaluating its exit conditions. When a global transition becomes
true; it supersedes all other transitions, including UCT, returning control to the block pointed to by the open
arrow.

21.5.4 Operators

The state machine operators are shown intable 21-1.

Table 21-1—State machine operators

Character Meaning
* Boolean AND
+ Boolean OR
A Boolean XOR
! Boolean NOT
< Less than
" Less than or equal to
= Equals (a test of equality)
T Not.equals
> Greater than or-equal to
> Greater than
) Indicates precedence
= Assignment operator
€ Indicates membership
¢ Indicates nonmembership
ELSE No other state condition is satisfied

This is an Archive IEEE Standard. It has been superseded by a later version of this standgrd.
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21.6 Protocol Implementation Conformance Statement (PICS) proforma
21.6.1 Introduction

The supplier of a protocol implementation that is claimed to conform to any part of the IEEE 802.3u
100BASE-T clauses 21 through 30 shall complete a Protocol Implementation Conformance ‘Statement
(PICS) proforma.

A completed PICS proforma. is the PICS for the implementation in-question. The PICS:is a statement of
which capabilities and options of the protocol have been implemented. A PICS is included at the end of each
clause as appropriate. The PICS can be used for a variety of purposes by various pattics, including the
following:

a) - Asa checklist by the protocol implementor, to reduce the risk of failure to conform to the standard
through oversight;

b) - As adetailed indication of the capabilitics of the implementation, stated relative tothe common
basis for understanding provided by the standard PICS proforma, by the supplier and acquirer; or
potential acquirer, of the implementation;

¢)  Asabasis for initially checking the possibility of interworking with -another implementation by the
user, or potential user, of the implementation (note that; while interworking can never be guaranteed,
failure to interwork can often be predicted from incompatible PICS);

d) - As the basis for selecting appropriate tests against which to assess the ¢laim for conformance of the
implementation, by a protocol tester.

21.6.2 Abbreviations and special symbols

The following symbols are used in the PICS proforma:

M mandatory field/function

o optional field/function

O.<i oplional field/[uticlion, but at least ot of (hie group of oplions labeled by
the same numeral <n>-is required

O/<n> optional field/function, but one and only one of the group of options
labeled by the same numeral <n> is required

X prohibited field/function

<item>: simple-predicate condition; dependent on the support marked for <item>

<item1>*<item?2>: AND-predicate condition, the requirement must be met if both optional

items ar¢ implemented
21.6.3 Instructions for completing the PICS proforma

The first part of the PICS proforma;, Implementation Identification and Protocol Summary, is to be com-
pleted as indicated with the information necessary to identify fully both the supplier and the implementation.

The main part of the PICS proformais a fixed-format questionnaire divided into subclauses. each containing
a group of items. Answers to the questionnaire items are to be provided in the right-most column, ¢ither by
simply marking an answer to indicate a restricted choice (usually Yes, No,-or Not Applicable), or by enteting
avalue ora set or range of values. (Note that there are some items where two-or. more choices from a set of
possible answers can apply; all relevant choices are to be marked.)

Each iten is identified by an item reference in the first column; the second column contains the question to

be-atswered; (he third column conlains the reference ot references (o the material that specifies the ilemt in
the main body of the standard; the sixth column contains values and/or comments pertaining to the question

This is amérchive [EEE Standard. It has been superseded by a later version of this standard.
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to be answered. The remaining columns record the status of the items—whether the support is mandatory,
optional or conditional—and provide the space for the answets.

The supplier may also provide, or be requited to provide,. further information, categorized as either Addi-
tional Information or Exception Information. When present; ‘each kind of further information is to be pro-
vided in a further subclause of items labeled A<i> or X<i>; respectively, for cross-reéferencing purposes,
where <i>1is any unambiguous identification for the item (¢.g., simply a numeral); there are no-other restric-
tions on its format or presentation.

A-completed PICS proforma, including any Additional Information and Exception Information, is the: Proto-
col Implementation Conformance Statement for the implementation in question.

Note that where an implementation is capable of being configured in more than one way, according to the
items listed under Major Capabilities/Options, a single PICS may be able to describe all such configurations:
However, the supplier has the choice of providing more than one PICS; each covering some subset of the
implementation’s configiiration capabilities, if that would make presentation of the information ¢asier -and
clearer.

21.6.4 Additional information

Items of Additional Information allow a supplier to provide further information intended to assist the inter-
pretation of the PICS. It is not intended or expected that a large quantity will be supplied, and the PICS ¢an
be considered complete without any such information. Examples might be an-outline of the ways in which-a
(single) implementation can be ‘set up to operate in a variety of environiments and configurations; or a bricf
rationale, based perhaps upon specific application needs, for the exclusion of features that, although
optional, are nonetheless commonly present in implementations.

Referernces (o ilems of Additional Information may be entered next (o aty answer in the questionnaire; and
may be included in items-of Exception Information:

21.6.5 Exceptional information

It may occasionally happen that a supplier will wish to answer an item with mandatory or prohibited status
(after any conditions have been applied) in-a way that conflicts with the indicated requirement. No- pre-
printed answer will be found in the Support column for this; instead, the supplier is required to write into the
Support column an X<i> reference to an item of Exception Information, and to provide the appropriate ratio-
nale in the Exception item itself.

An implementation for which an Exception item is required in this way does not.conform to this:standard.

Note that a possible reason for the situation described above is that a defect in. the standard has been
reported, a correction for which is expected to change the requirement not met by the implementation.

21.6.6 Conditional items

The PICS proforma contains a number of conditional items. These are items for which botli the applicability
of the item itself, and its status if it does apply—mandatory, optional, or prohibited—are dependent upon
whether or not certain othet items are supported.

Individual conditional items are indicated by a conditional symbol of the form “<item>:<s>” in the Status

columir, where “<ilem>” is an ilein reference that appears in the first columin of (he table for soine: other
item, and “<s>” i§ a status symbol, M (Mandatory), O (Optional), or X (Not:Applicable).

This is an Archive IEEE Standard. It has been superseded by a later version of this standgya.
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If the item referred to by the conditional symbol is marked as supported, then 1) the conditional itent is
applicable; 2) its status 1s given by “<s>”, and 3) the support columin is to be completed in the usual way.
Otherwise, the conditional item is not relevant and the Not Applicable: (N/A) answer is to be marked.

Each item whose reference is used ina conditional symbol is indicated by an asterisk in the Item column.

21.7 Relation of 100BASE-T to other standards

Suitable entrics for table G1 of ISO/IEC 11801: 1995, annex G, would be as follows:

a) - Within the section Balanced Cable Link Class C (specified up to 16 MHz):

CSMA/CD 100BASE-T4 ISO/IEC 8802-3/DAD 1995 4

b) - Within the section Optical Link:
CSMA/CD 100BASE-FX ISO/IEC 8802-3/DAD 1995 2

¢) - Within the section' Balanced Cable Link Class D (Defined up to 100 MHz):
CSMA/CD 100BASE-TX ISO/IEC 8802-3/DAD - 1995 -2

NOTE—To support. 100BASE-T4 applications, class C links shall have a NEXT value of at least 3 dB in excess of the
values specified in 6.2.4.

Suitable entries for table G2 of ISO/IEC 11801 1995, annex G, would be as follows:

Balanced cabling Performance based cabling per clause 6
per clauses 5,7, and 8 Class A Class B Class C Class D
clcj|lc|lec|c|c
ala|ala|ala
tt e e e e 1
3|4 S |34 ]SS0 25025 )0o]2]S5|0]|2]|SF
L)1) )elolelo]lol 001010001010
13 SV T 1 - A 1 1 I A ) O
01000 ([0]0
1 I O
8802:3: 100BASE-T4 | I* (1" | I I |1 I 1
8802-3: 100BASL-TX T Iy r I

*8802-3 imposes additional requiremerts on propagation delay-:

This is amérchive [EEE Standard. It has been superseded by a later version of this standard.
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A suitable entry for table G3-of ISO/IEC 11801:-1995, annex G, would be as follows:

Fibre Optical link per clause 8
per5,7,and 8 Horizontal Building backbone | Campus backbone
6251 625/ 625/ 62:5/
155 | 5025 | 10425 [ B0 | s0/125 | 10125 | GOS0 | 80125 | 10/125 | COC | S0/125 | 107125
i o om i oam oum ot om oam i oum oam
AvE | MME [CMME [ | MME | MME. | g | MME | MMF | oo | MME | MMF

8802-3: 100BASE-FX [N I N I N I N I

21.8 MAC delay constraints (exposed MIl)

100BASE-T makes the following assumptions about MAC performance. These assumptions apply ‘to-any
MAC with an exposed MII used with a [00BASE-T PHY.

Table 21-2—MAC delay assumptions (exposed MIl)

Sublayer ; (o i
icasurement Event Mln Max Input timing Output timing
. (bits) (bits) reference reference
points
MAC &MII MAC transmit start to TX._EN 4 TX_CLK
sampled rsing
CRS-assert to MAC detect 0 8
CRS de-assert to MAC detect 0 8
CRS:assert to TX. EN sampled 16 TX.CLK
(worst case nondeferred transmit) rsing
COL assert to MAC detect 0 8
COL de-assert to MAC detect 0 8
COL assert to TXD=Jam 16 TX CLK
sampled (worst-case collision rising; first
response) nibbleof jam

This is an Archive IEEE Standard. It has been superseded by a later version of this standgyd.
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22. Reconciliation Sublayer (RS} and Media Independent Interface {(Mii)

22.1 Qverview

This clamse defines the logical, electrical, and mechanical characteristics for the Reconciliation Sublavey
{RS) and Medis Independent Interfzce (MID} betwesn CSMATD media access controllers and varions
PHYs, Figore 22-1 shows the relenionsbup of the Reconciliation sublayer and M ro the 18O (IEEE) O]
reference model.

Q5

LAYERS LAYERS
APPLICATION HIGHER LAYERS
PRESENTATION
SESSION
TRANSPORT
NETWORK
DATA LINK
PHYSICAL ATONEG J
Mo~ |

100 dbis

MDY = MEDIUM DEPENDENT INTERRCE
R = MEDIUM INDEPENDENT INTERRCE

PUS = PHYSICAL CODING SUBLAER
Pa = PHYSICAL MEDHUR STACHMENT
PHY = PHYSICAL LAYER ENTITY

PMEC = PHYSICAL MEDIUM DEPENDENT

> 341 s oplional br 10 Mbis DTEs and By 100 Mbfs systeme and i3 nol specild for 1 Mbvs systems
** P s speciiod br HIDBASE-TX and -FX anls 100BASE-T4 does aol use s laer
“* MITONEG computicates wih the PMA sullever through the PMA senice intarbce messages
PMA_LINK request and PRA_LINK indicale
e BITONES is optionst,

Figure 22-1—Mi location in the protocol stack

The purpose of this uterface i to provide g stople, inexpensive, and easy-to-mplement inferconnection
between Media Avcess Control (MAL) sublayer and PHYs, and between PHYs and Station Management
{STAY entities.

This wsterface has the follbowing charscteristios:

ay It s capable of supporting both 10 Mbis and 108 Mbix data rates,

bt Datz and delimiters are syachronous to clock references,

ey It provides independent four bit wide transmit and recerve data paths.

4y Buses TTL signal levels, compatible with common digiial CMOB ASIC processes,
2} I provides a sunple management interface.

£y Itis capable of driving a Hmited length of shielded cable,

This s ancidmpbive dbbfed ngdsedbdias been superseded by a later vergion of this standard.
RUCKUS Ex 1007-pg. 53


3djc
Sticky Note
None set by 3djc

3djc
Sticky Note
MigrationNone set by 3djc

3djc
Sticky Note
Unmarked set by 3djc


{EEE
Sid 8023, 1008 Edition LOCAL AND METROPOLITAN AREA NETWORKS:

22.1.1 Bummary of major concepts

a}  Each direction of data travsfer is serviced with seven {making ¢ toial of 14) signals: Dats (8 four-bit
bundle), Deluniter, Error, and Clock,

by Two media status signals are provided. Quoe indicates the presence of carcier, and the other indicates
the scomrence of a colhision.

g} A monagement mterface comprised of two signals provides access to mansgement parameters and
SREVICES.

&y The Reconcilintion sulilaver maps the signal set provided at the MII to the PLS service defintion
specthied in clause &

22.1.2 Application

This clanse applizs to the mterface between MAC sublayer and PHY s, and between PHYs and Station Man~
agement entities. The unplementation of the brterface may assume any of the following three forms:

ay A chip<o-chip {ntegrated clrcutt o integrated cirowity interfoce nuplemented with fraces on a
printed cirenit board.

by A motherboard to deughterbosrd intecface between fwe or more printed cirenit boards.

£y An mierface between rwo printed cireutt assemblies that are attached with a length of cable and an
appropriate connector.

Figure 22-2 provides an example of the third apphication spvironmerd listed above. All MII conformance
tests ave performend at the smating sonfaees of the MU comncctor, identified by the Bne A-AL

M Conmecior

PHY e

Figure 22-2—Example application showing location of conformance test

This interface s used to provide media independence for vanious forms of vashielded twisted-padr wiving,
shielded twisted-paiy wiring, fber optic cabling, and petentiaily other media, so that identical media sooess
controllers moay be nsed with any of these media.

T allow for the possibility that multiple PHYs may be controlled by a single Station Management entity, the
MIT managesmend interface bas provisions o accommodate np o 32 PHY s, with the resiriction that » maxi-
s of one PHY sy be attached 1o a management titerface via the mechanical toterfoce defined 1 226,

This is arggrchive IEEE Standard. It has been superseded byadalgrossspreobiasiandard.
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22.1.3 Rates of operation

The MII can support two specific data rates; 10 Mb/s and 100 Mb/s. The functionality is identical at both
data rates, as are the signal timing relationships. The only difference between 10 Mb/s and 100 Mb/s opeta-
tion is the nominal clock frequency.

PHYs that provide an-MII are not required to-suppott both data rates, and may suppott ¢ither one or both.
PHYs must report the rates they are capable of operating at via the management interface, as described in
22.2:4.

22.1.4 Allocation of functions

The allocation of functions at the ML is such that it réadily lends-itself to implementation in both PHY's and
MAC sublayer entities. The division of functions balances the need for media independence with the need
for a'simple-and cost-effective interface.

While the Attachment Unit Interface (AUI) was defined to exist between the Physical Signaling (PLS) and
Physical Media Attachment (PMA) sublayers for 10:Mb/s DTEs, the M1l maximizes media independence by
cleanly separating the Data Link and Physical Layers of the 1SO (1IEEE) seven-layer reference model. This
allocation also recognizes that implementations can benefit from a close coupling of the PLS or PCS sub-
layer and the PMA sublayer.

22.2 Functional specifications

The MIL is designed to make the differences among the various media absolutely transparent to the MAC
sublayer. The selection of logical control signals and the functional procedures are all designed to: this end.
Additionally, the MIL is-designed to be easily implemented at minimal cost using conventional design tech-
niques:and manufacturing processes.

22.2.1 Mapping of Ml signals to PLS service primitives and Station. Management
The Reconciliation-sublayer maps the signals provided at the MII to the PLS service primitives defined: in
clause 6. The PLS service primitives provided by the Reconciliation sublayer behave in exactly the same

manner as-defined in clause 6. The MII signals are defined in detail in 22.2.2 below.

Figure 22-3 depicts a schematic view of the Reconciliation sublayet inputs and outputs, and denionstrates
that the M1l management interface is controlled by the Station Management entity (STA).

22.2.1.1 Mapping of PLS_DATA.request
22.2.1.1.1 Function
Map the primitive PL.S. DATA request to the MII signals TXD<3:0>, TX EN and TX CLK.
22.2.1.1.2 Semantics of the service primitive
PLS DATA request (OUTPUT_UNIT)
The OUTPUT _UNIT parameter can take one of three values; ONE, ZERO, or DATA -COMPLETE. It repre-
sents a single data bit. The values ONE and ZERO are conveyed by the signals TXD<3>, TXD<2>,
TXD<1> and TXD<0>, each of ‘which conveys one bit of data while TX_EN is asserted. The value

DATA_COMPLETE is conveyed by the de-assertion of TX EN. Synchronization between the Reconcilia-
tion sublayer and the PHY is achieved by way of the TX CLK signal.

This is anchsehine: BEESangardsdthas been superseded by a later version of this standgrd.
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PLS Service Ponvtives s ) 8 Signals
Raconciiation sublaver

.............. p TX_ER
p TXD<30>
PLS_DATA reguest B \ N P g‘“gjx

PLS SIGNAL indicats

PLE DATAUndwate

PLS_CARRIER ndicate s

Figure 23.3—Reconciiiation Sublayer {RS) inputs and outpuls
and STA connections to Mil
22.24.1.3 When generated
The TX _CLK signal is generated by the PHY. The TXD<3:{ and TX_EN signals are gencrated by the Rec-
oaciliation sublayver after svery group of four PLS_DATA request irausactions from te MAC sublayer to
vequest the ransmission of four data bits on the phystes] medivmg or to stop ransmission,
22.2.1.2 Wapping of PLS_DATA indicate
22.2.1.24 Function
Map the prinative PLE_ DATA mdicate to the MIT signals RXD<3:0, RX DV, RXER, and BY U1K,
22.2.1.2.2 Semantics of the service primitive
PLS_DATA.indicate (INPUT_UNIT)
The DNPUT _TINIT parameter can take one of two values: ONE or ZERO. It represents a single data bit. The
vabres ONE and FERO mre depved from the sigoals RXD3, RXD 2 RXD<E > and RXDl, each of

witich represents one bit of data while RX_TF is asserted.

The value of the datg tramsferred o the MAC is conirolled by the RX BR signal, see 22.2.1.5, Response
BX ER mdication from MIL

Synchronization between the PHY and the Reconciliation sublaver is achieved by way of the RN _CLE
signal,

22.2.1.2.3 When generated

This primitive is generated to all MAC sublayer sntities in the network after a PLE DATA request is issued.
Each nibble of dals transferred on RXD=3:00 will result in the generation of fouwr FLE_DATA indivate frans-
actions,

This is arygrchive IEEE Standard. It has been superseded byadalgrossspreohiasiandard.
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22.2.1.3 Mapping of PLS CARRIER.indicate

22.21.3.1 Function

Map the primitive PLS CARRIER.indicate to the MII signals CRS and RX_DV.
22.2.1.3.2 Semantics of the service primitive

PLS CARRIER.indicate (CARRIER STATUS)

The CARRIER. STATUS paramcler can lake one ol two values: CARRIER ON or CARRIER OFF. The
values CARRIER 'ON and CARRIER OFF are derived from the MII signals CRS and RX DV,

22.2.1.3.3 When generated

The PLS. CARRIER .indicate service primitive is generated by the Reconciliation sublayer whenever the
CARRIER. STATUS parameter changes from CARRIER ~ON to: CARRIER OFF or vice versa:

While the RX DV signal is de-asserted, any transition of the CRS sigiial from de-asserted to-asserted must
cause a transition of CARRIER STATUS from the CARRIER "OFF to the CARRIER ON value; and any
transition of the CRS signal [rom asserled (o de-asserted must cause a transition of CARRIER STATUS
from the CARRIER._ON to the CARRIER: OFF value. At any time after CRS and RX DV are both asserted,
de-assertion of RX_ DV must cause CARRIER STATUS to transition to the CARRIER. OFF value: This
transition of CARRIER_STATUS from the CARRIER. ON to the: CARRIER.OFF value must be recog-
nized by the MAC sublayer, even if the CRS signal is still asserted at thie time.

NOTE—The behavior of the:CRS-signal is specified within this clause so that it can be mapped.directly (with the appro-
priate- implementation-specific synchronization) to the carrierSense. variable in the MAC process Deference, which is
described in 4.2.8. The behaviorof the RX. DV signal is specified within this clause so that it can be mapped directly to
the carrierSense variable in the MAC process BitReceiver, ‘which is described in'4.2.9; provided that the MAC process
BitReceiver is implemented to receive-a nibble:of data on each cycle through the mner loop.

22.2.1.4 Mapping of PLS_SIGNAL.indicate

22.2.1.4.1 Function

Map the primitive PL.S: SIGNAL:indicate t6.the MIIsignal COL.
22.2.1.4.2 Semantics of the service primitive

PLS SIGNAL.indicate (SIGNAL STATUS)

The - SIGNAL_STATUS  parameter ~can ~take one  -of two: values: SIGNAL ERROR ' or
NO_SIGNAL_ERROR. SIGNAL_STATUS assumics (he value SIGNAL_ERROR when ' the MII signal COL
is-asserted, and assumes the value NO SIGNAL: ERROR when COL is:de-asserted.

22.2.1.4.3 When generated

The PLS_SIGNAL indicate service primitive is gencrated whenever SIGNAL _STATUS makes a transition
from SIGNAL_ERROR to NO_ SIGNAL ERROR.or vice versa.

22.2.1.5 Response to RX_ER indication from Mil

If, during frame reception, both-RX. DV and RX ER are asserted, the Reconciliation sublayer shall ensure
that the: MAC will detect a FrameCheckError in that frame.

This is archyebive Bak Siangandsdbhias been superseded by a later version of this standard.
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This requirement may be met by incorporating a function in the Reconciliation sublaver that produces a
result that is guaranteed to be not equal to the CRC result, as specified by the algorithm in 3.2.8, of the
sequence of nibbles comprising the received frame as delivered to the MAC sublayer: The Reconciliation
sublayer must then ensure that the result of this function is delivered to the MAC sublayer at the end of the
received frame in place of the last'nibble(s) received from the MIL.

Other techniques may be employed to respond to RX ER, provided that the result is that the MAC sublayer
behaves as though a FrameCheckError-occurtred in the received frame.

22.2.1.6 Conditions for generation of TX_ER

If, during the process of transmitting a frame, it is necessary to request that the PHY deliberately corrupt the
contents-of the frame in such a manner that a receiver will detect the corruption with the highest degree of
probability, then the signal TX. ER may be generated.

For example; a repeater that detects:an RX ER during frame reception on an input port may propagate that
errot indication to: its output ports by asserting TX. ER during the process of transmitting that frame.

Since there is no: mechanism in the definition of the MAC sublayer by ‘which the transmit data stream can be
deliberately corrupted, the Reconciliation sublayer is not required to generate TX ER.

22.2.2 MIl signal functional specifications
22.2.2.1 TX_CLK (transmit clock)

TX CLK (Transmit Clock) is-a continuous clock that provides the timing reference for the transfer of the
TX_EN, TXD; and TX ER signals from the Reconciliation sublayer to the PHY. TX CLK is sourced by the
PHY.

The TX CLK frequency shall be 25% of the nominal transmit data rate + 100 ppm. For example; a PHY
operating at 100- Mb/s must provide a TX  CLK frequency of 25 MHz, and a PHY operating at 10 Mb/s must
provide a TX CLK frequeney of 2.5 MHz. The duty cycle of the TX CLK signal:shall be between 35% and
65% inclusive:

NOTE—See additional information in:22.2.4:1.5.

22.2.2.2 RX_CLK (receive clock)

RX CLK isa continuous clock that provides the timing reference for the transfer of the RX DV, RXD, and
RX ER signals from the PHY to the Reconciliation sublayet. RX CLK is sourced by the PHY. The PHY
may recover the RX  CLK reference from the received data or it may derive the RX CLK reference from a
nominal clock (e.g., the TX  CLK reference).

The minimum high and low times of RX CLK shall be 35% of the nominal period under all conditions.

While RX DV is asserted, RX CLK shall be synchronous with recovered data, shall have a frequency equal
t0 25% of the data rate-of the received signal, and shall have a duty cycle-of between 35% and 65% inclusive.

When the signal received from the medium is continuous and the PHY can recover the RX - CLK reference
and supply the RX_ CLK on a continuous basis, there is no need to transition between the recovered clock
reference and a nominal clock reference on a frame-by-frame basis.. If loss of received signal from the
medium causes a PHY ‘to:-losc the recovered RX CLK reference, the PHY shall source the RX. CLK froma
nominal clock reference.

This is aryprchive IEEE Standard. It has been superseded by lalarosassipeeohithisssiandard.
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Transitions from nominad clock o recovered clock or from recoversd clock to nonunal clock shall be made
only while RX_DV is de-asserted. During the interval between the assertion of CRS and the assertion of
RX IV ai the beginming of a fame, the PHY may extend 2 ovcle of RX_CLK by holiling ¥ w either the
hugh or low condition uniil the PHY has successfully locked onto the recovered clock. Following the de-
assertion of RX__DV af the end of 2 frame, the PHY may extend a eyele of RX_CLK by holding it in either
the agh or fow condibion for s omferval that shall not exceed twice the pominal clock period.

NOTE—This ctandard netther requires nor assames 3 puwanteed phase relationship between the RY_OLK and
TX CLK sgnab. Sev additional informetion in 32.24.1.5,

22.2.2.3 TX_EN {transmit enable)

TX EN indicates that the Reconcilistion sublaver i presenting nibbdes on the MIT for transmission. It shall
be asserted by the Reconcthatton sublayer senchronously with the frst wbble of the preanble and shall
vemain asserted while all nibbles to be transmitted are presented to the MIL TX EN shall be negated prior to
the first TX CLX following the final nibble of a frame. TX, EN 15 driven by the Reconciliation sablaver and
shall transtiion syncheonousty with respect o the TX_CLEL

Figore 22-4 depicts TX EN behavior during a frame fransmission with no colbisions,

T _OLK

TX_EN ,.___./ \___m___.
oo APARKEXAKMASACRERA A K A K A X A\

¥

Figure 22-4—Transmission with no collision

22.2.2.4 TXD {transmit data)

TXD is o buwdle of 4 data sigoals {TXD=300) that ave doven by the Reconciliation sublayer TXD<3 0
shall transition synchrononsly with respect to the TX_CLE. For esch TX_CLEK period m wlich TX_EN s
asserted, TXDR3.(> are accepted for transmission by the PHY. TXD«0 »ix the least stgnificant bit. Whils
TX_EM ix de-asserted, TXD3:00- shall have no effect upon the PHY.

Frgore 22-4 depsets T30 behavior during the trwsmission of 2 frames,

Table 22-1 summuarizes the permussible encodings of TXD=<%00, TX EN, and TX _ER,

22.2.2.5 TK_ER {transmit coding error}

TX_FR shall mansition syochronously with respect to the TX, CTXK. When TX_ER i asserted for one or
more TX_CLK periods while TX_EN is also asserted, the PHY shall emit one or more symbeols that are not

This s ancidmbivg dbbfed ngdsedbdias been superseded by a later vergion of this standard.
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Table 22-1—Permissible encodings of TXD<3:0>, TX_EN, and TX_ER

TX_EN TX_ER TXD<3:0> Indication
0 0 0000 through 1111 Normal inter-frame
0 1 0000 through 1111 Reserved
1 0 0000 through 1111 Normal data transmission
1 1 0000 through 1111 Transmit error propagation

part of the valid data or delimiter set somewhere in the frame being transmitted. The relative position of the
error within the frame need not be preserved.

Assettion of the TX ER signal shall notaffect the transmission of data when a PHY is operating at 10 Mb/s,
or when TX_EN is de-asserted.

Figure 22-5 shows the behavior of TX_ ER during the transmission of a frame propagating an ¢rror.

Table 22-1 summarizes the permissible encodings of TXD<3:0>, TX EN, and TX ER.

A8

TX_EN / N \

TXD<3:0> I(PXRXEXAXMXBXLXEXXXX::X AX AKX
TX_ER [\,

A

Figure 22-5—Propagating an error

The TX: ER signal shall be implemented. at the MII of a PHY, mnay be implemented at the MII of a repeater
that provides an MII pott, and may be implemented in MAC sublayer devices: If a Reconciliation sublayer
ora repeater with an MII port does not actively drive the TX ER signal, it shall énsure that the TX ER sig-
nal is pulled down to-an inactive state at all times.

22.2.2.6 RX DV (Receive Data Valid)

RX DV (Receive Data Valid) is driven by the PHY to indicate that the PHY is presenting recovered-and
decoded nibbles on the RXD<3:0> bundle and that the data on RXD<3:0> is synchronous to RX CLK.
RX: DYV shall transition synchronously with respect to the RX - CLK. RX DV shall remain assertéd continu-
ously from the first recovered nibble of the frame through the final recovered nibble and shall be negated
priot to the first RX CLK that follows the final nibble. In order for a received frame to be cotrectly inter-
preted by the Reconciliation sublayer and. tlie MAC sublayer, RX_ DV must eticotipass the [raie; starting
no later than the Start Frame Delimiter (SED) and excluding any End-of-Frame delimiter:

Figure 22-6 shows the behavior of RX DV during frame reception.

This is arysrchive IEEE Standard. It has been superseded byggolalarosossiceechitiysssiandard.
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RX_CLK ||||||||||||||||||||||||||||||||||||||||
S
RX_DV [ / / \
\VJ b| A \YJ \YJ A\ ¥ 4 \YJ \
SR Xprea'rp eSFDXSFcXDAXDAXD XD{A CRC X CRC X CRC X CRC

RX_ER

N

Figure 22-6—Reception with no errors
22.2.2.7 RXD (receive data)

RXD is a bundleof four data signals (RXD<3:0>) that transition synchronously with respect to the RX. CLK.
RXD<3:0> are driven by the PHY. For each RX CLK period in'which RX DV is asserted, RXD<3:0> transfer
four bits-of recovered data from the PHY to'the Reconciliation sublayer. RXD<0> is the least significant bit.
While RX DV is de-asserted, RXD<3:0>shall have no effect.on the Reconciliation sublayer.

While RX. DV is de-asserted, the PHY may provide a False Carricr indication by asserting the RX ER sig-
nal while driving the value <1110> onto RXD<3:0>. See 24.2.4.4.2 fora description of the conditions under
which-a PHY will provide a False Carrier indication.

In order for-a frame to be-correctly interpreted by the MAC sublayer. a completely formed SFD must be
passed ‘across the MIL- A PHY 'is not required to loop data transmitted on TXD<3:0> back to RXD<3:0>
unless the loopback mode of operation is selected as defined in 22.2.4.1.2.

Figure 22-6 shows the behavior of RXD<3:0>during frame reception.

Table 22-2 summarizes the permissible encoding of RXD<3:0>, RX ER; and RX DV, along with the spe-
cific indication provided by each.code.

Table 2—Permissible encoding of RXD<3:0>, RX_ER, and RX_DV

RX DV RX ER RXD<3:0> Indication
0 0 0000 through 1111 Normal inter-frame
0 1 0000 Normal inter-frame
0 1 0001 through 1101 Reserved
0 1 1110 False Carrier indication
0 1 1111 Reserved
1 0 0000 through 1111 Normal data receplion
1 1 0000 through 1111 Datareception with etrors

This is ancbyrhive BEE Skangiaidedbhas been superseded by a later version of this standard.
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22.2.2.8 RX_ER {receive error)

RX_ER {Receive Error) is driven by the PHY. RX_ER shall be azserted for one or more BX_ULK periods to
indicate to the Reconcilistion sublayer that an ervor {e.2., & coding ervor, or any error that the PHY is capable
of detecting, and that may otherwise be undetectable at the MAC sublaver) was detected somewhere i the
framne presently being fronsferred from the PHY o the Reconciliation sublaver. BX ER shell ranuinon sy
chrprwusly with respact to RY_CLE. While RX DV is de-asserted, BX._ER shall have v effect an the Reo-
onciliation sublayer.

While RX_DV 13 de-asserted, the PHY muay provide a False Uarrier indication by assertng the RX_ER sig~
mal for at least one cycle of the RX_CLK while driving the appropriste value onte RYXD=31= as defined in
22.3.2.7. See 24.2.4.4.2 for a descviption of the conditions under which & FHY will provide a False Carsier
mdcation.

The effect of RX_ER on the Reconciliotion sublayer is defined i 22.2.1.%, Regponse to RX_ER indication
from MIL

Figure 22-7 shows the behavior of RX_ER during the reception of ¢ frame with ervors,

RX_CLK HHHHHHHHHHHHHHHHHHHH
wor 1] X W
oY oo oo oxpex oo oo

RX_ER F} LN

Figure 22-7—Reception with errors

Lo

L84
RRDh<Y o :resf??biexa% SE

Figwe 22-% shows the behavior of RX_ER, RX DV and RXD«<3:0> dwring a False Carrier mdication.

Ry " a

- e AL

wwassr _ oo oo oo oo
RX_ER R

Figure 22-8—False Carrier indication
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22.2.2.9 CRS {carrier sense}

CRS shall be asserted Yy the PHY when eithey the transinit or recetve medivm is nonidle, CRY st be de-
asserted by the PHY when both the transmnit and receive media are jdle, The PHY shall ensure that ORS
repams asserted throughont the dueation of a collision condition.

CHS is not reguired to transtiion syachronously with respect to sither the TX CLK or the BX TLK.

The behavior of the CRS signal ix wnspecified when the duplex moide bit 0.8 in the control register is sef to g
logic one, as deseribed in 22.2.4.1.8, or when the Aato-Negotiation process selects o full duplex mode of
operation.

Figmre 22-4 shows the bebavior of CRS durtng a frame transmission without g colliston, while Figure 2249
shows the bebavior of CRS during 2 frame ransmssion with o colliston,

22.2.2.10 CQL {collision detectad)

COL shall be asserted by the PHY wpon detection of a collision on the medimm, and shall remain asserted
while the collision condition persists,

COL slall be asserted by a PHY that s operating at 10 Mb/s in response 0 a sipng!_gundity_srag message
frons the PRIAL

0L is not vequirad 1 fraxsition synchroponsty with respect to either the TX, CLK or the RX CLK.

The bebavior of the COL signal is wnspecified when the doplex mode bit 3.8 in the control register is set o a
fogic one, as described n 222,418, or when the Avio-MNegotiation process selects & hull-duplex mode of
operation,

Firgure 22-% shows the behavior of COL during 2 frane transmassion with a collision.

TEN ,..WJ! " L...................__.

—— KPXRXEXE;X@XQXLXEX JAM K JAM XA X JAM

RS ,!g; N éi}
A 1

Figure 22-8—Transmission with collision

NOTE—The cirentt sssembly that contains the Reponilistion sublayer miay tocorparate 3 weak pull-op on the COL sig-
ual s o mcans of detecting an open cirenit condition on the COL signal st the MIL The it on the value of this pulbup
1s defined in 22.44.2.

This s anciidmpbive dbbfed ngwdsedbdias been superseded by a later vergion of this standard.
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22.2.2.11 MDC (management data clock)

MDC is sourced by the Station Management entity to the PHY as the timing reference for transfer of infor-
mation on-the MDIO signal. MDC is an‘aperiodic signal that has no maximum:high or low times. The mini-
mum high and low times for MDC shall be 160 ns-¢ach, and the minimum period for MDC shall be:400 ns;
regardless of the nominal period of TX CLK and RX_ CLK:

22.2.2.12 MDIO (management data input/output)

MDIO is a bidirectional signal between the PHY and the STA. It is used to transfer control information and
status between the PHY and the STA. Control information is driven by the STA synchronously with respect
to- MDC and is sampled synchronously by the PHY. Status information is driven by the PHY synchronously
with respect to MDC and is sampled synchronously by the STA.

MDIO shall be driven through three-state circuits that enable either the STA or the PHY to drive the signal.
A PHY thatis attached to the MII via the mechanical interface specified in 22.6 shall provide aresistive pull-
up to maintain the signal in a high state. The STA shall incotporate a resistive pull-down on the MDIO signal
and thus may use the quicscent state of MDIO ‘to determine if a PHY is' connected to the MII via the
mechanical interface defined in 22.6. The Iimits on the values of these pull-ups and pull-downs are defined in
22442,

22.2.3 Frame structure

Data frames transmitted through the MII shall have the frame format shown in figure 22-10.

<inter-frame><preamble><sfd><data><efd>

Figure 22-10—MII frame format

For the MII, transmission and reception of cach octet of data shall be done a nibble at a time with the order
of nibble transmission and reception as shown in figure 22-11.

First Bit _\ll MAC's Serial Bit-Stream

MSB
LSB DO D1 D2 D3 D4 D5 D6 D7

First Second
N bble Nibble
DO
LSB
Mil D1
Nibble
Stream D2
Msg | D3

Figure 22-11—Octet/nibble transmit and receive order

This is arygrchive IEEE Standard. It has been superseded by |alarosssieecchithissstandard.
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The bits of each octet are transmitted and received as two nibbles, bits 0 through 3-of the octet cotresponding
to bits 0 through 3 of the first nibble transmitted or received, and bits 4 through 7 of the octet corresponding
to bits 0 through 3 of the second nibble transmitted -or received.

22.2.3.1 ‘Inter-frame

The-inter-frame period provides an observation window for an unspecified amount of time during which no
data activity occurs on the MIL The absence of data activity is indicated by the de-assertion of the RX DV
signal on the receive path, and the de-assertion of the TX EN signal on the transmit path. The MAC intet-
FrameSpacing parameter defined in-clause 4 is measured from the de-assertion of the CRS signal to the
assertion of the CRS signal.

22.2.3.2 Preamble and start of frame delimiter

22.2.3.2.1 Transmit case

The preamble <preamble> begins a frame transmission. The bit value of the preamble field at the MII is
unchanged from that specified in7.2.3.2 and shall consist of 7 octets with the following bit values:

10101010 10101010 10101010 10101010 10101010 10101010-10101010
In the preceding example, the preamble is displayed using the bit order it 'would have if transmitted serially.
This means that for each octet the leftmost 1 value represents the LSB of the octet, and the rightmost 0 valie

the -octet MSB.

The SED (Start Frame Delimiter) <sfd> indicates the start of a frame and follows the preamble. The bit value
of the SFD: at the MII is inchanged from that specified in 7.2.3.3 and is the bit sequence:

10101011

The preamble and SFD shall be transmitted through the MII as nibbles starting from the assertion of TX EN
as shown in table 22-3.

Table 3—Transmitted preamble and SFD

Signal Bit values of nibbles transmitted through MIT
TXDO X111 1 1|1 |11 1|11 |1 1" 1 Dot | D48
TXDI X |0 |0 |0 |0 0o |0|0]|0|0O]|0O |00 |0]|0 |0 |0 |Dl |D5
TXD2 X1 |1 |1 |11 {1 |1 |t |1 |1 |1 |1 [1 1|1 |1 D2 |D6
TXD3 X|o 0|0 |0 ]0|0|0]0o |0 |0 |0 |0 [0 0|0 |1 D3 |D7
TXEN [0 |1 |1 [T |1 |1 |1 |1 |1 |1 |1 |1 |1 |1 {1 |1 |[1]1 1

"1t preanible nibble transmitted.

15t SFD nibble transmitted.

st data nibble transmitted.

SDO through D7 are the first eight bits of the data field from the Protocol Data Unit (PDU).
22.2.3.2.2 Receive case

The conditions for assertion of RX DV are defined in 22.2.2.6.

This is ancgrbive lBaE Shkangandsdbhas been superseded by a later version of this standgra.
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The alignment of the received SFD and data at the MII shall be as shown in table 22-4 and. table 22-5.
Table 22-4 depicts the case where no:-preamble nibbles are conveyed across the MIIL, and. table 22-5 depicts
the case where the entire preamble is conveyed across the MII.

Table 4—Start of receive with no preamble preceding SFD

Signal Bit values of nibbles received through MII
RXDO X|X|X|X|X|X|[X[1"]1 | Do | D4t
RXD1 X | XX | X X| X' X]0 |0 DI DS
RXD2 X | X | X| X[ X[ XX 1|1 |D2 D6
RXD3 X|X|X|X|X|[X|X]|0 |1 D3 D7
RX. DV 0000|0001 |1 1 1

*15t SFD nibble received.
T1st.data nibble received.
Do through D7 are the first eight bits of the data tield from the PDU.

Table 5—Start of receive with entire preamble preceding SFD

Signal Bit values of nibbles received through MII

RXDO =GN A P S O O S I O 0 O B o G 0 o1
RXD1 X0 O] 0 [0 0|0 |0 [0 |0 |0 [0 0 000 0 |-D1 D5
RXD2 X |1 1 1 1 1 1 1 1 | 1 l 1 | 1 1 L | D2 D6
RXD3 X |00 |0 |0 0|0 |0 [0 |0 |0 [0 |0 |0]0 0 |1 D3 D7
RX DV | 0| 1| 1| I | Lo Ll L e o e L 1 T L

* st preamble nibble received.

T1st SFD nibble received.

115t data nibble received.

D0 through D7 are the first cight bits of the data field from the PDU

22.2.3.3 Data

The data in'a well formed frame shall consist of N octets of data transmitted as 2N nibblés. For éach octet of
data the transmit order of each nibble is as specified in figure 22-11. Data ina collision fragment may consist
of an .odd number of nibbles.

22.2.3.4 End-of-Frame delimiter (EFD)

De-assertion of the TX EN signal constitutes an End-of-Frame delimiter for data conveyed on TXD<3:0>,
and de-assertion of RX DV constitutes an End-of-Frame delimiter for data conveyed on RXD<3:0>:

22.2.3.5 Handling of excess nibbles
An éxcess nibble: condition occurs when an odd number of nibbles is conveyed across the MIL beginning

with the SFD and. including all nibbles conveyed until the End-of-Frame delimiter. Reception of a frame
containing a non-integer number of octets. shall be indicated by the PHY as anexcess nibble condition.

This is ansgrchive IEEE Standard. It has been superseded bygaolatarosass ieeeoiithisslsneard.
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Transmission of an e¢xcess nibblé may be handled by the PHY in an implementation-specific: manner. No

assumption should be made with regard. to truncation, octet padding; or exact nibble transmission by the
PHY.

22.2.4 Management functions

The management interface specified here provides a simple, two-wire, serial interface to connect a manage-
ment entity and:a managed PHY for the purposes of controlling the PHY and gathering status from the PHY.
This interface is referred to-as the MII Management Interface.

The management intetface consists of a pair of signals that physically transport the management information
across the MII, a frame format and.a protocol specification for exchanging management frames, and a regis-
ter set that can be read and written using these frames. The register definition specifies a basic register ‘set
with an extension mechanism:

The basic register set consists-of two registers referred to as the Control Register (register 0) and the Status
Register (register 1). The status and control functions defined here are considered basic and fundamental to
100 Mb/s PHYs. All PHY s that provide an MII shall incorporate the basic register set. Registers 2 through 7
are part of the extended register set.

The full set of management registers is listed in table 22-6.

Table 6—MIl management register set

Register address Register name Basic/Extended
0 Control B
1 Status B
2.3 PHY Identifier E
4 Auto-Negotiation Advertisement E
5 Auto-Negotiation Link Partner Ability E
6 Auto-Negotiation Expansion E
7 Auto-Negotiation Next Page Transmit E
8 through 15 Reserved E
16 through 31 Vendor Specific E

This is ancdysbivelBHESkangandsdbhas been superseded by a later version of this standard.
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22.2.4.1 Control register (register 0)

The assignment of bits in the Control Register is shown in table 22-7 below: The default value for each bit of
the Control Register should be chosen so that the initial state of the PHY upon power up ot reset is a normal
operational state without management intervention.

Table 7—Control register bit definitions

Bit(s) Name Description RW"

0:15 Reset 1-=PHY reset RW
0'=mnormal operation SC

0.14 Loopback 1= enable loopback mode RW
0-='disable loopback mode

0.13 Speed Selection 1=100 Mb/s R/W
0="10 Mb/s

0.12 Auto-Negotiation Enable 1'=Enable Auto-Negotiation Process RW
0-=Disablé Auto-Negotiation Process

0.11 Power Down 1=powerdown RW
0 =normal operationT

0.10 Isolate l=relectrically Tsolate PHY from MII RW.
0'="normal operationb

0.9 Restart Auto-Negotiation 1'=Restart Auto-Negotiation Process R/W
0'="normal operation SC

0.8 Duplex Mode 1= Tull Duplex* RW
0-=Half Duplex

0.7 Collision Test 1'=enable COL:signal test RIW
0= disable COL signal test

0:6:0 Reserved Write as 0, ignore on Read RW

*RIW = Read/Write, SC = Self-Clearing.

TFornormal operation; both 0.10 and 0.11 must be ¢leared to zero, see 22.2.4.1.5.
iSpecifications for full-duplex mode operation are planned for future work.

22.2.4.11 Reset

Resetting a PHY is accomplished by setting bit 0.15: to a logic one. This action shall set the status and con-
trol registers to their default states. As a consequence this action may change the internal state of the PHY
and. the state of the physical link associated with the PHY. This bit is self-clearing, and a PHY shall returtia
value of one in bit 0.15 until the reset process is completed. A PHY is not required to accept a write transac-
liot (o (hie cotitrol register uritil the resel process is-compleled, and wriles (o bils of the cotilrol regis(er other
than 0:15 may have no effect until the reset process ‘is completed. The reset process. shall be completed

within 0.5 s from the setting of bit 0.15.

The default value of bit 0.15 is zero.

NOTE—This operation may interrupt data communication.

This is ansgirchive IEEE Standard. It has been superseded bygadalsrenassiebeclithisstandard.
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22.2.4.1.2 Loopback

The PHY shall be placed in a loopback mode of operation when bit 0.14 is set to-a logic one. When bit 0.14
is-set, the PHY receive circuitry shall be isolated from the network medium, and the assertion of TX EN at
the MII shall not result in the transmission of data on the network medium. When bit 0.14is set, the PHY
shall accept data from the MII transimit data path and return it to the MII receive data path in response to the
assertion of TX EN. When bit 0.14-is set, the delay from the assertion of TX - EN to the assertion of RX DV
shall be less than 512 BT. When bit 0.14 isset, the COL signal shall remain de-asserted: at all times; unless
bit 0.7 is set, in which case the COL signal shall behave as described in 22.2:4.1.9. Clearing bit 0.14 to zero
allows normal-operation.

The default value of bit 0.14 is zero.

NOTE—The signal path through the PHY that 1s exercised in the loopback mode of operation 18 implementation spe-
cific, but it is recommended that the signal path-éncompass as much of the PHY circuitry as is practical. The intention of
providing this loopback mode of operation is to permit-a diagnostic or-self-test:function to perform the transmission and
reception of a PDU, thus testing the transmit and receive data paths. Other loopback signal paths through a PHY may be
enabled via the extended register set; in an implementation-specific fashion.

22.2.4.1.3 Speed selection

Link speed can be selected via- either the Auto-Negotiation process, ot manual speed selection. Manual
speed selection is allowed when Auto-Negotiation is disabled by clearing bit 0.12 to zero. When Auto-Nego-
tiation is disabled, setting bit 0.13 to a logic one configures the PHY for 100 Mb/s operation, and clearing bit
0.13 to-a logic zero configures the PHY for 10-Mb/s operation. When Auto-Negotiation is enabled, bit 0:13
can be read or written, bit the state of bit 0.13 has no effect on the link configuration, and it is not necessary
for bit 0.13 to reflect the operating speed of the link when it is read; If a PHY reports via bits 1.15:11 that it
is:able to-operate at only one speed, the value of bit:0.13 shall correspond to the speed at which the PHY can
operate, and any attempt to-change the setting of the bit shall be ignored.

The default value of bit 0.13 is ong, unless the PHY reports via bits 1.15:11 that it is able to operate only at
10 Mb/s, in ' which case the default value of bit 0.13 is . zero.

22.2.4.1.4 Auto-Negotiation enable

The Auto-Negotiation process shall be enabled by setting bit 0.12 to a logic one. If bit 0.12 is set to a logic
one, then bits 0.13 and 0.8 shall have no effect on the link configuration, and the Auto-Ne¢gotiation process
will detetmine the link configuration. If bit 0.12 is cleared to a logic zero, then bits 0.13 and 0.8 will deter-
mine the link configuration, regatdless of the prior state of the link configuration and the Auto-Negotiation
process.

If a PHY repotts via bit 1.3 that it lacks the ability to perform: Auto-Negotiation, the PHY shall return-a value
of zero in bit 0.12. If a PHY reports via bit 1.3 that it lacks the ability to: perform Auto-Negotiation, bit 0.12
should always be written as zero, and any attempt to write a one to bit:0.12 shall be ignored.

The default value of bit 012 is one; unless the PHY reports via bit 1.3 that it lacks the ability to perform
Auto-Negotiation, in which case the default value-of bit 0.12 is zero.

22.2.41.5 Power down

The PHY may be placed in-a low-power consumption state by setting bit 0.11 to a logic one. Clearing bit
0.11 to zero allows normal operation. The specific behavior of a PHY. in the power-down state is implemen-
tation specific. While in the power-down state, the PHY shall respond to management transactions. During
the transition to the power-down state and while in the power-down state; the PHY shall ‘not generate spuri-
ous signals on the MIIL
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A PHY is not required to meet the: RX  CLK .and TX CLK signal functional requirements when ¢ither bit
0.11 or bit 0.10 is-set to a logic one. A PHY shall meet the RX. CLKand TX CLK signal functional require-
ments defined in 22.2.2 within 0.5 s-after both bit 0.11-and 0.10 are cleared to zero.

The default value of bit 0,11 is zero.
22.2.4.1.6 Isolate

The PHY may be forced to electrically isolate its data paths from the MII by setting bit 0.10 to a logic one:
Clearing bit 0.10 allows normal operation. When the PHY is isolated from the MII it shall not respond to the
TXD<3:0>, TX. EN, and 'TX ER inputs; and it shall present a high impedance onits TX. CLK, RX CLK,
RX DV, RX ER; RXD<3:0>, COL; and. CRS outputs. When the PHY is isolated from the MII it shall
respond to- management transactions:

A PHY that is connected to the MIT via the mechanical interface defined in 226 shall have a default value of
one for bit 0.10 so as to avoid the possibility 'of having multiple MII output drivers actively driving the same
signal path simultaneously.

NOTE—This clause neither requires nor assumes any specific behavior at the MDI resulting from setting bit 0.10°to-a
logic one.

22.2.4.1.7 Restart Auto-Negotiation

If a PHY reports via bit 1.3 that it lacks the ability to. perform Auto-Negotiation, -or if Auto-Negotiation is
disabled, the PHY shall return a value of zero.in bit 0.9: If a PHY reports via bit 1.3 that it lacks the ability to
perform Auto-Negotiation; or if Auto-Negotiation is disabled, bit 0.9 should always be written as zero; and
any attempt to write a one o bit 0.9 shall be ignored.

Otherwise, the Auto-Negotiation process shall be restarted by setting bit 0.9 to a:logic one. This bit is self-
clearing; and a PHY shall return‘a value of on¢ in bit 0.9 until the Auto-Negotiation process has been initi-
ated. The Auto-Negotiation process shall not be affected by writing a:zero to bit 0.9.

The default value of bit 0:9is zero:

22.2.4.1.8 Duplex mode

The duplex mode can be selected via either the Auto-Negotiation process; or manual duplex selection. Man-
ual duplex selection is allowed when Auto-Negotiation is disabled by clearing bit 0.12 to zero. When Auto=
Negotiation is disabled, setting bit 0.8 to a logic one configures the PHY for full-duplex operation, and clear-
ing bit'0.8 to a logic zero configures the PHY for half-duplex operation. When Auto-Negotiation'is enabled,
bit 0.8 can be read or written, but the state of bit 0.8 has no effect on the: link configuration. If a PHY reports
via bits-1.15:11 that it is able to operate in only one duplex mode, the value of bit 0.8-shall correspond to the
mode in which the PHY can operate; and-any attempt to change the setting of bit 0.8 shall be ignored.

Whena PHY is placed in the loopback mode of operation via bit 0.14, the behavior of the PHY shall not be
affected by the state of bit 0.8.

The default value of bit 0.8 is zero, unless a PHY teports via bits 1.15:11 that it is able to operate only in
full-duplex mode; in which case the default value of bit 0.8 is one.

22.2.4.1.9 Collision test

The COL signal at the MII may be tested by setting bit 0.7 to a logic one. When bit 0.7 is set to-oni¢, the PHY
shall assert the COL signal within 512 BT in response to the assertion of TX EN. While bit 0.7 is:set to one,
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the PHY shall de-assert the COL: signal within 4 BT in response to the de-assertion of TX ‘EN. Cleating bit

0.7 to.zero allows normal operation:

The default value of bit 0.7 is zero.

NOTE—It is recommended that the Collision Test function be used only in conjunction with the loopback mode of oper:

ation defined m 22:.2.4.1.2.

22.2.4.1.10 Reserved bits

Bits 0.6:0 are reserved. for future standardization. They shall be written as zero and shall be ignored when

read; however, a PHY shall return the value zero in.these bits.

22.2.4.2 Status register (register 1)

The assignment of bits in the Status registeris shown in table 22-8 below. AllLof the bits‘in the Status register

are read only, a'write to the Status register shall have no effect.

Table 8—Status register bit definitions

IEEE
Std 802.3, 1998 Edition

Bit(s) Name Description RW"

1.15 100BASE-T4 1 =PHY able to perform 100BASE-T4 RO
0'=PHY notable to perform 100BASE-T4

1.14 100BASE-X Full DupchJr 1. =PHY able-to perform full-duplex T00BASE-X RO
0=PHY notable to perform full-duplex 100BASE-X

1.13 100BASE-X Half Duplex 1.=PHY ableto perform half-duplex 100BASE-X RO
0= PHY notable to perform: half-duplex 100BASE-X

1.12 10 Mb/s Full Duplex? 1 =PHY able to operate at 10 Mb/s.in full-duplex mode RO
0 =PHY notable to operate at 10 Mb/s:in full-duplex mode

1.11 10-Mb/s Half Duplex 1 =PHY ableto operate at 10-Mb/s:in half-duplex mode RO
0= PHY notable to operate at 10-Mb/sin half-duplex mode

1.10:7 Reserved ignore when read RO

1.6 ME Preamble Suppression. | 1.=:PHY will accept management frames with preamble RO
suppressed.
0 =PHY will'not accept management frames with preamble
suppressed:

1.5 Auto-Negotiation 1 =Auto-Negotiation process completed RO

Complete 0-=Auto-Negotiation process not completed

1.4 Remote Fault 1 = remote fault condition detected RO/
0= no remote fault condition detected LH

1.3 Auto-Negotiation Ability 1 =PHY isableto perform Auto-Negotiation RO
0:="PHY is not able to perform:Auto-Negotiation

12 Link Status 1 = link is up RO/
0 = link 1s down LL

1.1 Jabber Detect 1. = jabber condition detected RO/
0'=no jabber condition detected LH

1.0 Extended Capability = extended register capabilities RO
0= basic-register set capabilities only

jRO =Read Only, LL = Latching Low, LH = Latching High
“Specifications for full-duplex mode operation are planned. for Tulure work.
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22.2.4.2.1 100BASE-T4 ability

When:read as a logic one, bit 1.15 indicates that the PHY has the ability to perform link transmission-and
reception using the 100BASE-T4 signaling specification. When read as a logic zero, bit-1.15 indicates that
the PHY lacks the ability to: perform link transmission and reéception using the 100BASE-T4 signaling spec-
ification:

22.2.4.2.2 100BASE-X full-duplex ability

When read as a logic one; bit 1.14 indicates that the PHY has the ability to perform full-duplex link trans-
mission-and reception using the 100BASE-X signaling specification.: When read as a:logic zero, bit 1.14
indicates that the PHY lacks the ability to perform full-duplex link transmission -and: reception using the
100BASE-X signaling specification.

NOTE—Specifications for full-duplex mode operation are planned for future work.

22.2.4.2.3 100BASE-X half-duplex ability

When tead as a logic one; bit 1.13 indicates that the PHY has the ability to-perform half-duplex link trans-
mission and reception using the 100BASE-X signaling specification. When read as a. logic zero, bit 1.13
indicates that the PHY lacks the ability to petform half-duplex link transmission and reception using the
100BASE-X signaling specification.

22.2.4.2.4 10 Mb/s full-duplex ability

When read as a.logic one, bit 1.12 indicates that the PHY has the ability to perform full duplex link transmis-
sion and reception while operating at 10-Mb/s. When read as a logic zero, bit 1.12 indicates. that the PHY
lacks the ability to perform full duplex link transmission and reception while operating at 10- Mby/s.

NOTE—Specifications for full-duplex mode operation are planned for future work.

22.2.4.2.5 10 Mb/s half-duplex ability

When read as a logic ong, bit 1.11 indicatcs that the PHY has:the ability to perform half-duplex link trans-
mission.and reception while operating at 10 Mb/s. When read as a logic zero, bit 1.11 indicates that the PHY
lacks the ability to perform half-duplex link transmission and reception while operating at 10 Mb/s.

22.2.4.2.6 Reserved bits

Bits 1.10:7 are reserved for future standardization and shall be-ignored when read; however, a:PHY. shall
return the value zero in these bits. Bits 1.10:8 are specifically reserved for future. PHY capabilities that will
be reflected in the Auto-Negotiation base link code word Technology Ability field, as defined in 28.2.1.2.
22.2.4.2.7 MF preamble suppression ability

When read as a logic one, bit 1.6 indicates that the PHY is able to accept management frames regardless of
whethier (hey -are ot are niol preceded by (hie preaimnble patterr-described in 22.2.4.4.2. Wheit read as 4 logic
zero, bit 1.6 indicates that the PHY is not able to accept management frames unless they are preceded by the
preamble pattern described in 22.2.4.4.2.

22.2.4.2.8 Auto-Negotiation complete

When tead as a logic one, bit 1.5 indicates that the Auto-Negotiation process: has been:completed, and that
the contents-of registers 4, 5; 6, and 7-arc¢ valid. When read as a logic zero, bit 1.5 indicates that the Auto-
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Negotiation process has not been completed, and that the contents of registers 4, 5, 6, and.7 are meaningless.
A PHY shall return a value of zero in bit 1.5 if Auto-Negotiation is disabled by clearing bit 0.12. A PHY
shall also return a value of zero in bit 1.5 if it lacks the ability to perform Auto-Negotiation.

22.2.4.2.9 Remote fault

When read as a logic one, bit 1.4 indicates: that a remote fault condition has been detected. The type of fault
as well as the criteria and method of fault detection is PHY specific. The Remote Fault bit shall be imple-
mented with a latching function, such that the occurrence of a remote fault will cause the Remote Fault bit to
beconie set-and remain set until it i cléared. The Remote Fault bit shall be cleared each time register 1 is
read via the management interface, and shall also be cleared by a PHY reset.

If a PHY has no provision for remote fault detection, it shall maintain bit 1.4 in a cleared state. Further infor-
mation regarding the remote fault indication can be found in 28.2.1.2, and in 24.3.2.1.

22.2.4.2.10 Auto-Negotiation ability

When read as a logic one; bit 1.3 indicates that the PHY ‘has the ability to perform Auto-Negotiation: When
read as.a logic zero, bit 1.3 indicates that the PHY lacks:the ability to-perform Auto-Negotiation.

22.2.4.2.11 Link Status

When read as-a logic one, bit 1.2 indicates that the PHY has determined that a valid link has been estab-
lished. When read as a logic zero, bit 1.2 indicates that the link is not valid. The criteria for determining link
validity is PHY specific. The Link Status bit shall be implemented with a latching function, such that the
occurrence of a link failure condition will cause the Link Status bit to: become: cleared and remain cleared
until it is read ‘via the management interface. This status indication is intended to support the management
attribute defined in 30.5.1:1.4, aMediaAvailable.

22.2.4.2.12 Jabber detect

When read as a logic ong, bit 1.1 indicates that a jabber condition has been detected. This status indication is
intended to support the management attribute defined in 30.5.1.1.6, ‘aJabber, and the MAU notification
defined in 30.5.1.3.1, nJabber. The criteria for the detection of a jabber condition is PHY specific. The Jabber
Detect bit shall be implemented with a latching function; such that the occurrence of a jabber condition will
cause the Jabber Detect bit to become set and remain set until it is ¢leared. The Jabber Detect bit shall be
cleared each time register 1 is read via the management interface, and shall also be cleared by a PHY reset.

PHY s specified-for 100 Mb/s operation (100BASE-X and 100BASE-T4) do not incorporate a Jabber Detect
function, as this function is defined to be performed in the repeater unit in 100 Mb/s systems. Therefore;
100BASE-X and 100BASE-T4 PHYs shall always return a value of zero inbit 1.1.

22.2.4.2.13 Extended capability

When read as a logic one, bit 1.0 indicates that the PHY provides-an extended set of capabilitics which may
be accessed through the extended register set. When reéad as a-logic zéro, bit 1:0 indicates that the PHY pro-
vides only the basic register set.

22.2.4.3 Extended capability registers
In addition to the basic register set defined in22.2:4.1 and 22.2:4.2, PHYs may provide an extended set of
capabilities that may be accessed -and controlled via the MII management interface. Six registers have been

defitied within the extended address space for he purpose of providifig a PHY-specilic identificr (o layer
management, and to provide control and monitoring for the Auto-Negotiation process.
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If-an-attempt is' made to perform a read transaction to a register in the extended register set, and the PHY
being read does not implement the addressed tegistet, the PHY shall niot drive the MDIO line in résponse to
the read transaction. If an attempt is made to- perforn a write transaction to a register in the extended register
set, and the PHY being written :does not implement the addressed register, the ‘write transaction shall be
ignored by the PHY.

22.2.4.3.1 PHY Identifier (registers 2 and-3)

Registers 2 and 3 provide a 32-bit value; which shall constitute a unique identifier for a particular type of
PHY. A PHY may return'a value of zero in each of the 32 bits of the PHY Identifier.

Bit 2.15 shall be the MSB of the PHY Identificr, and bit 3.0 shall be the LSB of the PHY Identificr.

The PHY Identifier shall be composed of the third through 24th bits of the Organizationally Unique Identi-
fier (OUI) assigned to the PHY manufacturer by the IEEE.?® plus a six-bit manufacturer’s model number,
plus a four-bit manufacturer’s revision number. The PHY Identifier is intended to provide sufficient informa-
tion to ‘support the oResourceTypelD object as required in 30.1.2.

The third bit of the OUI is assigned to bit 2.15, the fourth bit of the OUI 1s assigned to bit 2.14, and so-on. Bit
2.0 contains the eighteenth bit of the OUL Bit 3.15 contains the nineteenth bit of the OUI, and bit:3.10 con-
tains the twenty-fourth bit of the OUL Bit 3.9 contains the MSB of the manufacturer’s model number. Bit 3.4
contains the LSB of the manufacturer’s model number. Bit 3.3 ‘contains the MSB of the manufacturer’s revi-
sion nimber, and bit 3.0 contains the LSBof the manufacturer’s revision number.

Figure 22-12 - depicts the mapping of this information to the bits of Registers 2. and 3. Additional detail
describing the format of OUIs ¢an be found in TEEE Std -802-1990.

a blc ri s X
Organizationally Unique’ Identifier
1.2]3 18:|19 24
15 0115 10
Register 2 Register 3
9 4|3 0
5 0] 3 0
Manufacturer's Revision
Model Number Number

Figure 22-12—Format of PHY Identifier

22.2.4.3.2 Auto-Negotiation advertisement (register 4)

Register 4 provides 16 bits that are used by the Auto-Negotiation process. See 28.2:4.1.

Blnterested applicants should contact: the [EEE Standards Deparfmient, Institute ‘of Electrical and Elsctronics Enginiesrs, 445 Hoes
Lane, P.O: Box'1331; Piscataway; NJ 08855-133 1, USA.
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22.2.4.3.3 Auto-Negotiation link partner ability (register 5)

Register 5 provides 16 bits that are used by the Auto-Negotiation process. See 28.2.4.1.

22.2.4.3.4 Auto-Negotiation expansion (register 6)

Register 6 provides 16 bits that are used by the Auto-Negotiation process.-See 28.2.4.1.

22.2.4.3.5 Auto-Negotiation next page (register 7)

Register 7 provides 16 bits that are used by the Auto-Negotiation process. See 28.2:4.1.

22.2.4.3.6 PHY specific registers

A particular PHY may provide additional ‘registets beyond those defined above. Register addresses 16
through 31 (decimal) may be used. to provide vendor-specific functions or abilities. Register addresses 8
through 15 (decimal) are reserved for assignment within future editions of this standard.

22.2.4.4 'Management frame structure

Frames transmitteéd on the MII Management Interface shall have the frame structure shown in table 22-9.
The order of bit transmission shall be from left to right.

Table 9—Management frame format

Management frame fields

PRE ST OP PHYAD REGAD TA DATA IDLE

READ Lol 01 10 AAAAN RRRRR Z0 DDDDDDDDDDDDDDDD Z

WRITE | 1.1 01 01 AAAAN RRRRR 10 DDDDDDDDDDDDBDDDD Z

22.2.4.4.1 IDLE (IDLE condition)

The IDLE condition on MDIO is a high-impedance state. All three state drivers shall be disabled and the
PHY ’s pull-up resistor will pull the MDIO: ling to a logic one.

22.2.4.4.2 PRE (preamble)

At the beginning of each transaction, the station management. entity shall send a sequence of 32 contiguous
logic one bits on MDIO with 32 corresponding cycles on MDC to provide the PHY with a pattern that it can
use to ‘establish synchronization. A-PHY shall observe a sequence of 32 contiguous-one bits on MDIO with
32 corresponding cycles on MDC before it responds to any transaction.

If the STA determines that every PHY that is connected to the MDIO: signal is-able to accept management
frames that are not preceded by the preamble pattern, then the STA may suppress the generation of the pre-
amble pattern, and may initiate' management frames with the ST (Start of Frame) pattern.

22.2.4.4.3 ST (start of frame)

The start of frame is indicated by a <01> pattern. This pattern assures transitions from the default logic on¢
line state to zero-and back to one.
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22.2.4.44 OP (operation code)
The opesation code @ read transaction is < 10>, while the operation code for o write rangaction i3 <01,
22.24.4.5 PHYAD (PHY Address}

The PHY Addrvess ix five bits, allowing 32 wnique PHY addvesses, The first PHY address bit transiitted and
received is the MSB of the address. A PHY that i connected fo the sielion menagemient emtily via the
mechamical interface delfined m 22.6 shall always respond to ransactions addressed to PHY Address zero
<CGOO00. A station management ennty that is attached o maltiple PHY s soust have a priost knowledge of
the appropriate PHY Address for each PHY.

22.2.4.4.6 REGAD {Register Address)

The Repister Address is five hite, allowing 32 individual registers 10 be addressed within each PHY. The first
Register Address bit transmitted and received is the MSB of the address. The register accessed af Register
Address zero <0800 shall be the controf regster defined in 22.2.4.1, and the register accessed at Register
Address one <00001> shall be the wtatus reguster defined m 22.2.4.2.

22.24.4.7 TA {turnaround)

The tuenaronud Hae is g 2 bit tme spacing betwesn the Regisier Address ield and the Data field of & man-
agement frame to avmd contention during 2 read frapsaction. For a read fansaction, both the 8TA and the
FHY shall remain tn & high-impedance state for the fisst bit time of the tunamund. The PHY shall drive a
zero bit durtng the second bit ttme of the bwoaonnd of a read ransaction. During » write toansaction, the
STA shall drive a one bit for the first bit time of the turnaround and 2 zere bit for the second bit time of the
turnaronnd. Figure 22-13 shows the behavior of the MDIG signal during the tomaroad field of 2 vead trans-

achion,
<R <z <o
MBC
Figure 22-13—Behavior of MDIO during TA field of a read transaction
22.24.4.8 DATA {data}

The data febd 15 16 bits, The first dota byt wapsmitted and recerved sball be bt 15 of the register being
addreysed.

22.3 Signal iming characteristics

All signal timing characteristics shall be measiwed wing the technigues specified in aunex 22C. The signal
threshold potentials Ve and Vi ave defined in 22,441
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The HIGH time of an M signal is defined as the length of time that the potential of the signal is greater than
or equal 10 Vipeiy, The LOW time of an MII signal is defined as the leagth of time that the potential of the
signal 15 less than or equal 0 Vi

The setup time of an M signasl velative to an MIT clock edge 1s defined as the length of time between when
the signal exits and remains out of the switching region and when the clock enters the switching region. The
hold thne of an MI signal relative to an M clock edge is defined s the length of e bepween when the
clock exits the switching region and when the signal entery the switching region.

The prepagation delay from an MIT clock edge to a valud M signal s defined as the length of time between
when the clock sxits the swiiching region and when the sigral exits and reneins out of the switching region.

22.3.4 Signals that are synchronous to TX_CLK

Figure 22-14 shows the timing velationship for the signals assoctated with the transmit dats path at the MII
congrector, The clock to output delgy shall be a windmum of O ps and 2 meximum of 25 us.

“k f}' i\ bt
TX_CLK i X 7 —
NN S\YZ7 Vi
TXO<30> TX_EN, TX_ER pirsd Vi
L& RABRIA S P& RN RS
ans MIN e
T2 5 ns MAX

Figure 22-14—Transmit signal timing relationships at the Ml

22311 TX_EN

TX EN s transitioned by the Recouciliation sublaver synchronomsly with respect fo the TX CLK rsing
edge with the tuning as shown in fgure 22-14.

22.3.4.2 THD=<3:0>

TED=3:0> is tramsitioned by the Reconciliation sublayer synchronvusly with respeet to the TX LK rising
edge with the timing as depieted in figiwe 22-14,

22.34.3 TX_ER
TX_ER is transinoned synchronously with respect 1o the risimg edge of TX_CLK as shown o figuee 22-14.
22.3.2 Signals that are synchronous to RX_CLK

Figure 22-13 shows the thming relationshdp for the signals associated with the recetve data path at the MIT
comector. The thining ts referenced to the rising edge of the BX__CLK. The input setup thne shall be o mini-
s of 10 ns and the input hold tme shall be 2 mintmum of 10 ns.

This s ancidmpbive dbbfed ingwdsedbdias been superseded by a later vergion of this standgrd.
RUCKUS Ex 1007-pg. 77


3djc
Sticky Note
None set by 3djc

3djc
Sticky Note
MigrationNone set by 3djc

3djc
Sticky Note
Unmarked set by 3djc


IEEE

Std 802 3, 1888 Ediion POCAL AKD METROPGLITAN AREA NETWORKS:
/ \ \ Minjwing
; / \ \ Ve
BX_CLK Vingmas)
S N0 Yingmiog

HXD30e, BX DV RX ER

F A
FIER, AN Vinimax)
30 05 BN e o

% e 13 135 BN

Figure 22-15—Receive signal timing relationships at the Ml

22.3.21 R _DV

RX W ix sampled by the Reconcilistion sublaver synelwonossly with respect 1o the rising edge of
BX CLK with the tinmdng shown in figure 22-15,

22.3.2.2 RXD<3:0>

BXI33:0 15 sampled by the Reconciliation sublaver svachronously with respect to the rising edge of
RX CLX as shown in figure 22-15. The RXD<3:0>» thming requirsments st be met at all rising edges of
RX (1LK.

22323 RX_ER

RX _ER 5 smmmpled by the Reconciliation sublaver svnchronpusly with respect to the rising edze of
BX CLX as shown in figoee 2213 The BX_BR tining requiremnents mrust be met at all nsing edges of
RX CLK.

22.3.3 Signals that have no reguired clock relationship

22.3.3.1 CRS

RS is driven by the PHY. Transitions on URS have no required relationship to either of the clock signals
provided at the MIL,

22.3.3.2 COL

COL 15 driven by the PHY. Tramsitions ou COL bave po reguired relationship to aither of the clock signals
provided at the MIL

22.34 MBDIO timing relationship to MDC

MDICG {Management Diata Inpot/QOuiput) s 8 bidirectional signad that can be sourced by the Station Masage-
waent Entity {8TA) or the PHY. When the STA sources the MO signal, the 8TA shall provide a mininnim
of 10 ns of seinp tme and 2 minimum of 10 ns of hold thme referenced to the rising edge of MDC, as shown
e figure 22-16, measured at the M comecior.

When the MDID stgnal is sourced by the PHY. it is sampled by the 8TA svaclwonoushy with respect to the

rising edge of MDC. The dock to cntpat delay from the PHY, a5 measiwed at the MIT connector, shall be a
s of O ns, and & masimom of 300 ng, as shown i Bgure 22-17.
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MDC \ Vil(imiax)
X7 \X77 Vinimiy
MDIO v
77X\ ZXNN il{max)
10N’ MIN. —>, <
—> “€— 10 ns MIN

Figure 22-16—MDIO sourced by STA

\ /I Vih(ming

MDC v,
/ il(max)
NN/ NA\XS// Vinmmir)

MDIO g
77 XXXXXN ZZXSN Vimax)

Ons MIN |g
™| 300 ns MAX

Figure 22-17—MDIO sourced by PHY

22.4 Electrical characteristics

The electrical .characteristics of the MIT are specified such that the three application environments described
in 22.1 are accommodated. The electrical specifications are-optimized for the integrated circuit to integrated
circuit application envitonment, but integrated circuit drivers and receivers that are implemented in compli-
ance with the specification will also suppoit the mother board to daughter board and short cable application
environments; provided those environments are-constrained to the limits specified in this clause.

NOTE~The specifications for the driver and receiver characteristics can be met:with TTL: compatible input and output
buffers implemented in-a digital CMOS ASIC process.

22.4.1 Signal levels

The MII uses TTL signal levels, which are compatible with devices operating at a nominal supply voltage of
either5.0°0r3.3 V.

NOTE—Care shotld be taken to enstire that all MII receivers can tolerate de input potentials from 0.00 V- to5.50 V. refer=
enced to'the COMMON signal, and transient input potentials &s high as 7.3 V; or as low as—1.8 V, referenced to the COM-
MON signal, which can occur when MIT signals change-state. The transient duration will not-exceed 15 ns: The de source
impedance will be 1o less than Ry The transient source impedance will be no less that (68 x 0.85'=) 57.8 |
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22.4.2 Signal paths

MII signals can be divided into two groups: signals that go between the STA and the PHY, and signals that
g0 between the Recongiliation sublayer and the PHY.

Signals between the STA and the PHY may connect to-one or more PHY's. When a signal goes bétween the
STA and a single PHY. the signal’s path isa point-to-point transmission path. When.a signal goes between
the STA and niultiple PHY s, the signal’s transmission path has drivers and receivers attached in any order
along the length of the path and is not considered a point-to-point transmission path.

Signals between the Reconciliation sublayer and the PHY may also connect to-one or more PHY's. However,
the transmission path of cach of these signals shall be either a point-to-point transmission path or a sequence
of point-to-point transmission paths connected in seties.

All connections to a point-to-point transmission path-are at the path ends. The simplest point-to-point trans-
mission path has a-driverat onc ¢nd and-a reeciver at the other. Point-to-point transmission paths can also
have more than one driver and more than one receiver if the drivers and receivers are lunmiped at the ends of
the path, and if the maximum propagation delay between the drivers and receivers at a given end of the path
is a very small fraction of the 10%-90% rise/fall time for signals driven onto the path.

The MII shall use unbalanced- signal transmission paths. The characteristic impedance Z of transmission
paths is not specified for electrically short paths where transmission line reflections can be safely ignored.

The characteristic impedance Z; of ¢lectrically long transmission paths or path segments shall be 68 | +15%.

The output impedance of the driver shall be used to control transmission line reflections on all €lectrically
long point-to-point signal paths;

NOTE~—In the context of this clause, a transmission path ‘whose round-trip propagation delay is-less than halt of the
10%=90% rise/fall time of signals driven onto the path is considered an electrically shott transmission path.

22.4.3 Driver characteristics

The driver characteristics defined in this ¢lause apply to-all MII signal drivers. The driver characteristics are
specified in terms of both their ac and.dc: characteristics.

NOTE—Rail-to-rail drivers that comply with the driver output V-I diagrams in‘annex 22B will meet the following ac and
de characteristics:

22.4.3.1 DC characteristics

The high (one) logic level output potential Vi, shall be no less than 2.40 V at an output cuttent 1, of —4.0 mA.
The low (zero) logic level output potential V; shall not be. greater than 0.40 V. at an output current I of
4.0 mA.

22.4.3.2 AC characteristics

Drivers niust also meet. certain ac specifications in order to ensure adequate signal quality for electrically
long point-to-point transmission paths. The ac specifications shall guarantee the following performance
requirements.

The initial incident potential change arriving at the receiving end of a point-to-point MII signal path plus its

reflection from: the receiving end. of the path must switch the receiver input potential inonotonically from a
valid high (one) level to Vi1 Vijaxy — 200 mV, or from a valid low (zero) level to Vi, = V; y +200 mV.

1h(min
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Subsequent incident potential changes arriving at the receiving end of a point-to-point MII signal path plus
their reflections from the receiving end of the path must not cause the receiver input potential to reenter the
1ange Vijimax) — 200 mV < V; <Vipqiny + 200 mV except when switching from one valid logic level to the
other. Such subsequent incident potential changes result from a mismatch between the characteristic imped-
ance of the signal path and the driver output impedance.

22.4.4 Receiver characteristics

The receiver characteristics are specified in terms of the threshold levels for the logical high (one):and logi-
cal low (zero) states. In-addition, receivers must meet the input current and capacitance limits.

22.4.4.1 Voltage thresholds

An input potential V; of 2.00 V or greater shall be interpreted by the receiver as a logical high (one). Thus,
Vihgminy = 2:00 V. An input potential V; of 0.80 V or less shall be interpreted by the receiver as a logical low

(zero). Thus, Vijayy = 0.80 V. The switching region is defined as signal potentials greater than Vijy,,.) and
less than Vi iy When the input signal potential is in the switching region, the receiver output is undefined.

22.4.4.2 Input current

The input current requirements shall be measured at the MII connector and shall be referenced to the +5V
supply and COMMON pins of the connector. The input current requirements ‘shall be miet across the full
range of supply voltage specified.in 22.5.1.

The bidirectional signal MDIO has two sets of input current réquirements. The MDIO drivers must be dis-
abled when the input current measurement is made.

The input current characteristics for all MII signals shall fall within the limits specified in table 22-10.

Table 10—Input current limits

Symbol Parameter Condition Signal(s) Min (nA) Max (pA)
Ty Input High Current V=525V . | Allexcept COL, — 200
MDC, MDIO
coLt — 20
MDC* — 20
MDIOS - 3000
MDIO™ — 20
I Input Low Current V;=0.00 V. | Allexcept COL, =30 —
MDC, MDIO?
coLP 2500 o
MDC* -20 —
MDIO? ~180 e
MDIO® ~3800 -
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Table 10—Input current limits (Continued)

Symbol Parameter Condition Signal(s) Min. (nA) Max (pA)
Iy Input Quiescent Current V=24V MDIO4 — 1450
MDIO® 1450 .

*Measured at input-of Reconciliation sublayer for CRS, RXD<3:0>, RX CLK, RX.DV, RX_ER, and TX CLK. Mea-
sured at inputs of PHY for TXD<3:0>,TX EN;and TX ER.

"Measured at inputof Reconciliation sublayer:

fMeasured at input of PHY.

SMeasurcd at input of STA.

“"Measured at input of PHY, which can be attached via the mechanical interface specified in 22.6.

NOTF—These limits for d¢ input-current allow the use of weak resistive pull-ups-or pull-downs on'the input of each MII
signal. They allow: the use of weak résistive pull-downs on the signals other than COL; MDC; and MDIO. They allow the
use of a'weak resistive pull-up on the signal COL. They allow the use of a resistive pull-down of 2. k |+ 5% on the MDIO
signal inthe STA. They require a resistive pull-up of 1.5k | 5% on the MDIO signal in-a PHY ‘that 15 attached to the MII
via the miechanical interface specified in 22.6. The limits on MDC and MDIO allow the signals to-be “bused” to several
PHYs that are contained on the same printed circuit assembly, with:a single PHY attached via the MII connector.

22.4.4.3 Input capacitance

For all signals other than MDIO, the receiver input capacitance C; shall not exceed 8 pF.
For the MDIO signal, the transceiver input capacitance shall not exceed 10 pF.

22.4.5 Cable characteristics

The MII cable consists of a bundle of individual twisted paits of conductors with an overall shield covering
this bundle. Each twisted pair shall be composed. of a conductor for an individual signal and a return path
dedicated to that signal.

NOTE—It 1s recommended that the signals RX. CLK-and TX CLK be connected to pairs that are located in the center
of the cable buridle.

22.4.5.1 Conductor size

The specifications for dc resistance in 22.4.5.6 and characteristic impedance in22.4.5.2 assume a conductor
size of 0.32 mm (28 AWG).

22.4.5.2 Characteristic impedance

The single-ended characteristic impedance of each twisted pair shall be 68 | + 10%. The characteristic
impedance measurement shall be performed with the return conductor connected to the cable’s overall shield
at both ends of the cable.

22.4.5.3 Delay

The propagation delay for each twisted pair, measured from the MII connector to the PHY, shall not exceed

2.5'ns. The measurement shall be made with the return conductor of the pair connected to the cable’s-overall
shield at both ends of the cable. The propagation delay shall be measured at a frequency of 25 MHz:
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22.4.5.4 Delay variation

The variation in the propagation delay of the twisted pairs in.a given: cable bundle, measured from the MII
connector to the PHY, shall not exceed 0.1 ns. The measurement shall be made with: the return conductor of
the pair connected to the cable’s overall shield at both ends of the cable.

22.4.5.5 Shielding

The overall shield must provide sufficient shielding to meet the requirements of protection against electro-
magnetic-interference.

The overall shield shall be terminated to the connector shell as defined in 22.6.2. A double shield, consisting
of both braid and foil shiclding; is strongly recommended.
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22.4.5.6 DC resistance

The dc tesistance of each conductor in the cable, including the contact resistance of the connector; shall not
exceed 150 m | measured from the MII connector to the remote PHY.

22.4.6 Hot insertion and removal

The insertion or removal of a PHY from the MII with power applied (hot insertion or removal). shall not
damage the devices on either side of the MIL In order to prevent contention between multiple output buffers
driving the PHY output signals, a PHY that is attached to the MII via the mechanical interface defined in
22.6 shall ensure that its output buffers present a high impedance to the MII during the insertion process, and
shall ensure that this condition persists until the output buffers are enabled via the Isolate control bit in the
management interface basic register:

NOTE-The act of inserting-or removing-a PHY from an operational system'may cause the loss of one or more packets
or management frames that may be in transit across the MII or MDI.

22.5 Power supply

When the mechanical interface defined in 22.6 is used to interconnect printed circuit subassemblics, the Rec-
ongiliation sublayer shall provide a regulated power supply for use by the PHY.

The power supply shall use the following MII lines:

+5V: The plus voltage output to the PHY.
COMMON: The return to the power supply.

22.5.1 ‘Supply voltage

The regulated supply vollage (o the PHY shall be 5 Vidc £ 5% at the MII connectlor with respect (o the COM-
MON circuit at the MIT over the range of load current from 0-to 750 mA. The method of over/under voltage
protection is not specified; however, under no conditions of operation shall the source apply a voltage to-the
+5 V.¢ircuit of less than 0-'V or greater than +5.25 Vdc.

Implementations that provide a conversion from the MII to the Attachment Unit Interface (AUL) to-suppott
connection to 10 Mb/s. Medium: Attachment: Units (MAUSs) will require a supplemental power source in
order to meet the AUL power supply requirements specified in 7.5.2.5.

22.5.2 Load current

The sum of the currents carried on the +5 'V lines shall not exceed 750 mA, measured at the MIL.connector.
The surge current drawn by the PHY shall not exceed 5 A peak for a‘period-of 10 ms. The PHY shall be
capable of powerinig up from 750 mA curren( limited sources:

22.5.3 Short-circuit protection

Adcquate provisions shall be made to ensure protection of the power supply from ‘overload conditions,
including a short circuit between the +5 V lines and the COMMON lings:
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22.6 Mechanical characteristics

When the MII is used to interconnect two printed ‘circuit assemblies via a short length-of cable, the cable
shall be connécted to the circuit assembly that implements the Reconciliation sublayer by means of the
mechanical interface defined in this clause.

22.6.1 Definition of mechanical interface

A 40-pole connector having the mechanical mateability dimensions as specified in IEC 1076-3-101: 1995
shall be used for the MIT connector: The circuit assembly that contains the MAC sublayer and Reconciliation
sublayer shall have a female connector with screw locks, and the mating cable shall have a male connector
with jack screws.

No requirements are imposed on the mechanical interface used to connect the MII cable to the PHY circuit
assembly when the MII cable is permanently attached to the'PHY circuit assembly, as shown in figure 22-2.
If the cable is not permanently attached to the PHY circuit assembly; then a male connector with jack screws
shall b¢ used for the MII connector at the PHY circuit assembly:

NOTE—AIl MIT conformance tests are performed at the mating surfaces of the MII connector at the Reconciliation sub-
layer end of the cable. If & PHY circuit assembly does not have a permanently attached cable; the vendor must ensure
that all of the requirements of this clause are also met when a cable that meets the requirements of 22:4.5 15 used to
attach the PHY circuit assernbly to the circuit assembly-that contains the Reconciliation sublayer.

22.6.2 Shielding effectiveness and transfer.impedance

The shells of these connectors shall be plated with conductive material to-ensure the integrity of the current
path from the cable shicld to the chassis. The transfer impedance of this path shall not exceed the values
listed in table 22-11, after a minimum of 500 cycles of mating and unmating. The shield transfer impedance
values listed in the table are measured in accordance with the procedure defined in annex L of IEEE P1394
[A18].

Table 11—Transfer impedance performance requirements

Frequency Value
30 MHz =26 dB |
159 MHz ~13.dB]
500 MHz ~5dn|

All:additions to provide for female shell to male shell conductivity shall be on the shellof the connector with
male contacts. There should be multiple: contact points around the sides of this shell to: provide for shield
continuity.
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22.6.3 LConnector pin numbering
Figure 22-18 depicts the MIT conpector pin munbering, as seen looking futo the contacts of a female comnse-

tor from the mating side,

GK}OWOERQ?;’G@baibowa’ﬂ%d&.aiio“i{}D O 0 0 {} Gzi 03 02{}

0 O“C} 03{‘ QMOAQ O (3 jS} Q’H{}‘gb 35 24623{}32(}%?

Figure 22-18-—Mi conneclor pin numbering

22.8.4 Clearance dimensions

The cireuty assembly that containg the MAC sublayer and Reconciliation sublaver sholl provide sufficient
clearance around the MII connector to allow the sttachment of cables that use die cast metal backshells and
overmodd assemblies, Thiz requivement may be met by providing the clearance dimensionz shown in

figure 22-19,

0o

Figure 22-19-—Mll connector clearance dimensions

hive IEEE Standard. It has been superseded byadalgrossspreobiissiandard.
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22.6.5 Contact assignments

Table 22-12 shows the assignment of circuits to connector contacts.
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Table 12—MIl connector contact assignments

Contact Signal name Contact Signal name

1 5V 21 SV

2 MDIO 22 COMMON

3 MDC 23 COMMON

4 RXD<3> 24 COMMON

5 RXD<2> 25 COMMON

6 RXD<1> 26 COMMON

7 RXD<0> 27 COMMON

8 RX DV 28 COMMON

9 RX CLK 29 COMMON

10 RX_ER 30 COMMON

11 TX ER 31 COMMON

12 TX CLK 32 COMMON

13 TX_EN 33 COMMON

14 TXD<0> 34 COMMON

15 TXD<1> 35 COMMON

16 TXD<2> 36 COMMON

17 TXD<3> 37 COMMON

18 COL 38 COMMON

19 CRS 39 COMMON
20 +5V 40 +5V
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22.7 Protocol Implementation Conformance Statement (PICS) proforma for clause 22,
Reconciliation Sublayer (RS) and Media Independent Interface (MI1)2°

22.7.1 Introduction
The supplier of a protocol implementation that is claimed to ¢conform to IEEE Std 802.3u-1995, Reéconcilia-
tion Sublayer (RS)-and Media Independent Interface: (MII), shall complete the following Protocol Imple-

mentation Conformance Statement (PICS) proforma.

A detailed-description of the symbols used in the PICS proforma, along with instructions for completing the
PICS proforma; can be found in clause 21.

22.7.2 ldentification

22.7.2.1 Implementation identification

Suppher

Contact point for enquiries about the PICS

Implementation Name(s) and Version(s)

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Names(s)

NOTES

1—Only the first three items ‘are required for all implementations; other information may be completed as appropri-
ate'in meeting the requirements for the identification.

2—The terms Name and Version should be interpreted appropriately to correspond with a supplier’s terminology
(e.g.. Type, Series, Model).

22.7.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3u-1995, Reconciliation-Sublayer (RS)
and Media Independent Interface (MIL)

Ideritificationofamendments and corrigendato this PICS
proforma that have been completed-as part of this PICS

Have any Exception items been required? No[] Yes| ]
(Seeclause 21; the answer Yes means that the implementation does not conform to-the standard.)

Date of Statement

DCopyrightreledse for PICS proformas Users of this standard tiay freely reproduce the PICS proforma ini this:annex so that 1t can be
used for its intended purpose and may further publish the completed PICS.
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22.7.3 PICS proforma tables for reconciliation sublayer and media independent interface

22.7.3.1 Mapping of PLS service primitives

Item Feature Subclause Status Support Value/Comment
PL1 Response to RX . ER 22.2.15 M Must produce FrameCheckEr-
ror at MAC
22.7.3.2 Mll signal functional specifications
Item Feature Subclause Status Support Value/Comment
SF1 TX. CLK frequency 22221 M 25% of transmitted data rate
(25 MHz01 2.5 MHz)
SE2 TX CLK duty cycle 22221 M 35%10 65%
SF3 RX_CLK min high/low time 22.2.2.2 M 35% of nomiinal period
SF4 RX: CLK synchronousto re- 22222 M
covered data
SE5 RX. CLK frequency 22222 M 25% of received data rate
(25MHz 61 2.5 MHz)
SE6 RX CLK-duty cycle 22222 M 35%to 65%
SF7 RX CLKsoutce due to lossof | 22.2.2.2 M Nominal clock reference
signal (e.g., TX. CLK reference)
SF8 RX CLK transitions only 22222 M
while RX. DV de-asserted
SF9 RX: CLK max high/low time 22222 M max 2 times the nominal period
following de-assertion of
RX DV
SF10 TX. EN assertion 22223 M On first nibble of preamble
SF11 TX _EN remains asserted 22223 M Stay: asserted while all'nibbles
are transimitted over MIT
SF12 TX EN transitions 22223 M Synichronous with TX CLK
SF13 TX. EN negation 22223 M Before first TX - CLK after final
nibble of frame
SF14 TXD<3:0> transitions 22224 M Synichronous with TX CLK
SF15 TXD<3:0> effect on PHY 22224 M No effect
while TX EN'i§ de-asserted
SF16 TX_ER transitions 22.2.2.5 M Synchronous with TX CLK
SF17 TX. ER effecton PHY while 22225 M Cause PHY to emit invalid
TX_EN isasserted symbol
SF18 TX_ER effecton PHY while 22225 M Noeffect on PHY
operating at 10 Mb/s, or when
TX_EN is de-asserted
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Item Feature Subclause Status Support Value/Comment
SF19 TX_ER implementation 22.2.2.5 M AtMII of a PHY
SF20 TX_ER pulled down if notac- | 22.2:2:5 M At MII of a repeater or MAC/
tively driven RSonly

SE21 RX DV transitions 22226 M Synchronous with RX CLK

SF22 RX DV assertion 22226 M From first recovered nibble to
final nibblc of a framc per
figure 22-6

SE23 RX DV negation 22226 M Before the first RX_CLK fol-
lows the final nibble per
figure 226

SF24 RXD<3:0>¢ffect.on Reconcil- | 22.2.2.7 M No-effect

iation sublayer while RX DV
is de-asserted

SE25 RX ER assertion 22228 M By PHY to indicate error
SF26 RX ER transitions 22.2.2.8 M Synchronous with RX CLK
SE27 RX ER etfect on Reconcilia- 22228 M Noettect

tion sublayer while RX. DV is
de-asserted

SE28 CRS assertion 22229 M By PHY when either transmit
or recetve 1S NON-IDLE

SE29 CRS de-assertion 22229 M By PHY when both transmit
and receive are IDLE

SF30 CRS assertion during collision | 22.2:2.9 M Reiain asserted throughout

SF31 COL: assertion 22.2.2.10 M By PHY upon detection-of-col-
lision on medium

SF32 COL: remains asserted while 22.2:2.10 M

collision persists

SF33 COL. response to SQE 22.2.2.10 M Assertion by PHY

SF34 MDC min high/low time 222211 M 160:ns

SF35 MDC min period 222211 M 40018

SF36 MDIO uses three-state drivers | 22.2.2:12 M

SF37 PHY pullup on MDIO 22.2.2.12 M 15k| 5% (to+5V)

SF38 STA: pulldown on MDIO 22.2.2.12 M 2k| £5%(to 0 V)
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22.7.3.3 Frame structure

Ttem Feature Subclause Status Support Value/Comment
FS1 Format of transmitted frames 2223 M Per figure 22-10
FS2 Nibble transmission order 2223 M Per figure 22-11
FS3 Preamble 7 octets long 22.2.3.2:1 M 10101010 10101010°:10101010
10101010
10101010 10101010
10101010
FS4 Preamble and SFD transmis- 222.32:1 M Pertable 22-3
sioti
FS5 Preamble and SFD reception 222322 M Per table 22-4; table 22-5
FS6 N octets transmitted as 2N 22233 M Per figure 22-11
nibbles
FS7 Tndication of excess nibbles 22.2.35 M Frame contains non=integer
number of octets is received

22.7.3.4 Management functions

Ttem Feature Subclause Status Support Value/Comment

MF1 Incorporate of basic registerset | 22.2.4 M Two:16-bit registers as Control
register (register 0) and Status
register (register 1)

ME2 Action on reset 22.2:4.1.1 M Reset theentire PHY including
Control and Status to default
value and 0.15" 1

MF3 Return 1 until reset completed | 22.2.4.1.1 M Yes(whenresetisdone; 0.1518
self clearing)

MF4 Reset completes within 0.5 s 22.2:4:1.1 M

MF5 Loopback mode 222412 M Whenever 0,14 is1

MF6 Receive circuitry isolated from | 22.2:4.1.2 M
network in loopback mode

ME7 Effectofassertionof TX ENin | 22.2.4.1.2 M No transmission
loopback mode

MEF8 Propagation of data in loop- 222412 M PHY accepts transmit data and
back mode retumn itas reéceive data

MF9 Delay from TX. ENtoRX DV [ 22.2:4.1.2 M Less than 512 BT
mloopback mode

MF10 Behavior of COL inloopback. | 22.2:4.1:2 M De-asserted (for 0:7 =0)
mode

MF11 Behavior of COL in loopback. | 22.2.4.1.2 M If 0.7=1; see MF33 and MF34
mode
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Item Feature Subclause Status Support Value/Comment
MF12 Value of speed selection bitfor | 22.2.4.1.3 M Set to match the correct PHY
single speed PITY speed
MF13 Single speed PHY ignores 222.4.1.3 M
writes to-speed selection bit
MF14 Auto-Negotiation enable 222414 M By setting 0.12 =1
MF15 Duplex mode, speed selection | 22.2.4.1:4 M 1£0.12=1, bits 0:13-and 0.8
have no effect when Auto-Ne- have no effect on link-configu-
gotiation is enabled ration
MF16 PHY without Auto-Negotiation | 22.2.4.1.4 M Yes (if 1.3=0; then 0.12=0)
retumns value of zero
MF17 PHY withoutAuto-Negotiation | -22.2.4.1.4 M Yes:(if 1.3=0; 0:12-always=0
ignores writes fo-enable bit and cannot be changed)
MF18 Response to management 222415 M Remains active
transactions in. power dowil
MF19 Spurious signal$ in power 222415 M None (not-allowed)
down
ME20 TX_ CLK and RX CILK stabi- | 22.2:4.1.5 M Yes (after both bits 0.1.1-and
lize within0.5 s 0:10 are cleared to zero)
MFE21 PHY Responseto input signals | 22.2.4.1.6 M NONE
while isolated
MF22 High impedance on PHY out- 22.2:4.1.6 M Yes (TX_CLK;RX.CLK;
put signals while isolated RX DV,RX _ER,RXD<3:0>,
COL, and CRS)
MF23 Response to management 222.4.1.6 M Remains active
transactions while isolated
ME24 Default value of isolate 22.24.1.6 M 0.10 =1
MF25 PHY withoutAuto-Negotiation | 22.2.4.1.7 M 0.9=0if1.3=00r0:12=0
returns value of zeto
ME26 PHY withoutAuto-Negotiation | 22.2.4.1.7 M 0.9 =0, cannot be changed if
ignores writes to restart bit 1.3=0010.12=0
MF27 Restart Auto-Negotiation 222.4.1.7 M When 0.9=11f0.12'=1-and
13=1
MF28 Returni 1 until Auto-Negotia- 22.2.4.1.7 M 0.91s self clearing to: 0

tion initiated

ME29 Auto-Negotiation not cftected 22.2.4.1.7 M

by clearing bit

ME30 Value of duplex mode bit for 22.2:4.1.8 M Set 0.8 to match the correct
PHY s with oné duplex inode PHY duplex mode

MF31 PHY ‘with one diplex modeig- | 22.2.4.1.8 M Yes (0.8 remains unchanged)
nores wriles o duplex bil

MFE32 Loopback not atfected by du- 222418 M Yes:(0:8 hasno effecton PHY
plex mode when 0.14 = 1)

MF33 Assertion of COL: i collision 222419 M Within 512 BT after TX. EN is
test mode asserted
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Item Feature Subclause Status Support Value/Comment
MF34 De-assertion of COL in.colli= 22.2.4.1.9 M Within 4 BT after TX EN is
ston test mode de-asserted
MEFE35 Reserved bits written as zero 222:4.1.10 | M
MF36 Reserved bits ignored when 2224110 | M
read
ME37 PHY returns 0 inreserved bits | 22.2.4.1.10 | M
MF38 Effectof write on status register | 22.2.4.2 M No effect
MF39 Reserved bits ignored when 222426 M
read
MF40 PHY teturns 0-in teserved bits | 22.2.4.2.6 M
MF41 PHY returns 0 if Auto-Negotia- [ 1 22.2.4.2.8 M Yes (1.5 =0 when0.12=10)
tioni disabled
MF42 PHY returns 0 if it lacksability | 22.2.4.2:8 M Yes (1.5 ="0when 1.3 =0)
to perform Auto-Negotiation
MF43 Remole faulthas lalching 222429 M Yes (once sel will remain set
function until cleared)
MF44 Remote fault cleared on read 22.2:42.9 M Yes
MF45 Remote fault cleared on reset 222429 M Yes (when 0.15=1)
MF46 PHY without réinote fault re- 222429 M Yes (1.4 always 0)
turns value of zero
MEF47 Link status has latching 2224211 | M Yes:(once cleared by link fail-
function ure will remain cleared until
read by MIL)
MF48 Jabber detect has latching func- | 22.2:4.2:12 | M Yes (once set will remain ‘set
tion until cleared)
MF49 Jabber detect cleared on read 2224212 | M
MI*50 Jabber:detect cleared on reset 2224212 | M
MEF51 100BASE-T4 and 100BASE-X | 222:42:12 | M Yes (1.1 always =0 for
PHY s'return 0 for jabber detect 100BASE-T4 and 100BASE-
)
MES2 MDIO not driven if register 22.2:4.3 M Yes (MDIO remain high im-
read 1§ unimplemented pedance)
ME53 Write hasno eftect if register 22243 M
written is unimplemented
ME5S4 Registers 2 and 3 constitute 222431 M
unique identifier for PHY type
MF55. | MSB.of PHY identifieris 2.15 | 22.2.4.3:1 M
MEF56 L.SB of PHY identifieris 3.0 222431 M
MF57 Comiposition of PHY identifier | 22.2:4.3.1 M 22-bit OUL, 6-bit model, 4-bit
version per ligure 22-12
MES8 Format of management frames | 22.2.4.4 M Per table 22-9
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Item Feature Subclause Status Support Value/Comment

MF59 Idle condition.on MDIO 22.2.44.1 M High impedance state

MF60 MDIO preamble sent by STA 222442 M 32 contiguous logic one bits

MF61 MDIO preamblé-observed by 222442 M 32 contiguous logic one bits

PHY

ME62 Assignment of PHYAD 0 222445 M Address of PHY attached via
Mechanical Interface

MF63 Assignment 0of REGAD 0 222446 M MII control register address

MF64 Assignment of REGAD 1 22.2.4.4:6 M MII status register address

MF65 High impedance during first bit | 22.2.4.4.7 M
time of turnaround in read
transaction

MFE66 PHY drives zero during second. | 22.2.4.4.7 M
bit time of turfiaround in read
transaction

MFE67 STA drives MDIO during turn- | 22.2.4.4.7 M
around in write transaction

MEF68 First data bit transmitted 222448 M Bit 15 of the register being ad-
dressed
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22.7.3.5 Signal timing characteristics

Ttem Feature Subclause Status Support Value/Comment
ST1 Timing characteristics mea- 223 M
sured-in accordance with
annex 22C
ST2 Transmit signal clock tooutput | 22.3:1 M Min = 0 ns; Max =251
delay per figure 22-14
ST3 Receive signal setup time 2232 M Min = 10 ns per figure 22-15
ST4 Receive signal hold time 2232 M Min = 10 ns per figure 22-15
ST5 MDIO setup and hold time 22.3:4 M Setup min= 10-ns; Hold min =
10 ns per figure 22-16
ST6 MDIO ¢lock to output delay 2234 M Min = 0ns; Max = 300ns
per figure 22-17

22.7.3.6 Electrical characteristics

Ttem Feature Subclause Status Support Value/Comment

EC1 Signal paths are either pointto | 22:4.2 M
point; or a sequence of point-
to-point transmission paths

EC2 MIT uses unbalanced signal 2242 M
transmission paths

EC3 Characteristic impedance of 2242 M 68 | +15%
electrically long paths

EC4 Output impedaice of driver 2242 M On all electrically long point to
used to control reflections point signal paths

EC5 Vi 22431 M >24V (15 =4 mA)

EC6 Vi 22431 M " 0.4V (=4 mA)

EC7 Performance requirements to 22:4.32 M Min switchirig potential charige
be guaranteed by ac specifica- (including its reflection) = 1.8 V.
tions

EC8 Vihiiminy 22:4.4.1 M 2V

EC9 Viiimas) 22.4:4.1 M 0.8V

EC10 Input current measurement 22442 M At MII connhector
point

EC11 Input current reference poten- 22442 M Reference to MII connector
tials +5 Vand COMMON pitis

EC12 Input current reference poten- | 22:4.4.2 M 0Vto525V
tial range

EC13 Inputcurrent limils 22442 M Per lable 22-10
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LOCAL-AND METROPOLITAN AREA NETWORKS:

Item Feature Subclause Status Support Value/Comment

EC14 Input capacitance for signals 22443 M " 8 pF
other than MDIO

EC15 Input capacitance for MDIO 22443 M " 10pF

EC16 Twisted-pair composition 2245 M Conductor foreach signal with

dedicated return path

EC17 Single-ended characteristic im- | -22:4.5.2 M 68 | +10%
pedance

EC18 Characteristic impedance mea- | 22.4.5.2 M With return conductor connect-
surement method ed to cable shield

EC19 Twisted-pair propagation delay | 22.:4:5.3 M "2.5n8

EC20 Twisted-pair propagation:delay | 22:4.5.3 M With return conductor connect-
measurement method ed to cable shield

EC21 Twisted-pait propagation delay | 22.4.5.3 M 25 MHz
measurement frequency

EC22 Twisted-pair propagation delay | 22.4.54 M "0.1ns
variation

EC23 Twisted-pair propagation delay | 22:4.5.4 M With return conductor connect-
variation measurément method ed to cable shield

EC24 Cable shield termination 22455 M To the corinector shell

EC25 Cable conductor DC resistance | 22.:4.5.6 M " 150 m |

EC26 Effect of hot insertion/removal | 22.4:6 M Causes no-damage

EC27 State of PHY output buffers 224.6 M High impedance
durinig hot insertion

EC28 State of PHY output buffers af- | 22.4:6 M High impedance until enabled
ter hot insertion via Isolate bit
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22.7.3.7 Power supply

Ttem Feature Subclause Status Support Value/Comment
PS1 Regulated power supply 22.5 M To PHY by Reconciliation
provided sublayer
Ps2 Power supply lines 22.5 M +5Vand COMMON (return of
+5V)
PS3 Regulated supply voltage limits | 22.5.1 M S5Vde+5%
PS4 Over/under voltage limits 2251 M Over limit =5:25 Vdc
Under limit =0V
PS5 Load current limit 2252 M 750:mA
PS6 Surge current limit 2252 M "5 A peak for 10-ms
PS7 PHY can power up from cur= 2252 M From 750 mA current limited
rent limited source source
PS8 Short-circuit protection 2253 M When +5V and COMMON are
shorted

22.7.3.8 Mechanical characteristics

Ttem Feature Subclause Status Support Value/Comment
*MC1 | Useof Mechanical Interface 22.6 ¢] Optional

MC2. | Connector reference standard 22.6.1 MCI:M IEC 1076-3-101: 1995

MC3 . | Useof female connector 22:6.1 MCI:M AtMAC/RS side

MC4. | Useofmale contiector 22.6.1 MCI:M AtPHY mating cable side

MC5 | Connector shell plating 22.6.2 MCL:M Use conductive material

MC6 - | Shield transfer impedarnce 2262 MCI:M After 500:cycles of mating/
unmating, per table 22-11

MC7 | Additionsto providefor female | 22.6:2 MCI:M On shell of conductor with

shell to maleshell conductivity male contacts

MC8. | Clearance dimensions 2264 MCI:M 15 mm x 50 mim; per

figure 22-19
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23. Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA)
sublayer and baseband medium, type 100BASE-T4

23.1 Overview

The 100BASE-T4 PCS, PMA, and baseband medium specifications are -aimed atusers who want 100 Mb/s
performance, but would like to retain the benefits of using voice-grade twisted-pair cable. 100BASE-T4 sig-
naling requires four pairs of Category 3 or better cable; installed according to ISO/IEC 11801:.1995, as
specified in 23.6. This type -of cable, and the connectors used with it, are simple to install and reconfigure.
100BASE-T4 does not transmit a continuous signal between packets; which makes it useful in battery pow-
ered applications. The 100BASE-T4 PHY is one of the 100BASE-T family of high-speed CSMA/CD net-
work specifications.

23.1.1:Scope

This clause defines the type 100BASE-T4 Physical Coding Sublayer (PCS), type 100BASE-T4 Physical
Medium: Attachment (PMA) sublayer, ‘and type ‘100BASE-T4 Medium' Dependent - Interface  (MDI).
Together, the PCS and PMA layers: comprisé-a 100BASE-T4 Physical Layer (PHY). Provided in this docu-
mertare [ull funclional, electrical, and mechanical specifications for the type 100BASE-T4 PCS, PMA,; and
MDI. This clause also specifies the baseband medium used with 100BASE-T4.

23.1.2 Objectives
The following are the objectives of 100BASE-T4:

a) - Tosupport the CSMA/CD MAC.

b) - To support the 100BASE-T MII, Repeater, and optional Auto=Negotiation.

¢)  To provide 100 Mb/s data rate at the MIL

d) - To-provide foroperating over unshielded twisted pairs of Category 3, 4, or 5 cable, installed as hori-
zontal runs in accordance with ISO/IEC 11801: 1995, as specified in 23.6; at distances up to 100 m
(328 ft).

¢) - To allow for a nominal network extent of 200 m; including:
1) Unshielded twisted-pair links of 100 m.
2) - Two-repeater networks of approximately a 200 m span.

f) - To provide a communication channel with a mean ternary symbol error rate, at the PMA service
interface, of less than one part in 10,

23.1.3 Relation of 100BASE-T4 to other standards

Relations between the 100BASE-T4 PHY and the ISO Open Systems Interconnection (OSI) reference
model and the IEEE 802.3 CSMA/CD LAN modelare shown in figure 23-1. The PHY Layers shown in fig-
ure 231 connect one clause 4 Media Access Control (MAC) layer to-a clause 27 repeater. This clause also
discusses other variations -of the basic configuration shown' in figure: 23-1. This whole ¢lause builds on
clauses 1 through 4-of this standard:

23.1.4 Summary

The lollowing paragraphs sumnmarize the PCS and PMA clauses of this document.

23.1.4.1 Summary of Physical Coding Sublayer (PCS) specification

The 100BASE-T4 PCS couples a Media Independent Interface (MII), as described in ¢lause 22, to a Physical
Medium Attachment sublayer (PMA).
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RUCKUS Ex 1007-pg. 98


3djc
Sticky Note
None set by 3djc

3djc
Sticky Note
MigrationNone set by 3djc

3djc
Sticky Note
Unmarked set by 3djc


IEEE

Std 867 31995 SUPPLEMENT TO 802 %
0S}
REFERENCE LAN
MODEL CEMAICD
LAYERS LAYERS
APPLICATION HIGHER LAYERS
PRESENTATION. /| LLC—LOGICAL LINK CONTROL
SESSION 7 IMAC--MEDIA ACCESS CONTROL
TRANSPORT | / TRECONCILIATION |
NETWORK N
DIATA LINK - g) PHY
h
PHYSICAL ;

e 10 100 Mb/s Baseband Repeator Sot
oF i HNBASE-T4 PHY {point-inpoint ink)

100 Mivs

M = MEDIUM DEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
W = MEDIA INDEPENDENT INTERFACE PRA = PHYSICAL MEDIUM ATTACHMENT
FHY = PHYSICAL LAYER DEVICE

* Ml is optional.
** AUTOMEDS communinates with the PMA sublayer through the PMA service inferface messages
PRA_LINK request and PMA_LINI indicate.
“* AFTONEG is optional,

Figure 23-1—Type 100BASE-T4 PHY relationship to the 180 Open Systems
interconnection {OS81) reference model and the IEEE 802.3 CSMAICD LAN model

The PCSE Transindt function accepts data nibbles from the BIL The PCS Transmut fimction encodes these
nibbdes using an EBET coding scheme (o be desoribed) snd passes the resudting temary symbels to the
PMA, I the reverse direction, the PMA conveys recetved temary symbols fo the PCS Recerve fupction, The
PUS Receive Suwtion decedes them into ovtets, and then passes the octets one nibble af a time up to the MIL
The PCS also contatns g PUS Carrter Sense function, s POS Frror Sense function, 8 PCS Collision Presence
function, and 2 management interface.

Figuve 23-2 shows the division of responsibilifies between the PCS, PMA, and MDI layers,

Physical level conununication between PHY entities takes place over four twisted pairs. This specification
permits the use of Category 3, 4, or § vnshielded twisted pairs, wstalled acoording fo ISQVIEC 11801: 1995,
as specified 1n 23,6, Figure 23-3 shows how the PHY menages the four twisted pairs ot its disposal.

The [B0BASE-TY ranstission slgorithen always leaves one par open for detecting carrier from the far end
{see figywe 23-3). Leaving one pair open for carer detection in each direction greatly stmplifies media access
cortirol, All colliston: detection functiors are accomplished naing only the unidirectional pates TX D and
BX D2, i o mancer sisniar o J0BASE-T. This eollision deteonion sirategy Ieaves theee pairs in each disection
free for data fransmission, which uses an 8R6T black code. schemativally represented 1 figure 234,

BBHT coding, ax used with 100BASE-TS signaling, maps data octets inbo termary sywbels. Each potet i

mapped to a patiern of 6 ternary symbols, called a 6T code group. The 6T code groups are fanned out fo
three mdependent serial channels. The effective data sate carried on zach pair is one third of 10D Mbis,
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Figure 23-3—AUse of wire pailrs
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Figure 23-4—8B6T coding

which is 33,333, Mb/s. The ternary symbol ransmission rate on each pair is §7/8 times 33.33 Mb/s, or pre-
cisely 25.000 MH2.

Refer to annex 23A for a conplete listing of BBET code words.

The BCS fiunctioas and state diagrams are specified in 23.2. The PCS electrical mterface fo the MIT conforms
fo the interface requirements of clanse 21, The PCS interface to the PMA i1s an abstract message-passing
iterface specified in 23,3,

23.1.4.2 Bummary of physical medium attachment {PMA} specification

The PAMA couples messages from the PMA service interface onto the twisted-patr physical medinm. The
PFMA provides communications, at 100 Miv's, over four pairs of twisted-pair wirlag up to 100 m in length.

The PMA Transmut funchion, shown m fgure 23-2, comprizes thwee imdependent ternary date transmitters.
Upon receipt of 2 PMA_UNITDATA request message, the PMA synthesizes one temary symbol en each of
the three output chamels (TX_ D1 BI D3, and BI D4y Bach output deiver has a fermary outpit, mesning
that the output wavefonm can asswme sy of thuee values, corresponding to the trasmission of terpary syme
bols U80, €81 or 081 {see 23.4.3.1) on sach of the twisted paws.

The PMA Receive fimction comprises three independent ternmry data receivers. The receivers are responsi-
ble for acquiring clock, decoding the Start of Siream Dielimiter (S5I2) on cach channel, and providing data to
the PCS s the synchrouous faskdon defined by the PMA_ TINITDATA judicats message. The PRMA alse con-
fains functions for PMA Camner Sense and Lk Integnity,

PMA hunctions and state disgrams appear i1 23,4, PMA electrical specifications appear in 23.5.

23.4.5 Application of 100BASE-T4

23.1.5.1 Compatibility considerations

Al moplementations of the twisterdbpanr link shall be companble af the MDY The PCE, PMA, and the
medium are defined to provide compatthility aamong devices designed by different manufacturers. Designers
are free to hnplement cirouitry within the PUS and PMA {in an application-dependent mnuner) provided the
MDY (and MU, when innplemented) specifications are met.

23.1.5.2 Incorporating the 100BASE-T4 PHY into 3 DTE

The PUB is reguired when used with ¢ DTE. The PCS provades funchions necessary o the overall svstem
operation {such a5 8B6T coding) and cannot be anutted. Refer to figure 23-1.
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When the PHY is incorporated within the physical bounds of a. DTE, conformance to the MII interface is
optional, provided that the observable behavior of the resulting system is identical to a system with a full
MII implementation. For example, an integrated PHY may incotporate an interface between PCS and MAC
that is-logically equivalent to the MII, but does not have the full output current drive capability called for in
the MII specification.

23.1.5.3 Use of 100BASE-T4 PHY for point-to-point communication

The 100BASE-T4 PHY, in conjunction with the MAC specified in clauses 1-4 (including parameterized val-
ues in4.4.2.3 fo suppott 100 Mb/s operation), may be used at both ends of a link for point-to-point applica-
tions between two DTEs.: Such a:configuration ‘does not require a tepeater. In this case cach. PHY may
connect through an MII to its respective DTE. Optionally, either PHY (or both PHYs) may be incorporated
into the DTEs without an exposed MIL

23.1.5.4 Support for Auto-Negotiation

The PMA service interface contains primitives used by the Auto-Negotiation algorithm (clause 28) to auto-
matically select operating modes when connected to a like device.

23.2 PCS functional specifications

The ' 100BASE-T4 PCS: couples a Media Independent Interface (MIIL), as described -in clause 22; to-a
100BASE-T4 Physical Medium Attachment sublayer (PMA).

At its interface with the MII, the PCS communicates via the ¢lectrical signals defined in clause 22.

The interface between PCS and the next lower level (PMA) is an abstract message-passing interface
described in 23.3. The physical realization of this interface is left to the implementor, provided the require=
ments of this standard, where applicable, are met.

23.2.1 PCS functions

The PCS comprises on¢ PCS Reset function and five simultaneous and asynchronous operating functions.
The PCS operating functions are PCS Transmit; PCS Receive, PCS Error Sense, PCS Carrier Sense, and
PCS Collision Presence. All operating functions start immediately after the successful completion of the
PCS Reset function.

The PCS reference diagram, figure 23-5, shows how the five operating functions relate to: the messages of
the PCS-PMA interface: Connections from the management interface (signals MDC and MDIO) to other
layers are pervasive, and are not shown in figure 23-5. The management functions are specified in ¢lause 30.
See also figure 23-6, which defines the structure of frames passed from PCS to PMA. ‘Se¢ also figure 23-7,
which presents a reference model helpful for understanding the definitions of PCS Transmit function state
variables ohrl-4 and ts.

23.21.1 PCS Reset function

The PCS Reset function shall be executed any time ¢ither of two conditions occur. These two conditions are
“power'on” and the receipt of a reset request from the management entity. The PCS Reset function initializes
all PCS functions. The PCS Reset function sets pcs reset ” ON for the duration of its reset function. All state
diagrams take the open-ended pes. reset branch upon execution of the PCS Reset function. The reference
diagrams do not-explicitly show the PCS Reset function:

This is an Archive |IEEE Standard. It has been superseded by a later version of this standgrd.
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Figure 23-5—F(8 reference diagram

23.2.1.2 PCS Transmit function
The PUS Transmit funchion shall conform to the PCR Transmit state diagram in figure 23-8.

The PCS Trarsomit fonction recetves nibbles from the TXD siguals of the ML sssembles paivs of mibbles to
form outers, converis the ootels into 6T code groups according to the 8B6T code table. and passes the result-
g ternary data 1o the PMA wsing the PMA UNITDATA reguest message, The state diagram of figure 23-8
depicts the PCS Tranamit funchon operation, Defustions of state variables tsr, o, sosg, sosb, gopl-3, and
ix_extend wsed m that diagram, as well as m the following text, appear in 23.2.4.1. The phrysical structire
represented m Hgure 23-7 15 not required; 1t merely serves to explain the meaning of the state diagram vari-
ables ohr and tar in figore 23-8. hnplementors are free fo consirnet any logical devices having uetonality
identical to that described by this hmctional description and the PCK Transmit state dizgram, figore 23-8,

PUR Tronsmit makes use of the tsr and ohr slift registers to manage pibble assembly and ternary symbol
transnussion. Nibbles from the MII go inte tsr, which PUS Transinst reads as octets, PUS Transmit then
encodes those ootets and writes 6T code groups to the obr registers. The PMA TTNITDATA request message
passes ternary svibols Srom the ohr registers 1o the PMAL In each state diagram block, the obw Ivading oper-
ations are conducted first, then tx_cede_vector is loaded and the state dirgram waits 40 ns.

The first 3 octets assewbled by the PCS Trassodt fmnction are encoded into the sosa code word and the next
3 octets assembled are encoded into the sosh code word. This guarantees that every packet begins with a
valid presmble pattern. Thiz is accomplished by the defindtion of tsz. In addition, the PUS Transmit state din-
gram also specifies that at the start of a packet all three output holding registers obirl, ol and ohrd will be
loaded with the same value (sosa). This produces the ternary symbols labeled P3 and P4 in figure 23-6.

This is argdrchive IEEE Standard. I has been supersedad by o aler varsion of this standard.
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At the conclusion of the MAC framg; the PCS Transmit function appends-copl-5. This is accomplished by
defining a variable tx¢extend to stretch the TX EN signal, and defining tsr during this time to be a'sequence
of constants that decodes to the proper cop code groups.

The encoding operation shall use the:8B6T code table listed in annex 23A; and the dc balance encoding rules
listed below. Enicoding is performed separately for each transmit pair:

23.2.1.2.1 DC balance encoding rules

The encoding -operation maintains: dc balance on each transmit pair by keeping track of the cumulative
weight of all 6T code groups (sec weight of 61 code group, annex 21A) transmitted on that pair. For each
pair, it initiates the cumulative weight to 0 when the PCS Transmit function is in the AWAITING DATA TO
TRANSMIT state.. All 6T code groups in the code table have weight 0 or 1. The dc balance algorithm condi-
tionally negates transmitied 6T code groups, so that the code weights transmitted on the line include 0, +1,
and ~1. This d¢ balaiice algorithm ensures: thal the cumulative weight on each pair al (he ‘¢onclusion ol each
6T code group is always-either 0 or 1, so only one bit per pair is needed. to store the cumulative weight. As
used below, the phrase “invert the cumulative weight bit”™ means “if the cumulative weight bit is zero then set
it to one, otherwise set it to zero.”

Afterencoding any octet, except the constants sosa, sosb, copl=5-orbad code; update the cumulative weight
bit for the affected pair according to rules a) through ¢):

a) . Ifthe 6T code group weight is 0, do not change the cumulative weight.

b) - Ifthe 6T code group weight is 1, and the cumulative weight bit is:0, set the cuamulative weight bit to 1

¢)  Ifthe 6T code group weight is 1, and the cumulative weight bit is also 1, set the cumulative weight
bit to 0, and then algebraically negate all the ternary symbol values in the 6T code group.

After encoding any of ‘the constants sosa; sosb; or bad code. update the cumulative weight bit for the
affected pair according to rule d):

d) - Do not change the:cumulative weight. Never negate sosa, sosb ot bad code.

After encoding any of the constants copl-5, update the cumulative weight bit for the affected pair according
to rules ¢) and f):

¢)  If the cumulative weight is 0, do not change the cumulative weight; algebraically negate all the ter-
nary symbol values in copl-5.
f) . Ifthe cumulative weight is 1, do not change the cumulative weight.

NOTE—The invetsion rules for eopl-5-are opposite rule b). That makes:eopl-5 look very unlike normal data, increasing
the number of errors required to synthesize a false end-of-packet marker.

23.2.1.3 PCS Receive function

The PCS Receive function shall conform-to the PCS Receive state diagram in figute 23-9.

The “PCS  Receive function accepts  ternary - symbols from  the PMA, communicated - via the
PMA UNITDATA indicate ‘message, converts them using 8B6T coding into a nibble-wide format -and
passes them up-to the MIL. This function also generates RX_DV. The state diagram of figure 23-9 depicts the
PCS Receive function. Definitions of state variables ih2, ih3, 'and ih4 used in that diagram; as well as in the

following text, appearin 23.2.4.1.

The last 6 values of the rx code vector are available to the decoder. PCS Receive makes use of these stored
rx_code vector values as well as the 1h2-4- registers to manage the assembly of térnaty symbols into 6T code

This is an Archive IEEE Standard. It has been superseded by a later version of this standgrd.
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groups, and the conversion of decoded data octets into nibbles. The last 6 ternaty symbols for pair Bl D3 (as
extracted from the last 6 values of 1x_code¢_vector) are referred to in the state diagram as BI. D3[0:5]. Other
pairs are referenced accordingly.

The PCS Receive state diagran starts the first time the PCS receives a PMA_UNITDATA indicate message
with & code vector=DATA. (as -opposed to IDLE or PREAMBLE). The contents of this first
PMA UNITDATA indicate (DATA) message are specified in 23.4.1.6.

After the sixth PMA. UNITDATA indicate: (DATA) message (state DECODE CHANNEL: 3), there is
enough information to decode the first data-octet. The-decoded data is transmitted across the MII in two
parts, a least significant nibble followed by a most significant nibble (see¢ clause 22).

During state COLLECT 4TH TERNARY SYMBOL the PCS Receive function raises RX_DV and bégins
shifting out the nibbles of the 802.:3 MAC SFD; least significant nibble first (SFD:LO). The most significant
nibble of the 802.3 MAC SFD, called SFD:HLI, is sent across the MII during the next state, COLLECT 5TH
TERNARY SYMBOL.

Once cop is signaled by the decode operation; the state diagram de-asserts RX DV, preventing the end-of-
packet bits from reaching the MIIL.At-any time that RX. DV is de-asserted, RXD<3:0> shall be all zeroes;

The decode operation shall use the 8B6T code table listed in annex 23A; and the error-detecting rules listed
in 23.2.1.3.1. Decoding and maintenance of the cumulative ‘weight bit is performed scparately for cach
Teceive pair.

23.2.1.3.1 Error-detecting rules

The -decoding operation ¢checks the dc balance on each receive pair by keeping track of the cumulative
weight of all 6T code group received on that pair. For-¢ach pair; initialize the cumulative weight to 0 when
the PCS Receive function is in the AWAITING INPUT state. As in the encoding operation, only one bit per
pait is needed tostore the cumulative weight.

Before decoding each octet, check the weight of the incoming code-group and then apply rules a) through h)
in sequence:

a) - If the received code group is copl (or its negation), set cop=ON. Then check the other pairs for con-
formance to the end-of-packet rules as follows: Check the last four ternary symbols of the next pair;
and the last two ternary sy mbols from the third pair for exact conformance with: the end-of-packet
pattern-specified by PCS Transmit, including the cumulative weight negation rules. If the received
data do¢s not conform, set the internal variable cop_error=ON. Skip-the¢ other rules.

b). - If the received code group weight is greater than 1 -or less than =1, set the internal variable
dc balance error=ON. Decode to-all zeros. Do not change the cumulative weight.

¢) = If'the received code group weight is zero, use the code table to decode. Do not change the cumula-
tive weight.

d) - If the received code group weight is +1, and the cumulative weight bit is 0, use the code table to
decode: Invert the cumulative weight bit.

¢) . If the received code group weight is'=1. and the cumulative weight bit is 1, algebraically negate each
ternary symbol in the ¢ode group and then use the code table to decode. Invert the cumulative weight
bit.

f) - If the received code group weight is +1 and the cumulative weight bit is 1, set the internal variable
dc balance error=ON. Decode to all zeros. Do not change the cumulative weight.

g) . Ifthe received code group weight is —1 and the cumulative weight bit is 0, set the internal variable
dc balance error=ON. Decode to all zeros. Do not change the cumulative weight.

hy - Ifthe (possibly negated) code group is not found in the code table, set codeword error =ON. Decode
to all zeros. Do not change the cumulative weight.

This is arggirchive IEEE Standard. It has been superseded by a later version of this standard.
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The variables dc balance error, ¢op: etror and codeword: ¢rror shall remain OFF at ‘all times other than
those specified in the above error-detecting rules.

The codeword: error=ON indication for a (possibly negated) code group not found in the code table shall set
RX_ER during the transfer of both affected data nibbles across the MII.

The dc_ balance error=ON indication for a code group shall set RX ER during the transfer of both affected
data nibbles across the MIL

The cop_error=ON indication shall set RX ER during the transferof the last decoded data nibble of the pre-
vious ‘octet across the MIL  That is at least one RX CLK: period earlier than the requirement for
codeword error and dc_balance error.

These timing réquirements imply consideration of implementation delays not specified in the PCS Receive
state-diagram.

RX DV is asserted coincident with the transmission across the MII of valid packet data, including the clause
4 MAC SFED; but not including the T00BASE-T4 end-of-packet delimiters eop1-5. When a packet is trun-
cated due to early de-assertion of carrietr status, an RX. ER-indication shall b¢ generated.and RX. DV shall
be de-asserted, halting receive processing. The PCS Receive Function may use any of the existing signals
codeword. error; dc.balance - error, or cop_error to accomplish this function.

23.2.1.4 PCS Error Sense function
The - PCS Error - Sense function. performs the task of sending RX ER to the MII whenever
rxerror_status=ERROR is received from the PMA sublayer or when any of the PCS decoding error condi-

tions occut: The PCS Ertor Sense function shall conform to the PCS Ertor Sens¢ state diagram in figure 23~
10.

Upondetection of any error, the error sense process shall report RX ER to the MII before the last nibble of
the clause 4 MAC frame has been passed across the MIL Errors attributable to a particular octet are reported
to the MII coincident with the octet in which they occurred.

The timing of rxerror_status shall cause RX_ER to appear on'the MII no later than the last nibble of the first
data octet in the frame;

23.2.1.5 PCS Carrier Sense function

The PCS Carrier Sense function shall perform the function of controlling the MII signal CRS according to
the rules presented in this clause.

While link_ status = OK, CRSis asserted ‘whenever rx crs=ON or TX EN=1, with timing as specified in
23.11.2, and table 23-6.

23.2.1.6 PCS Collision Presence function

A PCS collision is defined as the simultaneous occurrence of tx code vectorTIDLE and the assertion of
carrier status=ON while link_status=OK. While a PCS collision is detected, the MII signal COL: shall be
asserted, with timing as specified in 23.11.2 ‘and table 23-6.

At other times COL shall remain de-asserted.

This is an Archive IEEE Standard. It has been superseded by a later version of this standgyd.
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23.2.2 PCS interfaces
23.2.2.1 PCS-MIl interface signals

The following signals -are formally defined in 22.2.2. Jabber detection as specified in 22.2.4.2.12 is not

required by this standard.
Table 23-1—MIl interface signals
Signal name Meaning
TX CLK Transmit Clock
TXD<3:0> Transmit Data
TX ER Forces transmission.of illegal code
IX EN Frames Ttansmit Data
COL Collision Indication
CRS Non-Idle Medium Indication
RX CLK Receive Clock
RXD<3:0> Receive Data
RX DV Frames Receive SFD-and DATA
RX ER Receive Error Indication
MDC Management Data Clock
MDIO Management Data

23.2.2.2 PCS=Management entity signals

The management interface has pervasive connections to all functions. Operation of the management control
lines MDC and MDIQ, and requirements for managed objects inside the: PCS: and PMA; are specified in
clauses 22 and 30, respectively.

The loopback mode of operation shall be implemented in-accordance with 22.2.4.1.2. The loopback mode of
operation loops back transmit data to receive data, thus providing a way to check for the presence of a PHY.

No spirious signals shall be emitted onto the MDI when the PHY is held in power-down mode as defined in
22.24.1.5 (even if TX EN is ON) or when released from power-down mode, ot when external power is first
applied (o (he PHY.

23.2.3 Frame structure

Frames passed from the PCS sublayer to the PMA sublayer shall have the structure shown in figure 23-6.
This figure shows how ternary-symbols on the various pairs are synchronized as they are passed by the
PMA UNITDATA indicate and PMA. UNITDATA request messages. Time proceeds from left to right in
the figure.

In the frame structure example, the last 6T code group, DATA N, happens to appear on transmit pair Bl D3
It could have appeared on-any of the three transmit pairs, with the five words ¢opl through eopS appended
afterward as the next five octets in sequence. The end of packet as recognized by the PCS is defined as the
cnd of the last ternary symbol of copl. At this point a tccciver has gathered cnough information to locate thc
last word in the packet and check the dc balance on ¢ach pait.

If the PMA service intetface is exposed, data carried between PCS and PMA by the PMA_UNITDATA.indi-
cate and PMA UNITDATA request messages shall have a clock in each direéction. Details of the clock

This is anggrchive IEEE Standard. It has been superseded by a later version of this standard.
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tx: ‘code vector =

IDLE DATA

- code: vector = . code_vector = rx_code. vector =

IDLE

IDLE  PREAMBLE DATA

x_-code vector =
IDLE

TX D1 RX D2 | SOSA [ SOSA | sOsB [ DATA2 | [DATAN-1[EOP.2 [ EOP 5 |
- | [

BIL.D3 B D4 ~ |[P3] SOSA | SOSA [ sOsB | DATAS |
[

Bl-D4 BI.D3-..[ P4 | SOSA| SOSB | DATA1]

DATAN [EOP_3 |
I

EOP_4

T T 2: ’2;-'2T StSaSrEOf_ Ié:ts; Deﬁad end of
Trans_mlt Rec&_elve Stream octet
pair pair

packet for timing
references (23.11)

End of packet recognized
by PCS and DC balanice
checked at end of eop1

Delimiter
‘ carrier_status’= ON

Figure 23-6—PCS sublayer to PMA sublayer frame structure

implementation are left to the implementor. The choice of binary encoding for each ternaty symbol is left to

the implementor.

The following frame elements appear in figure 23-6 (ternary symbols are transmitted leftmost first):

SOSA The succession of six ternary symbols: [ 1 =1
encoding the constant sosa.

SOSB The succession of six ternary symbols: [ 1 =1
encoding the constant sosb.

P3 The succession of two ternary symbols: - [ 1 =1].

P4 The succession of four ternary symbols: [ 1. =1

1. =17, which is the result of

1. =1 =1 1], whichisthe result of

L=1].

DATA A 6T code group that is the result of encoding a data octet ina packet that is not part of the clause

4 MAC prcambl¢ or'SFD.
EOP1-5

23.2.4 PCS state diagrams

A 6T code group that is the result of encoding one of the end-of-packet patterns eopl-5.

The notation used 1n the state diagrams follows the conventions of 21:5. Transitions shown without source
states are evaluated continuously and take immediate precedence over all other conditions.

23.2.4.1 PCS state diagram constants

Register tsr may take on any of the nine constant values listed below (sosa through eop5, bad. code, and
zero_code). These values are used to describe the functional operation of the coding process.

NOTE—Implementors are under no obligation to. implement these constants in-any particular way. For example, some
implementors may' choose to implement these codes as special flag bits attached to- MII TXD nibble registers. Other
implemeénitors may choose to implement insertion of thése codes on the downstream side of the coder function; using

precoded 6T sequences.

This is an Archive IEEE Standard. [t has been superseded by a later version of this standgrd.
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All 6T code words are sent leftmost ternary symbol first.

sosa A constant that encodesto: [ 1 =1 1 =11 =1].
sosb A constant thatencodes to: [ 1--1 1 —=1:=1 1]
eopl A constant that encodes to: [ 1 L1011 1)
cop2 A constant thatencodesto: [ -1 -1 -1 1 -1 -1].
cop3 A constant thatencodes to: [~ 1 1 =1.=1 0 0]
eopd A constant that encodeés to: [ =1 =1..=1 =1 =1 =1].
cops A constant that encodesto: [ =1 =1 .0 0 -0 0]
bad code A ¢onstant that encodesto: [ =1 =1 =1 1 1 1]
zero code A-constant thatencodesto: [ 0 -0 0 0.0 0]

23.2.4.2 PCS state diagram variables

codeword. error

Indicates reception of invalid 6T code group.

Values: ON and OFF

Set by: PCS Receive; error-detecting tules
dcbalance etror

Indicates reception of d¢ coding violation.

Values: ONand OFF

Set by: PCS Receive; error-detecting rules

cop
Indicates reception of copl.

A state variable set by the decoding operation. Reset to OFF when in PCS Receive state
AWAITING INPUT. When the decoder detects eopl on any pair, it sets this flag ON. The timing
of eopshall be adjusted such that the last nibble of the last decoded data octet in a packetis the last
nibble sent across the MII by the PMA Receive state diagram with RX_ DV set ON.

Values: ON and OFF
Set by: PCS Receive; error-detecting tules
€op_error
Indicates reception of data with improper end-of-packet coding.
Values: ONand OFF
Set by: PCS Receive; error-detecting rules

This is argfrchive IEEE Standard. It has been superseded by a later version of this standard.
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ih2, ih4, and ih3 (input holding registers)

A set of holding registers used for the purpose of holding decoded :data octets in preparation for
sending across the MII one nibble at a time. One register is provided for each of the three receive
pairs RX_ D2, BI D4, and BI D3, respectively.

Value: octet
Set by: PCS Receive

Each time the PCS Receive function decodes a 6T code group, it loads the result (an octet) into
ong of the ih2-4 registers. These three registers are:loaded in round-robin fashion, one register
being loaded every two ternary symbol times.

The PCS Receive state diagram reads nibbles as needed from the ih2-4 registers and stuffs them
into RXD.
ohrl, ohr3, and-ohr4 (output holding registers)

(See figure 23-7.) A set of shift registers used for the purpose of transferring coded 6T ternary
symbol groups one ternary symbol ata time into the PMA. One register is provided foreach of the
three transmit pairs: TX D1, BI D3, and BI_D4, respectively.

Valuge: 6T codc group. Each of the six cclls holds onc ternary symbol (i.c.; -1, 0,01 1).
Sct by: PCS Transmit

Each time the PCS Transmit function encodes a data octet, it loads the result (a 6T code group)
into one of the'ohr registers. Three registers are loaded in round-robin fashion, one register being
loaded every two ternary symbol times. The PCS shall transmit octets on the three transmit pairs
in round-robin fashion, in the order TX D1, BI D3, and BI D4, starting with TX D1.

The PMA_ UNITDATA request (DATA) message picks the least signilicant (rightmost) (erary
symbol from cachohrregister and sends it to the PMA, as shown below. (Note that 6T code words
inannex 23A are listed with Isb on the left, not the right.)

tx_code_vector[TX D1]=the LSB of ohrl, also called ohrl[0]
tx_code_vector[BL D3] = the LSB of ohr3, also called ohr3[0]
tx_code vector[BI_D4]=the LSB of ohr4; also called ohr4[0]

Aftereach PMA UNITDATA request message, all three ohrregisters:shift right by oné ternary

symbol, shifting in zero from the left. The PCS Transmit function loads a new 6T code group into
each ohr immediately after the last ternary symbol of the previous group is shifted out.

At the beginning of a preamble; the PCS Transmit function-loads the same valug (sosa) into all
three output holding registers; which causes alternating transitions to immediately appeat on all
three output pairs. The result on pairs B D3 and BI D4 is depicted by code words P3 and P4 in
figure 23-6.

pes: resel
Causes resel ol all PCS [unctions when ON.
Values: ONand OFF
Set by PCS Reset

This is an Archive IEEE Standard. It has been superseded by a later version of this standgyd.
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X €IS
A latched asynchronous variable. Timing for the MII'signal CRS is derived from 1x cts.
Values: ONand OFF
Set ON-when: - -carrier status ¢changes t0'ON

Set OFF when . either of two events occurs:
catrier_status changes to OFF; or
detection of eopl, propetly framed, on-any of the lines RX D2, Bl D4, or
BI D3

Additionally, if, 20 ternary symbol times after rx_c¢ts falls, carrier status remains set to ON then
sel1x. c1s=ON.

NOTE—A special circuit for the detection of eopl and subsequent de-assertion of rx_crs; faster than the full
8B6T decoding circuits, is generally required. to-meet the timing requirenients for CRS listed in clause
23.11.

tsr (transmit shift register)

(See figure 23-7.) A shift register defined for the purpose of assembling nibbles from the MIT TXD
into octets.

Values: The variable tsralways contains both the current nibble of TXD and the previous
nibble of TXD. Valid values for tst therefore include all octets. Register tsr may
also take on any of the nine constant values listed in23.2.4.1.

Nibble order: When encoding the tst octet, the previous TXD nibble is considered the least
significant nibble.

Set by PCS Transmit

During the first 16 TX CLK cycles after TX: ENis asserted, tst shall assume the following values
in sequence regardless.of TXD: 5084, 5054, S08a; S08a, S0S4; 508a,5054a, §08a, S0SA, $052, S08b; S0sb,
sosb, sosb, sosb; sosb. This action substitutes the 100BASE-T4 preamble for the clause 4 MAC
preamble. The PCS Transmit state diagram samples the tsr only every other clock, which reduces
the number of sosa and sosb constants actually coded to 5 and 3, respectively.

During the first 10 TX CLK cycles after TX EN is de-asserted, tsr shall assume the following
values in sequence; regardless of TXD: eopl, eopl, eop2, eop2, cop3, eop3, copd, eop4; eopS,
cop5. This-action appends: the 100BASE-T4 end-of-packet delimiter to each pair. The PCS
Transmit state diagram samples the tsronly every other clock, which reduces the number of eopl-
5 constants actually coded to 1 each.

Except for the first 16 TX. CLK cycles after TX EN is asserted, any time TX ERand TX EN are
asserted, tsr shall assume the value bad: code with such timing as to-cause both nibbles of the
affected octet to be encoded as bad: code. If TX ER is asserted at any time during the first 16
TX CLK cycles after TX _EN is asserted, tsr shall during the 17th and 18th clock cycles assume
the value bad code.

If TX EN isde-asserted on-an odd nibble boundary, the PCS shall extend TX_EN by one
TX_ CLK ¢ycle, and behave as if TX ER were asserted during that additional cycle:

Except for the first 10 TX CLK cycles after TX_EN is de-asserted, any time TX: EN is not
asserted, tsr shall-assume: the value zero: code:

This is arvgrchive IEEE Standard. It has been superseded by a later version of this standard.
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tx extend

A latched, asynchronous state variable used to extend the TX EN sighal long ¢nough to ensure
complete transmission of all nonizero ternary symbols in eopl-5.

Values: ON and OFF

Set ON upon: - rising edge of TX EN

Set OFF upon - either of two conditions:
a) In the event of a collision (COL is-asserted at any time during transmission)
set tx extend=OFF when TX_ EN de-asseits.
b) In the event of no collision (COL remains de-asserted throughout

transmission) set tx extend=0OFF upon completion of transmission of last
ternary symbol in cop4-

NOTES

1—The 6T code group eop5 has four zeroes at the end. The 6T code group eop4 contains the last nonzero
ternary symbol to be transmitted.

2—The effect of a collision; if present; is-to truncate the frame at the original boundary determined. by
TX_EN. Noncolliding frames are extended, while colliding frames are not.

23.2.4.3 PCS state diagram timer

twl timer
A continuous free-running timer.
Values: The condition twl_timer done goes true when the timer expires.

Restart when: - Immediately afterexpiration (restarting the timer resets-condition
twl timer done):

Duration: 40 ns nominal.

TX CLK shall be generated synchronous to twl timer (see tolerance required for TX CLK in
23.5.1.2.10).

On every occurrence of twl_timer dong; the state diagram advances by one block. The message
PMA. UNITDATA request is issued concurrent with'twl_timer._ done.

23.2.4.4 PCS state diagram functions

encode()
The encode operation-of 23.2:1.2.
Argument: octet
Returns: 6T code group
decode()
The decode operation 0f 23.2.1.3.
Argumcnt: 6T codc group
Returns: octet

This is an Archive |IEEE Standard. It has been superseded by a later version of this standgrd.
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Mil (25 MHz clock)

I

current MS nibble
nibble .
8 bit
data word + flags 8B6T 6T parallel load
coder *
previous | | s nibble ont ohr1[0]
nibble
2T £

5083 ’ﬁ X_code_vector
sosb spedcial GLR ohr3 takes Isb
eop1 constants > ofr from each
eop2 6T ohr
eop3 clearohr3 & 4 " 4l
eop4 duringcollisions | GLR .. O™

eopS
b ohr4[0]

—_——Pp
bad..code msb |
|4‘——_ tsr —‘P‘ L‘ ohr1,3and 4 4"

Special constants used by TSR Loading sequence for registers OHR1, 3, & 4

start of packet sosa,.sosb parallel load - ohr1 A e e T

end of packet eop1-5 parallelload ohr3 ——f vy o [

TX_ER =1 bad_code parallel load ohrd | |

TX_EN =0 zero._code _’1 I‘_
TX_CLKperiod

Figure 23-7—PCS Transmit reference diagram

This is angérchive IEEE Standard. It has been superseded by a later version of this standard.
RUCKUS Ex 1007-pg. 113


3djc
Sticky Note
None set by 3djc

3djc
Sticky Note
MigrationNone set by 3djc

3djc
Sticky Note
Unmarked set by 3djc


EEE
CSMALD St B2 3u-1005

23.2.4.5 PLS siate diagrams

Thee 838 TX_CLK s geweraied
SWATTING DIATA TG TRANSINT s peast = ON synrhronously willt the bansiions of
e of this state diagram.

B _toile_werhy - HMLE
PRAS LIMITDATA reqquestiiy_code_veclon

Seg dedinilions of

; POS siale variahies s
- % sdendd = k242
txmemgm} ={3* zwgmtg“eymcme * twt pver done *
¥ COLLETT NIBBLE GMNsh

COLLECT IS8T KIBRLE

shir vight sy, ot arel g

£, todie_ el « HRE b_rome verty o {ohr D) ohr3ioy, ot Bl
PRIS LINITDATA requasiiiz_oode_weclon PrLA UNITDATA requestits_smie verks)

twi_timer_gone
twt_twrer_gone

9 Y
COLLECT MIBBLE 2, CODE 157 oclel COLLECT MIBBLE SH4S
{First Dotat alnays COUES b 5058} shift 5ght ohrt and nirR
o e RS s old o 5088 LI o ERCOdR 18y}
i _code weolor < {ohr 10, obrifll), obetil) 1%_coddi veelnr s (b D), cdu D), ohetl
PRIA_UMITOATA requestils_codss_vactor FR48_UINITDATA requesiiix_cnde_veclor)

i limer dime Wi timer_dons

¥ k4 %
QULLECT RIBELE 6b+3 CIMLECT NIBBLE 887
shift rigrt o, ohrd and ohwd shuft sight obirs, ohwd and ohed
_code_vector = (ot HEY, chraly, ohes{on tx_cnde Nesiof « (ohe BB, Ol stedfily
PR LERTOATA sequest(_code_ vector) PRA_LHETIATA requestie_nore vertorn)

twh_timer_dione il tmey done

k4 3
CLLLECT MIBELE 6Nv4 DOLLEDTY MIBRLE B
shif vight obrt amd ofwd
ahrd = snende] by
R oode ek o {obwl [, ol ohrsih
Pias_UMTRATA rpesiits ooue vertors

e

i fener dine

shiff vighd phe and ohrd
ONF1 = pRCuidel IS }
I pode weddor « (ol DL ohe3i0] ohwdfOR
PR LNITDATA requesiii_code_weclor)

el iner_dors

Figure 23-8—PCE Transmit state diagram
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See definitions: of

pcs: reset="0ON PCS state variables in

23.2:4.2.
(carrier:.status = OFF) *((RX_DV="1)
£ eop=0ON
AWAITING INPUT l
RX_ DV« 0;RXD<3:0><:0000; €op < OFF
INSERT RX_ER
rx.code_ vector = I:?ATA RX DVe1; RX_ER &1
* PMA_UNITDATA indicate v
COLLECT 1ST TERNARY SYMBOL PMA_UNITDATA.indicate
RX_DV:=0;- RXD<3:05« 0000 v
PMA, UNITDATA.indicate AWAITING IDLE
v RX_DV.< 0; RXD<3:0>.« 0000
COLLECT 2ND TERNARY SYMBOL
V. 0" 0 500 (rx_code_vector = |DLE)
RX_DV &= 0;. RXD=3:0> &0 + (i%_codé. véctor = PREAMBLE)

PMA__UNITDATA.indicate

h 4
COLLECT 3RD TERNARY SYMBOL

RX_DV<0; RXD<3:0>< 0000

PMA_UNITDATA.indicate

A 4 A
COLLECT-4TH TERNARY SYMBOL DECODE CHANNEL 2
RXD<0:3> < SFD:LO ih2 = decode(RX_D2[0:5])
RX DV e 1 RXD<0:3>«< ih2:LO
— RX_.DV:1

MA_UNI ridicat
PMA_UNITDATA.indicate PMA_UNITDATA indicaté

A 4 v
COLLECT 5TH TERNARY SYMBOL GET (6N+5)TH SYMBOL.CHANNEL 4
RXD<0:3> = SFD:HI RXD<0:3>"« ih2:HI
RX_DV e 1 RX DV 1

PMA_UNITDATA indicate PMA_ UNITDATA.indicate

v
v
DECODE CHANNEL 3 DECODE CHANNEL -4
— ih3 « decode(BI_D3[0:5]) ih4. < decode(BIl_D4[0:5])
RXD<0:35 «ih3:LO RXD<0:3> < ih4:LO
RX_DV &1 RX.DV &1
PMA UNITDATA:indicate PMA:.UNITDATA:indicate
A
GET (6N+5)TH SYMBOL CHANNEL 3
GET (6N+5)TH SYMBOL CHANNEL 2
RXD<0:35 « ih3:HI RXD<0:35 i« ih4:HI
: ) RX_ DV 1
RX. DV <1
PMA.UNITDATA indicate PMA_UNITDATA indicate

Figure 23-9—PCS: Receive state diagram
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pcs. reset="0ON

!

NO ERROR
de-assert RX_ER

codeword_error = ON

+dc. balance_error = ON
+eop_error==0N

y

PCS ERROR
assert RX_ER
rxerror_status'= ERROR codeword_error = OFF
* carrier_status = ON *dc._balance_error= OFF
y *eop_error = OFF
PMA ERROR

assert RX_ER

carrier_status = OFF
A 4

See timing requirements in 23.2.1.4.

Figure 23-10—PCS Error Sense state diagram

23.2.5 PCS electrical specifications

The interface between PCS:and PMA is an abstract message-passing interface, having no specified electrical
propetties.

Electrical characteristics of the signals passing between the PCS and MII may be found in clause 22.

23.3 PMA service interface

This ¢clause specifies the services provided by the PMA to either the PCS or a Repeater client. These services
are described in an:abstract manner and do not imply any patticular implementation.

The PMA Service Interface suppotts the exchange of code vectors between the PMA and ‘its client (either
the PCS or a Repeater). The PMA also generates status indications for use by the client.

The following primitives are defined:

PMA _ TYPE.indicate

PMA UNITDATA request
PMA UNITDATA indicate
PMA CARRIER.indicate
PMA LINK:indicate
PMA_LINK request

PMA: RXFRROR.indicate

This is an Archive IEEE Standard. It has been superseded by a later version of this standgyd.
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23.31 PMA_TYPE.indicate
This primitive is generated by the PMA to indicate the nature.of the PMA instantiation. ‘The purpose of this

primitive is to allow cliénts to support connections to the various types of 100BASE-T PMA entities in:a
generalized manner.

23.3.1.1 Semantics of the service primitive
PMA TYPE.indicate (pma_ type)
The pma_type parameter for use with the 100BASE-T4 PMA is T4.
23.3.1.2When generated
The PMA shall continuously generate this primitive to indicate the value of pma type:
23.3.1.3 Effect of receipt

The client - uses the value of pma: type to define the semantics of the PMA_ UNITDATA request -and
PMA UNITDATA.indicate primitives.

23.3.2 PMA_UNITDATA.request

This primitive defines the transfer of data (in the form of tx code vector parameters) from the PCS or
repeater to the PMA.

23.3.2.1 Semantics of the service primitive

PMA: UNITDATA request (tx code_vector)

When transmitting data using 100BASE-T# signalinig; the PMA- UNITDATA request conveys to the PMA
simultaneously the logical output value for each of the three transmit paits TX D1, BI_D3; and B D4. The
value of tx code vectorduring data transmission is therefore a three-¢lement vector, with-one element cor-
responding to each output pair. Each of the three elements of the tx- code vector may take on one of three
logical values: 1, 0, or —1, corresponding to the three ternary possibilities +, 0, and - listed for each ternary
symbol‘in the 8B6T code table (see annex 23A).

Between packets, the 100BASE-T4 PMA: layer sends the 100BASE-T4 idle signal, TP IDL 100. The PCS
informs the PMA: layer that it is between packets, thus enabling the PMA idle signal, by sctting the
tx_code vector parameter to IDLE.

Forpma_type 100BASE-T4, the tk code vector parameter can take on ¢ither of two forms:

IDLE A single value indicating to the PMA that there is no data to convey. The PMA generates
link integrity pulses durmg the time that tx ‘code. vector=IDLE.

DATA Avector of three ternary symbols, one for each of the three transmit pairs TX D1, BI D3,
and BI D4 The ternary symbol for each pair may take on one of three values, 1, 0, or —1.

The ternary symbols comprising: tx code vector, when they are conveyed using the DATA: format, are
called, according to the  pair ~on which ¢ach will be transmitted, < tx code vector[BI D4],
tx_code vector[TX. D1], and tx_code_vector[BL D3].

This is am#gchive IEEE Standard. It has been superseded by a later version of this standard.
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23.3.2.2When generated

The PCS or Repeater client generates PMA UNITDATA.request synchronous with every MII TX CLK.

For the purposes of state diagram descriptions; it may be assumed that at the time PMA_UNITDATA request
is generated, the MII signals TX_EN, and TX: ER, and TXD instantly become valid and that they retain their
values until the next PMA: UNITDATA: request.

In the state diagrams, PMA: UNITDATA request is assumed to occur at the conclusion of each tw1 wait
function.

23.3.2.3 Effect of receipt
Upon receipt of this primitive, the PMA transmits the indicated ternary symbols on the MDI.
23.3.3 PMA_UNITDATA.indicate

This primitive defines the transfer of data (in the form of rx code vector parameters) from the PMA to-the
PCS or repeater during the time that link status=OK.

23.3.3.1 Semantics of the service primitive

PMA . UNITDATA indicate (rx code_vector)

When receiving data using 100BASE-T4 signaling, the PMA - UNITDATA.indicate conveys to the PCS
simultaneously: the' logical input value for each of the three receive pairs RX D2, BI D4, and Bl D3. The
value of tx_code vector during data reception is therefore a three<lement vector, with one element corre-
sponding to each input pair. Each of the three elements of the tx code: vector may take on one-of three logi-
cal values: 1, 0, or =1, cortesponding to the three ternary possibilities +, 0, and . - listed for each ternary
symbol in the 8B6T code table (see annex 23A).

Between packets, the 1x; code vector is sct:by the PMA: to the valuc IDLE:
From the time the PMA asserts carrierstatus=ON until the PMA recognizes. the SSD pattern (not all of the
pattern need be received in order for the PMA to recognize the pattern), the PMA sets rx_code vector to the

value PREAMBLE.

For pma_ type 100BASE-T4, the rx_code vector parameter can take on any of three forms:

IDLE A single value indicating that the PMA has no data to convey.

PREAMBLE ' A single value indicating that the PMA has detected carrier, but has not received a valid
SSD.

DATA Avector of three ternary symbols, one for each of the three receive paits RX D2, BI D3,

and BI D4. The ternatry symbol for each pair may take on-one of three values; 1, 0; or=L.
The ternary symbols comprising rx code vector, when they are conveyed using the’ DATA format, are
called, -according - to the ~pair- upon which each symbol ~was received, rx _code vector[BI D3],
rx code vector|RX D2], and rx code_vector[BL D4
23.3.3.2When generated

The PMA shall gencrate PMA UNITDATA:indicate (DATA) messages synchronous with data reccived. at
the MDI.

This is an Archive IEEE Standard. It has been superseded by a later version of this stanggrd.
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23.3.3.3 Effect of receipt

The effect of receipt of this primitive is unspecified.

23.3.4 PMA_CARRIER.indicate

This-primitive is generated by the PMA to indicate the status of the signal being received from the MDI. The
purpose of this primitive is to give the PCS or repeater client the carliest reliable indication of activity on the
underlying medium.

23.3.4.1 Semantics of the service primitive

PMA. .CARRIER indicate (cartier status)

The carrier: status paraméter can take on one of two values: OFF or ON, indicating whether the incoming
signal should be interpreted as being between packets (OFF) or as-a packet in progress (ON).

23.3.4.2 When generated
The PMA shall generate this primitive to indicate the value of carrier_ status.
23.3.4.3 Effect of receipt
The effect of receipt of this: primitive is unspecified.
23.3.5 PMA_LINK.indicate
This primitive is generated by the PMA to indicate the status of the underlying medium. The purpose of this
primitive is to give the PCS or repeater client or Auto-Negotiation algorithm a means of determining the
validity ‘of received code elements.
23.3.5.1 Semantics of the service primitive
PMA LINK:indicate (link status)

The link: status parameter can take on one of three values: FAIL, READY, or OK:

FAIL The link integrity function does not detect a valid 100BASE-T4 link.

READY The link integrity function detects a valid 100BASE-T4 link, but has not been ¢nabled by
Auto-Negotiation.

OK The 100BASE-T4 link integrity function detects a valid 100BASE-T4 link, arid has been

enabled by Auto-Negotiation.
23.3.5.2When generated

The PMA shall generate this primitive to indicate the value of link status.

23.3.5.3 Effect of receipt

The effect of receipt of this primitive isunspecified.

This is améychive IEEE Standard. It has been superseded by a later version of this standard.
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23.3.6 PMA_LINK.request

This primitive is generated by the Auto-Negotiation algorithm. The purpose of this primitive is to allow the
AutoNegotiation algorithm to enable and disable operation of the PHY.

23.3.6.1 Semantics of the service primitive
PMA. LINK request (link: control)

The link control parameter can take on one of three values: SCAN FOR CARRIER, DISABLE, or
ENABLE.

SCAN_FOR_CARRIER. : Used by the Auto-Negotiation algorithm prior to receiving any fast link
pulses. During this mode the PHY ‘reports link  status=READY- if it
recognizes 100BASE-T4 carrier from tlie far end, but no other actions are
enabled.

DISABLE Used by the Auto-Negotiation algorithm to disable PHY processing in
the event fast link pulses-are detected. This gives the Auto-Negotiation
algorithm a chance to determine how to configure the link.

ENABLE Used by Auto-Negotiation to turn control:over to the PHY for data

processing functions. This is the default mode if Auto-Negotiation is not
present:

23.3.6.2 Default value of parameter link_control

Upon power-oi1, teset, or release from power-down, the link control parameter shall revert to ENABLE. Tf
the optional Auto-Negotiation algorithm is not implemented, no PMA LINK request message will arrive
and the PHY will operate indefinitely with link control=ENABLE.

23.3.6.3When generated

The Auto-Negotiation algorithm generates this primitive to indicate to the PHY how to behave:

Upon power-on, reset, ot release from power down, the Auto-Negotiation algorithm, if present, issues the
message PMA LINK request (SCAN_FOR. CARRIER).

23.3.6.4 Effect of receipt

Whenever link: control=SCAN_FOR. CARRIER, the PHY shall enable the Link Integrity state diagram, but
block passage into the statc LINK PASS, ‘whil¢ liolding rcv=DISABLE, and xmit=DISABLE. While
link control=SCAN. FOR_CARRIER, the PHY 'shall report link statussREADY if it - fecognizes
100BASE-T4 link integrity pulses coming from the far end, otherwise it reports link status=FAIL.

Whenever link: conttol=DISABLE, the PHY shall report link status=FAIL and hold the Link Integrity state
diagram in the RESET state, while holdimg rev=disable and xmit=DISABLE.

While link control=ENABLE, the PHY shall allow the Link Integrity function to determine if the link is
available and, if so, set tcv=ENABLE and xmit=ENABLE.

This is an Archive IEEE Standard. It has been superseded by a later version of this stanggrd.
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23.3.7 PMA_RXERROR.indicate
The primitive is generated in the PMA: by the PMA:Align function to indicate the status: of the signal being

received from the MDI. The purpose of this primitive is to- give the PCS or repeater client an indi¢ation of a
PMA detectable receive error

23.3.7.1 Semantics of the service primitive
PMA. RXERROR indicate (rxerror status)

The rxerrorstatus paraméter can take on one of two values: ERROR or NO- ERROR,; indicating whether the
incoming signal contains a detectable error (ERROR) or not (NO. ERROR).

23.3.7.2When generated

The PMA shall generate: this primitive to indicate whether or not each incoming packet contains a PMA
detectable error (23.2.1.4).

23.3.7.3 Effect of receipt

The effect of receipt of this primitive is unspecified.

23.4 PMA functional specifications

The PMA couples messages from a PMA: service interface (23.3) to the 100BASE-T4 baseband medium
(23.6).

The interface between PCS and the baseband medium is the:- Medium Dependent Interface (MDI); specified
in23.7.

23.41 PMA functions

The PMA sublayer comprises one: PMA Resel funclion and six-sitmillancous and asynchronous operating
functions. The PMA operating functions are PMA Transmit, PMA Receive, PMA Carrier Sense, Link Integ=
rity, PMA Align, and Clock Recovery. All operating functions are started immediately after the successful
completion of the PMA Reset function. When the PMA is used in conjunction with a PCS; the RESET func-
tion may be shared between layers.

The PMA reference diagram, figure 23-11; shows how the operating functions relate to the messages of the
PMA Service interface and the signals of the MDI. ‘Connections from the management interface, comprising
the signals MDC and MDIO, to other layers are pervasive; and ate not shown in figure 23-11. The Manage-
ment Interface and its functions are specified in clause 22.

23.4.1.1 PMA Reset function

The PMA Reset function shall be executed any time €ither of two conditions occur. These two conditions are
power-on and the receipt of a reset request from the nmianagement entity. The PMA Reset function initializes
all PMA functions. The PMA Reset function sets pma__reset <= ON for the duration:of its reset function. All

state diagrams take the open-ended pma_reset branch upon execution of the PMA Reset function. The refer-
ence diagrams do not explicitly show the PMA Reset function.

This is amggchive IEEE Standard. It has been superseded by a later version of this standard.
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Figure 23-11—PMA reference diagram

23.4.1.2 PMA Transmit function

Except as provided for in the next paragraph, whenever (ty_code vector=DATA pdpms_camer=0FF), the
PRIA shell tonsmnt unte the MDY wepamry svmbols on pairs TX DI, BL D3, and BI D4 equdd o

pontinue deing so wtl i code vector=TDLE.

NOTE~This shuts off the trunsmittiers o chosesds BL D3 and Bl DM, and keeps them off, m the svent of 5 collistom.
Shutting off the raouniiters prevents pverlead and saturation of the tassmitters, and also reduces the amount of near-
end erosatalth preso wihdhe momtoring fir the wud of carrier,

Whenever tx_code veclor=IDLE, an idle signal shall be nsesited on pair TX D1 and silence op paws
BI D3 and BL M. The idle stgnal comsists of perinds of silerce {thnes where the Qifferential ougpmt voltage
rerpains at U wmV ok 50 mVy broken by the tausmission of hak integrity test pulses,

The I0DBASE-T4 idle signal s similar to the 1DBASE-T idle signal, but with 100BASE-T4 ternary signal
fevels and a faster repetiion rate, The OOBASE-T4 idle signal is called TP_IDE 100, The TP_IDL 100
signal shall be g repesting sequence formed from one 1.2 ms = 0.5 ms peviod of silence (e time where the
differential voltage remams at 0wV & 30 1wV} and one Hok test pulse. Eack link test pulse shall be g succes«
ston of two ternary symbels having logical values of ~1 and 1 tanspitted on pate TX, D using C8-1 and
U581 as defined in 23.4.3.1, Following s packet, the TP DL 100 shall start with 1 pertod of silence,
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Transmission of TP_IDL: 100 may be terminated at any time with respect to-the link test pulse. It shall be
terminated such that ternary symbols of the subsequent packet are not corrupted, and atre not delayed any
more than is specified in 23.11.

For any link test pulse occurring within 20 ternary symbol times of the beginning of a preamble; the zero
crossing jitter(as defined in 23.5.1.2.5) of the link test pulse when measured along with the zero crossings of
the preamble shall be less than 4-1is p-p.

NOTE—The above condition allows: clock recovery implementations that optionally begin fast-lock sequences on-part
of a link integrity pulse to-properly acquire lock oiia subsequent preamble sequence.

Regardless of other considerations, when the transmitter is disabled (xmit=DISABLE), the PMA Transmit
function shall transmit the: TP_IDL. 100 signal.

23.41.3 PMA Receive function

PMA Receive contains the circuits necessaty to convert physically encoded ternary symbols from the physi-
cal MDI receive pairs (RX_D2, BL. D3 and BI D#) into a logical format suitable for the PMA Align func-
tion. Each receive pair has its own dedicated PMA Receive circuitry.

The PHY shall receive the signals on the receive pairs (RX D2, Bl D3, and Bl _D4) and translate them into
one of the PMA UNITDATA indicate parameters IDLE, PREAMBLE, or DATA with a ternary symbol
error rate of less than one part in 103,

If both. pma_carricr=ON and tx code vector=DATA, the value of rx code: vector is unspecified until
pma._carrier=OFF.

23.4.1.4 PMA Carrier Sense function

The PMA Carrier Sense function shall set pma_carrier=ON upon reception of the following pattern on pair
RX D2 at the receiving MDI, as measured using a- 100BASE-T4 transmit test filter (23.5.1.2.3):

Any signal greater than 467 mV, followed by any signal 1¢ss than—225 mV, followed by any signal greater
than 467 mV, all three events occutring within 2 ternary symbol times.

The operation of carrier sense is undefined for sighal amplitudes greater than 4.5 V.
See 23.5.1.3.2 for a list of signals defined 7ot to set pma_carrier=ON.

After asserting pma_carriecr=ON, PMA Carrier Sense: shall set-pma_ carrier=OFF upon receiving either of
these conditions:

a) Seven consecutive ternary symbols.of value CS0 on pair RX. D2.

b) = (tx code vector=DATA) has not been true at any time since pma. carrier was asserted, and the 6T
code group copl has been received, properly framed, on any of the lines RX D2, BI D4, o1 Bl D3,
and enough time has passed to assure passage of all ternary symbols of cop4 across the PMA service
interface.

NOTE—Designers may wish to take advantage of the fact that the minimumi received packet fragiment will include at
least 24 ternary symbols of data onpair RX.D2. Therefore, once carrier is activated, it 18 not nécessary to begin seatch=
ing for 'seven-consecutive zeroes until after the 24th ternary ‘svinbol has been received. During the time that the first 24
terary symbols arc being reecived; the near-end crosstalk from pairs BL D3 and BL D4, which are switched off during
collisions, decays substantially.

While rcv=ENABLE, the PMA CARRIER function shall set carrier status = pma. carticr.

This is anggchive IEEE Standard. It has been superseded by a later version of this standard.
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While rev TENABLE, the PMA CARRIER function shall set carrier status = OFF,
This function operates independently of the Link Integrity function.

23.4.1.5 Link Integrity function

Link Integrity provides the ability to protect the netwotrk from the consequences of failure of the simplex
link attached to RX D2. While such a failure is present, transfer of data by the Transmit and Receive func-
tions is disabled.

Link Integrity observes the incoming wire: pair; RX D2, to determine whether the device connected to the
far end is of type 100BASE-T4. Based on its observations, Link Integrity sets two important internal vari-
ables:

a) - pma_lype  ‘variable is sel-lo 100BASE-T4.
b) - link status variable is a parameter sent across the PMA Service interface:

The Link Integrity function shall comply with the state diagram of figure 23-12.

Four conditions gate the progression of states toward LINK PASS: (1) reception of at least 31 link integrity
test pulses; (2) reception of at least: 96 more link integrity test pulses; or reception of carrier; (3) cessation of
carrier, if it was present; ‘(4) detection of equals link control ENABLE.

While the PMA ‘is: not in the LINK PASS state, the Link Integrity function sets rev=DISABLE and
xmit=DISABLE; thus disabling the bit transfer of the Transmit and Receive functions.

If avisible indicator is provided on the PHY to indicate the link status; it is: recommended that the color be
green and that the indicator be labeled appropriately. It is further recommended that the indicator be on when
the PHY is in the LINK. PASS state and off otherwise.

23.4.1.6 PMA Align function

The PMA Align function aceepts received ternary symbols from the PMA: Receive function; along with
pma_carrier. PMA Align is responsible for realigning the received ternary symbols to eliminate the effects of
unequal. pair propagation time, commonly called. pair skew. PMA Align also looks for the SSD: pattern to
determine the proper alignment of 6T code groups, and then forwards PMA UNITDATA indicate (DATA)
messages to the PCS. The SSD-pattern includes referencing patterns oneach of the three receive lines that
may be used to establish the proper relationship of réceived ternary symbols (sce figure 23-6).

NOTE—The skew between lines is not expected. to change measurably from packet to packet.

At the beginning of each received frame, the PMA Carrier Sense function asserts pma_ carricr=ON. During the
preamble; the Clock Recovery function begins synchronizing its receive clock. Until clock is synchronized,
data coming from the low-level PMA Receive function is meaningless. The PMA Align function is responsible
for waiting for the receiver clock to stabilize and then properly recognizing the I00BASE-T4 coded SSD pat-
tern. The: PMA: Align function shall send PMA_UNITDATA. indicate (PREAMBLE) messages to the PCS
from the time pma_carrier=ON is asserted until the PMA is ready to transfer the first PMA. UNITDATA indi-
cate. (DATA) - message. Once the PMA Align: function locates a SSD pattern,. ‘it begins ‘forwarding
PMA. UNITDATA. indicate (DATA) messages to the PCS; starting with the first ternaty symbol of the first data
word. on pair Bl D3, as defined in figure:23-6. This first PMA: UNITDATA indicate (DATA) message shall
transfer the following ternary synibols, as specified in the frame structure diagram, figure 23-6:

rx ¢ode vector|BL D3]first ternary symbol of first data code group
rx_code_vector[RX D2]second ternaty symbol prior to start of second data code group

This is an Archive IEEE Standard. It has been superseded by a later version of this stangigrd.
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rx_code vector[BL _D4[fourth ternary symbol priot to statt of third data-code group

PMA Align shall continue sending PMA UNITDATA indicate (DATA) messages until. pma_carrier=OFF.
While pma_ carrier=OFF, PMA Align shall emit PMA_UNITDATA indicate (IDLE) messages.

If no valid SSD pattern is recognized within 22 ternary symbol times of the assertion of pma carriecr=ON,
the PMA Align function shall set rxerror status=ERROR. The PMA: Align function is permitted to begin
sending PMA UNITDATA .indicate (DATA) messages upon receipt of a partially recognized SSD: pattern,
but it is required to set rxerror_status=ERROR: if the complete SSD does not match perfectly the expected
ternaty symbol sequence. Rxerror_status shall be reset to NO . ERROR when pma: catrict=OFF,

The PMA Align function is permitted to use the first received packet of ‘at least minimum size after RESET
or the transition to LINK PASS to learn the nominal skew between pairs, adjust its equalizer, or perform any
other initiation - functions. ~During - this - first - packet, the PMA - Align - function shall “emit
PMA_ UNITDATA indicate. (PREAMBLE) messages, but. may optionally choose to never begin sending
PMA _UNITDATA indicate (DATA) messages.

The PMA Align function shall tolerate a maximum skew between any two pairs of 60 ns in either direction
without crror.

To protect the network: against the consequences of mistaken packet framing, the PMA Align function shall
detect the following error and. report it by sétting rxerror_status=ERROR - (optionally. those error patterns
already detected by codeword error, dc: balance_error, or cop. error do not also have to be detected by
rxerror. status): In a series of good packets, any one packet that has been corrupted with three or fewer ter-
nary symbols in ervor caising its sosb 61 code groups on ovie oF more pairs to appear in the wrong location.

Several approaches are available for meeting this requirement, including; but not limited to, ay comparing
the relative positions of sosb 6T code groups on successive packets; b) measuring the time between the first
preamble pulse and reception of sosb on each pair; ¢) counting the number of zero crossings from the begin-
ning of the preamble until sosb; and d) monitoring for exception strings like “ 117" and “~1-1-1" in ¢onjunc=
tion with one or'more of the above techniques.

Regardless of other considerations, when the receive function is disabled (rcv=DISABLE), the PMA Align
function shall-emit PMA_UNITDATA. indicate (IDLE) messages and no others.

23.4.1.7 Clock Recovery function

The Clock Recovery function couples to all three receive pairs. It provides a synchronous clock for sampling
each pair. While it may not drive the MI1 directly, the Clock Recovery function is the underlying root source
of RX. CLK.

The Clock Recovery function shall provide a clock suitable for synchronously decoding ternary symbols on
each line within the bit error tolerance provided in 23.4.1.3. During each preamble, in order to properly rec-
ognize the frame delimiting pattern formed by code word sosb on each pair; the received clock signal must
be stable and ready for use in time to decode the following ternary symbols: the 16th ternary symbol of pair
RX D2, the 18th ternary symbol of pair BI D4, and the 14th ternary symbol of pair BL D3.

23.4.2 PMA interface messages
The messages between the PMA and PCS are defined above in 23.3;, PMA Service Interface. Communica=

tion between a repeater unit and PMA also uses the PMA Service Interface. Communication through the
MDI is summarized in tables 23-2 and 23-3.
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Table 23-2—MDI signals transmitted by the PHY
Signal Allowed pair Meaning

CS1 TX D1, A waveform that conveys the ternary symbol 1. Nominal
BL D3 voltage level +3.5V.
BI_D4

€S0 X D1, A waveform that conveys the ternary symbol 0.
BIL.D3 Nominal voltage level 0 V.
BI_D4

CS-1 TX D1, A waveform that conveys the ternary symbol —1.
BI.D3 Nominal voltage level =3.5 V.
BI. D4

TP IDI.. 100 TX DI Idle:signal.

Indicates transmitter 18 currently operating at 100 Mb/s.
Table 23-3—Signals received at the MDI
Signal Allowed pair Meaning

CS1 RX D2, A wavetorm that conveys the ternary symbol 1.
BI. D3 Nominal transmitted voltage level +3.5 V.
BL.D4

€S0 RX_D2, A waveform that conveys the ternary symbol 0.
BIL D3 Nominal transmitted voltage level 0°V.
BIL D4

CS-1 RX D2, A waveform that conveys the temary symbol —1.
BIL.D3 Nominal transmitted voltage level —3.5 V.
BL D4

TP-IDL,_.100 RX.-D2 Idle signal.

Indicates transmitter 1§ currently operating at 100-Mb/s.

TP IDL: 100 -is defined in 23:4.1.2. The waveforms used to convey CS1, €SO, and CS-1 are defined in

23.5.1.2.

TP_IDL 100 is defined in'23.4.1.2. The encodings for CS1, CS0, and CS-1 are defined in 23.5.1.2.

Re-timing of CS1, CS0, and CS-1 signals within the PMA is required.

23.4.3 PMA state diagrams

The notation used in the state diagrams follows the conventions of 21.5. Transitions shown without source
states are evaluated continuously and take immediate precedence over all other conditions.

23.4.3.1 PMA constants

A waveform that conveys the ternary symbol 0.
(S0 has a nominal voltage of 0 V. See 23.5.1.2.

A waveform that conveys the temary symbol 1.
CS1 has a nominal peak voltage of +3.5 V. See 23.5.1.2.

CSo

Valug:
CS1

Value:
CS-1

A waveform that conveys the ternary symbol —1.

This is an Archive IEEE Standard. It has been superseded by a later version of this stangigrd.
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Value: CS=1 has a'nominal peak voltage of —3.5 V. See 23.5.1.2.
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link 100_max

A-constant.

Value: Greater than 5.0 ms and less than 7.0 ms.

Used by link max_ timer to detect the absence of 100BASE-T4 link test pulses on pair RX D2.
link 100 min

A constant.

Value: Greater than 0.15 ms and less than 0.45 ms.

Used by cnt. link to detect link test pulses on pair RX D2 that are too close together to be valid
100BASE-T4 link test pulses:

23.4.3.2 State diagram variables

pma_ reset
Causes reset of all PCS functions.
Values: ON and OFF
Set by: PMA Reset
pma_carrier

Aversion of carrier status used internally by the PMA sublayer. The variable pma_ carriéralways
functions regardless of the link status. The valuce of pma carricr is passcd on through the PMA
service interface as carrier_status when rev=ENABLE. At other times, the passage of pma_carrier
information to the PMA service interface is blocked.

Values: ON, OFF
Set by: PMA CARRIER
(Y
Controls the flow of data from the PMA to PCS through the PMA UNITDATA indicate message.
Valuges: ENABLE (receive is enabled)
DISABLE (the PMA always sends PMA UNITDATA. indicate (IDLE), and
carrier status is sct to OFF)
xmil

Controls the flow of data from PCS to PMA through the PMA. UNITDATA.request nicssage.

Valuges: ENABLE (transmit is enabled)
DISABLE (the PMA interprets all PMA. UNITDATA request messages
as PMA UNITDATA request (IDLE). The PMA {ransmits no data; but
continues sending TP_IDL 100).

23.4.3.3 State diagram-timers

link: max: timer
A re~triggerable timer.
Values: The condition link max_ timer done goes truc when the timer expires,

Restart when: - Timer is restarted for its full duration by ¢very occurrence of cither a link test
pulse on pair RX D2 or the assertion of pma_carrier=ON (restarting the timer
resets-the condition link. max_timer_done).

Duration: link 100 max
Used by Link Integrity to detect the absence-of 100BASE-T# link test pulses on pait RX D2,

This is an Archive IEEE Standard. It has been superseded by a later version of this stanggrd.
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23.4.3.4 State diagram counters

cnt _link

SUPPLEMENT TO:802:3:

Counts number of 100BASE-T4 link test pulses (see 23.5.1.3.1) received on pair RX D2,

Values: nonnegative integers

Reset to zero: On ¢ither of two conditions;

a) While in any state other than LINK  PASS, reset counter to zero if successive
link test pulses are received within link 100 min.
b) While in any state, reset to zero if link. max_timerexpires.

While in the LINK. PASS state, ignore pulses received within link. 100_min-(i.e., do not'count

them).

23.4.3.5 Link Integrity state diagram

The Link Integrity state diagram is shown in figure 23-12.

(link_control ‘= DISABLE ) +:( pma_reset=ON)

¢ A 4

RESET

ent._link <=0
rov-< DISABLE
xmit-<= DISABLE
link_status < FAIL
pma_type < 100BASE-T4

UCT

WAIT 31

link_:status <= FAIL

v

LINK_FAIL_EXTEND

link_status < FAIL

P

link_max_timer_done

( pma_carrier = OFF")
* (tx_data_element = IDLE )
h 4

WAIT_FOR ENABLE

link_status < READY

link ‘¢ontrol = ENABLE

LINK_PASS

rev <= ENABLE
xmit << ENABLE
pma_type <= T4
link_ status.<=OK

d
ent_link =31 P !
link-max__timer_done link-_max_timer_done
y
LINK_FAIL
link_status: < FAIL

=l
Ll |

(ent_link =127')
+ (pma_carrier=-ON )

link:_max_timer_done

link_max__timer_done
+link_control=SCAN,; FOR - CARRIER

NOTE—The variables link control ‘and. link_status are designated as- link control [T4] and. link  status [T4],
respectively, by the Auto-Negotiation Arbitration state diagram (figure 28-16).

Figure 23-12—Link integrity state diagram
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23.5 PMA electrical specifications

This clause defines the electrical characteristics of the PHY at the MDI.

The ground reference point for all common-mode tests is the MIL ground circuit. Implementations without
an MII use the chassis ground. The values of all components in‘test circuits shall be accurate to within £1%
unless otherwise stated.

23.5.1 PMA-to-MDI interface characteristics
23.5.1.1 Isolation requirement

The PHY shall provide electrical isolation between the DTE, or repeater circuits including frame: ground,
and all MDI leads: This electrical separation shall withstand at.least one of the following electrical strength
tests:

a) 1500V rms at 50 Hz to 60 Hz for 60 s, applied as specified in subclause 5:3.2 of IEC 950: 1991.

b) 2250 Vdcfor60 s, applied as specified in subclause 5.3.2 of IEC:950: 1991.

¢) - Asequence of ten 2400 V impulses of alternating polarity; applied: at intervals of not less than 1's.
The shape of the impulses shall be 1.2/50 o«s (1.2 o virtual front time, 50 «s virtual time or half
value), as-defined in IEC 60.

There shall be no insulation breakdown, as defined in subclause 5.3.2 of IEC 950: 1991, during the test. The
resistance after the test shall be at least 2 M | ; measured at 500 Vdc.

23.5.1.2 Transmitter specifications

The PMA shall provide the Transmit function specified in 23.4.1.2 in accordance with the electrical specifi-
cations of this clause:

Where a load is not specified, the transmitter shall meet requirements of this clause when each transmit out=
put is connected to a differentially connected 100 | resistive load.

23.5.1.2.1 Peak differential output voltage

While repetitively transmitting the ternary sequence [0 0 10 0.0 00 =10 0 0] (leftmost ternary
symbol first), and while observing the differential transmitted output at the MDI, for any pairt, with no inter-
vening cable, the absolute value ‘of both positive and negative peaks shall fall within the range of 3.15 V to
3.85V (3.5 V£ 10%).

23.5.1.2.2 Differential output templates

While repetitively transmitting the ternary sequence [0°°0 100 000 =10 0 0], and while observ-
ing the transmitted output at the:MDI, the observed waveform shall fall within the normalized transmit tem-
plate listed in table 23-4. Portions of this table are represented graphically in figure 23-13. The entire
normalized transmit template shall be scaled by a single factor between 3.15 and 3.85. It is a functional
requirement that linear interpolation be used between points. The template time axis may:be shifted horizon-
tally to-attain the most favorable match. In addition to this simple test pattern; all other pulses, including link
integrity pulses and also including the first pulse of each packet preamble; should meet this same normalized
transmit template; ‘with appropriate shifting and lingar superposition of the CS1 and CS-1 template limits:
Transmitters are allowed to insert additional delay in the transmit path in order fo mect the first pulse
requirement, subject to the overall timing limitations listed in.23.11; Timing summary.

This is an Archive IEEE Standard. It has been superseded by a later version of this stangigrd.
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While transmitting the TP_IDL: 100 signal, and-while obscrving the transmitted output at the MDL, the
observed waveform shall fall within the normalized link pulse template listed in table 23-4. Portions of this
table are tepresented graphically in figure 23-14. The entire template shall be scaled by the same factor used
for the normalized transmit template test. ‘It is a functional requirement that lincar interpolation be used
between template points. The template time axis may be shifted horizontally to attain' the most favorable
match.

After transmitting seven or more consecutive CSO waveforms during the TP IDL 100 signal, each pair, as
observed using the 100BASE-T4 Transmit Test Filter (23.5.1.2.3) connected to the MDI, shall‘attain a state
within 50 mV of zero.

When the TX. D1, BI D3, or Bl D4 pair is driven with a repeating pattern (1 - -1 1 =1 ...) any harmonic
measured at the MDI output shall be at least 27-dB below the fundamental at 12.5 MHz.

NOTES

1—The: specification on maximum spectral components is not intended to. ensure compliance with regulations
concerning RF emissions: The implementor should consider any applicable local, national, ot international reg-
ulations. Additional filtering of spectral components may therefore be necessary.

2—The repetitive pattern. [00 1.0 0 .00 0 =10 0 0] (leftmost ternary symbol firsty may be-synthe-
sized using the 8B6T coding rules from a string of repeating data octets with value 73 hex. The repetitive pat-
tern- [ 'L =1 1 -1 -1 =1] (leftmosl lernary symbol first) may be synthesized using the 8B6T coding tules
from astring of repeating data octets with value 92 hex.

1
0.5
’_\/ 1
0 ———\// Y e
=05
-1 W

Ons- 40 80 120 160 200 240 280 320 360. 400
(First-400  ns of 480 nsrepeating pattern shown)

Figure 23-13—Normalized transmit template as measured at MD
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0.5

,1 \

Ons- 40 80 120 160 200 240 280 320 360 400

(First 400 ns:of nominal 1.2 ms repeating pattern shown)

Figure 23-14—Normalized link pulse template as measured at MDI

The ideal template values may be automatically generated from the following equations:

Ifélplace transform of  Ideal(s)
cal transmit response IdealResponse(s) = TP
Where Ideal(s) is a 100% raised cosine system response
Where  LPF(s)is a 3-pole Butterworth low pass filter response with -3 dB point at 25 MHz
Convert IdealResponse(s) from frequency domain to time domain
Use at least 8 samples per ternary symbol for the conversion

Superimpose alternating positive and negative copies of the ideal time
response, seperated by 6 ternary symbol times, to form the ideal transmit voltage waveforn.

The template limits are formed by offsetting the ideal transmit voltage waveform by plus and minus 6% of
its peak.

23.5.1.2.3 Differential output ISI (intersymbol interference)

While observing a: pscudo-random: 8B6T coded data sequence (with every 6T code group represented at
least once) preceded by at least 128 octets and followed by at least 128 octets of data, and while observing
the transmitted output througha 100BASE-T4 Transmit Test Filter (one implementation-of which is depicted
in figure 23-16), the ISI shall be less than 9%. The ISI for this test is defined by first finding the largest of the
three peak-to-peak ISLerror voltages marked in figure 23-15 as TOP ISI, MIDDLE ISI, and BOTTOM ISL

The largest of these peak-to-peak ISI error voltages is then divided by the overall peak-to-peak signal volt-

age. (The technique of limiting the ratio of worst ISI to overall peak-to-peak voltage at 9% -accomplishes the
same end as limiting the ratio of worst ISI to nominal peak-to-peak at 10%.)

This is an Archive |[EEE Standard. It has been superseded by a later version of this stanggrd.
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Table 23-4—Normalized voltage templates as measured at the MDI

Normalized Normalized Normalized link | Normalized link
Time, ns transmit transmit template; pos. template; neg:
templ'atg, pos. temp!atg, neg. limit limit
limit limit

0 0.060 —-0.061 0.061 —0.060

5 0.067 -0.054 0.056 -0.065
10 0072 —0.049 0.052 —0.069
15 0.072 —0.049 0:052 —0:069
20 0.063 —-0.058 0:058 —0.063
25 0:047 —0.074 0.071 —0.050
30 0.030 —0.091 0.086 —0:035
35 0.023 -0.098 0:094 -0.027
40 0:041 —-0.080 0.080 —0.041
45 0.099 —0.022 0.027 —0.094
50 0.206 0.085 =0:076 -0.197
55 0.358 0237 —0:.231 —0:352
60 0.544 0423 ~0.428 -0.549
65 0.736 0:615 ~0:640 -0.761
70 0.905 0.784 -0:829 —0.950
75 1.020 0.899 -0.954 —1.075
80 1.060 0.940 =0.977 -1.098
85 1.020 0.899 —0.876 -0.997
90 0.907 0.786 —0:653 -0.774
95 0.744 0.623 -0.332 ~0.453
100 0.560 0.439 0.044 —-0.077
105 0.384 0.263 0.419 0.298
110 0.239 0.118 0.738 0.617
115 0:137 0.016 0.959 0.838
120 0.077 —0.044 1.060 0.940
125 0.053 ~0.068 1.044 0.923
130 0:050 —0.071 0:932 0:811
135 0.057 -0.064 0.759 0.638
140 0.064 -0.057 0.565 0444
145 0.067 —0.054 0.383 0.262
150 0.065 —0.056 0:238 0.117
155 0:061 —-0.060 0.138 0.017
160 0.057 -0.064 0:081 —0.040
165 0.055 -0.066 0.057 —0.064
170 0.056 -0.065 0.054 -0.067
175 0.059 —0.062 0.058 -0.063
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Table 23-4—Normalized voltage templates as measured at the MDI {Continued)
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Normalized Normalized Normalized link | Normalized link
Time, ns transmit transmit template; pos. template; neg:
templ'atg, pos. temp!atg, neg. limit limit
limit limit
180 0.062 -0.059 0.063 —0.058
185 0.064 -0.057 0.064 -0.057
190 0064 —0.057 0.063 —0:058
195 0.062 -0.059 0:060 —0.061
200 0.060 -0.061 0:058 —0.063
205 0:057 —0.064 0.058 —0.063
210 0.056 —0.065 0.059 —0.062
215 0.058 -0.063 0:060 -0:061
220 0.061 —-0.060 0.062 —0.059
225 0.064 -0.057 0.062 —0.059
230 0.066 -0.055 0:062 ~0.059
235 0.065 -0.056 0.061 —0.060
240 0.061 -0.060 0.060 -0.061
245 0.054 -0.067 0:060 =0.061
250 0.049 —0.072 0:060 —0.061
255 0.049 -0.072 0.060 —0:061
260 0.058 -0.063 0.061 —0.060
265 0.074 -0.047 0:061 —0.060
270 0.091 -0.030 0:061 —0.060
275 0.099 -0.022 0:061 0060
280 0:080 —0.041 0:060 —0:061
285 0.022 -0.099 0:060 -0.061
290 =0.085 -0.206 0.060 —-0:061
295 —0.238 —-0.359 0.060 —0.061
300 —0.423 —0.544 0:061 —-0.060
305 -0.615 -0.736 0.001 ~0.060
310 —0:783 —0:904 0:061 —0.060
315 —-0:899 -1.020 0:061 —0.060
320 =0.940 -1.061 0:060 —-0.0061
325 —-0.899 -1.020 0:060 —0.061
330 —0.786 —0.907 0.060 —0.061
335 0623 —-0.744 0.060 —0:061
340 —0.439 -0.560 0:061 —0.060
345 ~0.263 -0.384 0.061 —0.060
350 -0:118 —0.239 0.061 —0.060
355 -0.016 —0.137 0.061 =0.060
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Table 23-4—Normalized voltage templates as measured at the MDI {Continued)

Normalized Normalized Normalized link | Normalized link
Time, ns transmit transmit template; pos. template; neg:
templ'atg, pos. temp!atg, neg. limit limit
limit limit
360 0.044 -0.077 0.060 -0.061
365 0.068 -0.053 0.060 -0.061
370 0.070 —0.051 0.060 —0.061
375 0.064 -0.057 0:060 —0.061
380 0.057 -0.064 0:061 —0.060
385 0.054 —0.067 0.061 —0.060
390 0.056 —0.065 0.061 —0.060
395 0.060 -0.061 0:061 —0:.060
400 0.064 -0.057 0.060 —0.061
405 0.065 —0.056 0.060 —0.061
410 0.064 -0.057 0:060 ~0.061
415 0.061 -0.060 0.060 —0.061
420 0.059 -0.062 0:061 ~0.060
425 0.058 -0.063 0:061 ~0.060
430 0.059 -0.062 0061 —0.060
435 0.060 -0.061 0:061 —0.060
440 0.061 -0.060 0:060 —0.061
445 0:062 ~0.059 0:060 ~0:.061
450 0.062 -0.059 0.060 -0.061
455 0.061 -0.060 0.060 ~0.061
460 0.060 -0.061 0.061 —0.060
465 0.059 -0.062 0:061 ~0.060
470 0.060 -0.061 0.061 —0:060
475 0.060 -0.061 0.061 —0.060
480 0.061 —0.060 0.060 -0.061

It is a mandatory requirement that the peak-to-peak ISI; and the overall peak-to-peak signal voltage, be mea-
sured at a point in time halfway between the nominal zero crossings of the observed eye pattern.

It is-a mandatoty requirement that the 100BASE-T4 Transmit Test: Filter perform the function of a third-
order Butterwotth filter with its =3 dB point at 25.0 MHz.

One acceptable implementation of a 100BASE-T4 Transmit Test Filter appears in figure 23-16. That imple-
mentation uses the 100BASE-T4 Transmit Test Filter as a line termination. The output of the filter is termi-
natedin 100 | . Ttisa mandatoty requirement that such implementations of the 100BASE-T4 Transmit Test
Filter be designed such that the reflection loss of the filter, when driven by a 100 | source, exceeds 17-dB
across the frequency range 2 to 12.5 MHz.

This is am#ggchive IEEE Standard. It has been superseded by a later version of this standard.
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0 5 10 15 20 25 30 15/ 40 45 50 H5 60 65 n750

IS| measurement point is
defined halfway between
nominal zero crossings
of eye pattern

Figure 23-15—Definition of sampling points for IS| measurement

Equivalent circuits that implement the same overall transfer function are also acceptable. For example, the
100BASE-T4 Transmit Test Filter may be tapped. onto a line in parallel with an existing termination. It is-a
mandatory requirement that such implementations of the 100BASE-T4 Transmit Test Filter be designed with
an input impedance sufficiently high that the reflection loss of the parallel combination of filter and 100 |
termination, when driven by 100 | |, exceeds 17 dB across the frequency range 2 to 12.5 MHz.

MDI
635 nH

TRANSMIT - Y
DEVICE 127 pF [ 127 pF [ +

UNDER TEST FILTER
TEST S OUTPUT
127 pF 127 pF i60']

635 nH
L's+ 10% TRANSMIT
TEST FILTER

C's+5%
R's £+1%

Figure 23-16—Acceptable implementation of transmit test filter
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23.5.1.2.4 Transmitter differential output impedance

The differential output: impedance as measured at the MDI for each transmit pair shall be such that any
reflection duc to differential signals incident upon the MDI from a balanced cable having an impedance of
100 | is at least 17 dB below the incident signal, over the frequency range of 2.0 MHz to 12.5 MHz. This
return loss shall be maintained at all times when the PHY is fully powered.

With every transmitter connected as in figure 23-17, and while transmitting a repeating sequence of packets
as specified in table 23-3, the amount of droop on any transmit pair-as defined in figure 23-18 during the
transmission of ¢opl and eop4 shall not exceed 6.0%.

TRANSMIT MDI
DEVICE
UNDER +
TEST

100" 3s0pH " Vout

"+ 1% as measired at 100 kHz

Figure 23-17—Output impedance test setup

4

A
eop4
Vi1 P T V2
‘—
gop1 20 ns
220 ns

zerocrossing

%}
droop = yZ
V1

Figure 23-18—Measurement of output droop

" RECEIVE
50 | Mbl DEVICE
'\/\/\/ UNDER
Balanced:square wave source + TEST

50% duty cycle
35V amplitude (f) 3 Vout
480 ns period -

20 ns-or faster rise/fall 330 uH

Ty 1% as measured at 100 kHz

Figure 23-19—Input impedance test setup
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Table 23-5—Sequence of packets for droop test

Packet sequence Packet lenoth Data, hex
(Transmit this sequence of (Number of da tg octets) (All'octets in each packet
packets in a repetitive loop) are the same)
first packet 64 AA
second packet 65 AA
third packet 66 AA

23.5.1.2.5 Output timing jitter

While repetitively transmitting a random sequence of valid 8B6T code words, and while observing the
oulput of a 100BASE-T4 Transmil Test Filter connecled at the MDI (0 -any of the (ranstiil pairs as specified
in 23.5.1.2 3, the measured jitter shall be no more than 4 ns p-p: For the duration of the test, each of the other
transmit pairs-shall be connected to either a 100BASE-T4 Transmit Test Filterora 100 | resistive load.

NOTES

1—Jitter is the difference between ‘the actual zero-crossing point in‘tiine and ‘the ideal time. For various ternary transi-
tions; the zero crossing time 'is defined differently. For transitions between +1 and —1- ot vice versa; the zero- crossing
point 1s-defined as that point in time when the voltage waveform crosses zero. For transitions between zero-and the other
values, or from some other value to zero, the zero crossing tiine 1s defined as that point in time when the voltage wave-
formi crosses the boundary between logical voltage levels; halfway between zero volts and the logical +1 or logical —1
1deal level.

2-~The ideal zero crossing times are contained ina sét of points {7} where £, = £+ n/f ; where n 1s an integer, and i in
the raiige 25.000 MHz +£0.01%. A colléction-of zero crossing times satisfies the jitter requirement if there exists a pair
(#5,.f) such that each zero crossing time is separated from some member of {£,} by no-more than4 ns.

23.5.1.2.6 Transmitter impedance balance
The common-mode to differential-mode impedance balance of each transmit output shall éxceed

29- 17log(%)dB

where /s the frequency (in MHz) over the frequency range 2.0 MHz to 12.5 MHz: 'The balance is defined as

2010g(§°nj

di

where E;;; is-an externally applied sine-wave voltage as shown in figure 23-20.

NOTE—The balance of the test equipment (such as the matching of the test résistors) must be insignificant relative to
the balance requirements.

23.5.1.2.7 Common-mode output voltage

The implementor should consider any applicable local, national, or interational regulations. Driving
unshielded twisted pairs with: high-frequency, common-mode voltages ‘may result ‘in interference to- other
equipment. FCC conducted and radiated emissions tests may tequire that, while transmitting data. the mag-
nitude of the total common-mode output voltage, Fuyoury> ON any transmit circuit, be less than a few milli-
volts when measured as shown in figure 23-21.

This is an Archive IEEE Standard. It has been superseded by a later version of this stanggrd.
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MDI

TRANSMIT
DEVICE
UNDER

TEST ~ E it §143 |

147 |”

f147 |” CDEC"‘

PG
L
*Resistor matching to 1 part in 1000.

Figure 23-20—Transmitter impedance balance and common-
mode rejection test circuit

MDI
TRANSMIT
DEVICE % .
UNDER 475 |
TEST
= p ey
475 | *
§4g-g| Ecm(out)
PG A
L

“Resistor matchingto 1 part in' 10-000:

Figure 23-21—Common-mode output voltage test circuit

23.5.1.2.8 Transmitter common-mode rejection
The application of £, as shown in figure 23-20 shall not change the differential voltage at any transmit out-
pul, Eg;¢; by more than 100 mV for all data sequences while the (ransmitler is sending data. Additionally, (he

edge jitter added by the application of F;, shall be no more than 1.0 ns. £, shall be-a 15V peak 10.1 MHz
sine wave.

23.5.1.2.9 Transmitter fault tolerance

Transmitters, when either idle or nonidle; shall withstand without damage the application of short circuits
across any transmit-output for an indefinite period of time and shall resume normal operation after such
faults ar¢ removed. The magnitude of the current through such a short circuit shall not exceed 420 mA.
Transmitters, when either idle or nonidle; shall withstand without damage a 1000V common-mode impulse
applied at £, -of either polarity (as indicated in figiire 23-22).. The shape of the impulse :shall be 0.3/50 ps
(300 ns virtual front time, 50 ps virtual time of half valuc), as dcfined in IEC 60.

23.5.1.2.10 Transmit clock frequency

The ternary symbol transmission rate on each pair shall be 25.000 MHz £ 0.01%.

This is an Archive |[EEE Standard. It has been superseded by a later version of this stanggrd.
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MDI

TRANSMIT
DEVICE

cm

A
UNDER %
TEST i § %
]

PG

Il

*Resistor matching to 1 partin 100.

Figure 23-22—Transmitter fault tolerance test circuit

23.5.1.3 Receiver specifications

The PMA shall provide the Receive function specified in 23.4.1.3 in accordance with the electrical specifica-
tions of this clause. The patch cables and. interconnecting hardware used in test configutations shall mect
Category 5 specifications as in ISO/IEC 11801: 1995.

The term worst-case UTP model, asused in this clause; refers to lumped-element ¢able model shown in fig-
ure 23-23 that has been developed to simulate the attenuation and group delay characteristics of 100 m of
wortst-case Category 3 PVC UTP cable.

This constant resistance filter structure has been optimized to best match the following amplitude and group
delay characteristics, where the argument f'is in hertz, and the argument x is the ¢able length in meters. For
the worst-case: UTP model, argument x was set to- 100 m, and the component values determined for a best
least mean squared fit of both real and imaginary parts of H(f, x) over the frequency range 2 to 15 MHz.

NOTE—This group-delay model is relative and does not includes the fixed delay associated with 100-mof Category 3
cable. An additional 570 n1s of fixed delay should be added in orderto obtain the absolute group delay.

; - .L(_)f_)
Propagationlmag(f,x) = j(=10) ~57\100

. R Crn L)(L)
PropagationReal( f, x) (7‘1 10 0.70106 305

Propagationlmag(f, x)+ PropagationRedal( f, x)
20

H{f,x) =10
23.5.1.3.1 Receiver differential input signals
Differential signals received on the receive inputs: that were transmitted within the constraints of 23.5.1.2,

and have then passed through a worst-case UTP model, ‘shall be correctly translated into on¢ of the
PMA UNITDATA indicate messages and sent to the PCS. In addition, the receiver, when presented with.a

This is amgychive IEEE Standard. It has been superseded by a later version of this standard.
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R8 R26
205 432
ANy /N
R10 11 R11 L2 R12 L3 R15 L4
0.75 3.5 pH 075 1:0pH 075 043.pH 0.75 0.43iH

Receive side

R20 1 G3 F\’21—4|~ C4
6:81 K82 pF G.BEI' 100 pF

R26 R27 R24 R25 R2?2 R23 R28 R29
50 50 50 50 50 50 50 50
AN A" A SV AVAL
R30 L5 R31 L6 R32 . L7 R33... L8
0.75 - 35pH 075 - 1.0LH 075 043 uH 075 0.431iH
O_
R34 R35
505 439 L's +10%
AR VAA C's+5%
R's'+1%

Figure 23-23—Worst-case UTP model

link test pulse generated according to the requirements of 23.4.1.2 :and followed by at least 3T of silence on
pair RX D2, shall accept it as a link test pulse.

Both data and link test pulse receive features shall be tested in at least two configurations; using the worst-
case UTP model, and with a connection less than one meter in length between transmitter and receiver.

A receiver is allowed to discard the first received packet after the transition into state LINK PASS; using
that packet for the purpose-of fine-tuning its receiver équalization and clock recovery circuits.

NOTE-—Implementors may find it practically impossible to meet the requirements of this subclause without using some
form of adaptive equalization:

23.5.1.3.2 Receiver differential noise immunity

The PMA, when presented with. 8B6T encoded data mieeting the requirements of 23.5.1.3.1, shall translate
this-data into PMA UNITDATA:indicate (DATA) messages with a bit loss of no more than that specified in
23.4.1.3.

The PMA Catrier Sense function shall nof set pma. carrier=ON upon receiving any of the: following signals
on pair RX D2 at the receiving MDI, as measured using a 100BASE-T4 transmit test filter (23.5.1.2:3):

a) - All signals having a peak magnitude less than 325 mV.

b) - All continuous sinusoidal signals of amplitude: less than 8.7 V peak-to-peak and frequency less than
1.7 MHz:

¢) - All sine waves of single cycle or less duration; starting with phase 0Yor 180, and of amplitude less
than 8.7 V peak-to-peak, where the frequency is between 1.7 MHz and 15 MHz. For a period of
7 BT before and after this single cycle, the signal shall be less: than 325 mV.

This is an Archive IEEE Standard. [t has been superseded by a later version of this stanggyd.
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d) . Fast link pulse burst (FLP burst), as defined in clause 28.
¢) . The link integrity test pulse signal TP IDL. 100.

23.5.1.3.3 Receiver differential input impedance

The differential input impedance as measured at the MDI for each receive input shall be such that any reflec-
tion due to differential signals incident upon each receive input from a balanced cable having an impedance
of 100 | is at least 17 dB below the incident signal,-over the frequency range of 2.0 MHz to 12.5 MHz. This
return loss shall be maintained at all times when the PHY is fully powered.

With each receiver connected as in figure 23-19, and ‘with the source adjusted to: simulate copl and cops
(50% duty cycle square wave with 3.5 V- amplitude, period of 480 ns, and risetime of 20 ns or faster), the
amount of droop on each receive pair as-defined in figure 23-18 shall not exceed 6.0%.

23.5.1.3.4 Common-mode rejection

While receiving packets from a compliant 100BASE-T4 transmitter connected to all MDI pins, a receiver
shall send the proper PMA. UNITDATA indicate messages to the PCS for any differential input signal £
that results in a signal L4 that .meets 23.5.1.3.1 even:in the presence of common-mode voltages Ly
(applied as shown'in figure 23-24). F . shall be a 25 V peak-to-peak square wave, 500 kHz or lower in fre-
quency, withedges no slower than 4 ns (20%—80%), connected to cachof the receive pairs RX D2, BL D3,

and BI D4,
MDI RECEIVE
DEVICE
UNDER
i TEST
Ed if
v

L
" Resistor matching to 1 part in 1000.

Figure 23-24—Receiver common-mode rejection test circuit

23.5.1.3.5 Receiver fault tolerance

The receiver shall tolerate the application of short circuits between: the leads of any teceive input for an
indefinite period of time without damage and shall resume normal operation after such faults are removed.
Receivers shall withstand without damage a 1000 V common-mode impulse of ¢ither polarity (£, as indi-
cated in figure 23-25). The shape of the impulse shall be 0.3/50 ps (300 ns virtual front time; 50 us virtual
time of half value); as-defined in IEC 60,

23.5.1.3.6 Receiver frequency tolerance

The receive -feature shall properly receive incoming data. with -a ternary symbol rate- within the range
25.000 MHz £ 0.01%.

This is amgychive IEEE Standard. It has been superseded by a later versicn of this standard.
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RECEIVE
MDI DEVICE
UNDER
TEST

cm

* Resistor matching to 1 partiin 100.

Figure 23-25—Common-mode impulse test circuit

23.5.2 Power consumption

After 100 ms following PowerOn, the current drawn by the' PHY shall not exceed 0.75 A when powered
through the MIL

The PHY shall be capable of operating from all voltage sources-allowed by clause 22, including those cur-
rent limited to 0.75 A, as supplied by the: DTE or repeater through the resistance of all permissible MII
cables.

The PHY shall not introduce extrancous sighals on the MII control ¢ircuits during normal power-up and
power-down;

While in power-down mode the PHY is not required to-meet any of the 100BASE-T4 performance require-
ments.

23.6 Link segment characteristics
23.6.1 Cabling

Cabling and installation. practices generally suitable for use with this standard appear in ISO/IEC
11801:1995. Exceptions; notes, and additional requirements are as listed below.

a)- . 100BASE-T4 uses a star topology. Horizontal cabling is used to connect PHY éntities.

b) 100BASE-T4 is an ISO/IEC 11801: 1995 class C application, with additional installation require-
ments and transmission parameters specified in 23.6.2 through 23.6.4. The highest fundamental fre-
quency transmitted by 8B6T coding is 12.5 MHz. The aggregate data rate for three pairs using 8B6T
coding is 100 Mby/s.

¢) - 100BASE-T4 shall use four pairs of balanced cabling, Category 3 or better, with :a nominal charac-
teristic impedance of 100 |

d) - When using Category 3 cable for the link segnient, clause 23 recommends, but does not require; the
use-of Category 4 or better connecting hardware; patch cords and jumpers. The use of Category 4 ot
beller conneclitig hardware iticreases the link segment composile NEXT loss; comniposile ELFEXT
loss and reduces the link segment insertion loss. This lowers the link segment crosstalk noise;, which
in turn decreases the probability of errors.

e) - These of shielded cable is ontside the scope-of this standard.

This is an Archive IEEE Standard. It has been superseded by a later version of this stanggrd.
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23.6.2 Link transmission parameters

Un1e|ss otherwise specified, link segment testing shall be conducted using source and load impedances. of
100 | .

23.6.2.1 Insertion loss

The insertion loss of a simplex link segment shall be no more than 12 dB at all frequencies between 2 and
12.5 MHz. This consists of the attenuation of the twisted pairs, connector losses, and reflection losses due to
impedance ‘mismatches between the various components of the simplex link segment. The insertion loss
specification shall be met when the simplex link scgment is terminated in source and load impcedances that
satisfy 23.5.1.2.4 and 23.5.1.3:3.

NOTE~-The loss of PVC-insulated cable exhibits significant temperature dependence. At temperatures greater than
40°°C; it 'may be necessary to use a less temperature-dependent ¢able; such as many Fluorinated Ethylene: Propylene
(FEP), Polytetrafluoroethylene (PTFE), or Perfluoroalkoxy (PFA) plenum-rated cables.

23.6.2.2 Differential characteristic impedance

The miagnitude of the differential characteristic impedance of a 3 m length of twisted pair-used in a simplex
link shall be between 85 | and 115 | forall frequencies between 2 MHz and 12.5 MHz.

23.6.2.3 Coupling parameters

In order to limit the noise coupled into a simplex link segment from adjacent simplex link segments, Near-
End Crosstalk (NEXT) loss and Equal Level Far-End Crosstalk (ELFEXT) loss are specified for gach sim=
plex link segment. 1n addition, since three simplex links (TX D1, Bl D3, and Bl _D4) are used to send data
between PHY s and one simplex link (RX._D2) is‘used to carry collision information-as specified in 23.1.4;
Multiple-Disturber NEXT loss and Multiple-Disturber ELFEXT loss are also specified.

23.6.2.3.1 Differential Near-End Crosstalk (NEXT) loss

The differential Near-End Crosstalk (NEXT) loss between two simplex link segments 1s specified in order to
ensure that collision information can be reliably received by the PHY recéiver The NEXT loss between eachof
the three data carrying simplex link segments and the collision sensing simplex link segment shall be at least
24.5 - 15xlog;o(f/12.5) (where fis the frequency in MHz) over the frequency range 2.0 MHz to 12.5 MHz.

23.6.2.3.2 Multiple-disturber NEXT (MDNEXT) loss

Since three simplex links are used to send data between PHYs and one simplex link is used to carry collision
information; the NEXT noise that is:coupled into the collision, sensing simplex link segment is from multi=
plc (three) signal sources, or disturbers. The MDNEXT loss between the three data carrying simplex link
segments and the collision sensing simplex link segment shall be at least 21.4 = 15xlog(/712.5) dB: (where
Jfis the frequency in MHz) over the frequency range 2.0 to 12.5-MHz. Refer to 12.7.3.2 ‘and Appendix A3,
Example-Crosstalk Computation for Multiple Distutbers, for a tutorial and method for estimating the MDN-
EXT loss for an n-pair cable:

23.6.2.3.3 Equal Level Far-End Crosstalk (ELFEXT) loss

Equal Level Far-End Crosstalk (ELFEXT) loss is specified in order to limit the crosstalk noise-at the far end-of
a simplex link segment to meet the BER objéctive specified in 23.1.2 and the noise specifications of 23.6.3.
Far-End Crosstalk (FEXT) noise is the crosstalk noise that appears at. the far end-of a simplex link segment
which is coupled from an ‘adjacent simplex link segiment with the noise source (transmitters) at the near end.
ELFEXT loss is the ratio of the data signal to: FEXT noise at the: output of a simplex link segment (receiver
input). To limit the FEXT noise from adjacent simplex link segments; the ELFEXT loss between two data car-

This is am#gchive IEEE Standard. It has been superseded by a later version of this standard.
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rying simplex link ‘segments shall be greater than 23:1 —20xlogyo(f712.5) dB' (whete [ is the frequency in
MHz) over the frequency range 2.0 MHz to 12,5 MHz. ELFEXT loss at frequernicy f and distance / is defined as

V
ELFEXT Loss (1) =20 x logy [ =] ~SLS_Loss (dB)

Vpcn
where
Vods is the peak voltage of disturbing signal (near-end transmitter)
Vet is the peak crosstalk noise: at the far end of disturbed simplex link segment

SLS Loss - isthe insertion loss of the disturbing simplex link segment

23.6.2.3.4 Multiple-disturber ELFEXT (MDELFEXT) loss

Since three simplex links are used to transfer data between PHY's; the FEXT noise that is coupled into an data
carrying simplex link segment is from multiple (two) signal sources; or ‘disturbers. The: MDELFEXT loss
between a data carrying simplex link segment and the other two data cartying simplex link segments shall be
greater than 20.9 — 20xlog (/7 12.5) (where fis the frequency-in MHz) over the frequency range 2.0 MHz to
12.5 MHz: Refer to 12.7.3.2 and Appendix A3, Example Crosstalk Computation for Multiple Disturbers;, for a
tutorial and method for estimating the MDELFEXT loss for an n-pair cable.

23.6.2.4 Delay

Since T4 sends information over three simplex link segments in parallel; the absolute delay of ¢ach and the
differential delay are specified to comply with network round-trip delay limits and ensure the proper decod-
ing by receivers, respectively.

23.6.2:4.1 Maximum link delay

The propagation delay of a simpléx link segment shall not exceed 570 ns-at all frequencies between 2.0 MHz
and 12.5 MHz.

23.6.2.4.2 Maximum link delay per meter

The propagation delay per meter of a simplex link segment shall not exceed 5.7 ns/m-at all frequencies
between 2.0 MHz and 12.5 MHz.

23.6.2.4.3 Difference in link delays

The difference in propagation delay, or skew, underall conditions, between the fastest and the slowest sim-
plex link segment in a link segment :shall not exceed 50 ns at all frequencies between 2.0°MHz and
12.5 MHz. It is a further functional requirement that, once installed, the skew between all pair combinations
due to environmental conditions shall not vary: more than + 10 ns, within the above requirement.

23.6.3 Noise
The noise level on the link segments shall be such that the-objective error rate is met. The noise environment

consisls generally of (wo primary contributlors: sell-induced near-end crosstalk, which allects (tie abilily 1o
detect collisions; and far-end crosstalk; which affects the signal-to-noise ratio during packet reception.

This is an Archive IEEE Standard. It has been superseded by a later version of this stangigrd.
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23.6.3.1 Near-End Crosstalk

The MDNEXT (Multiple-Disturber Near-End Crosstalk) noise on a link segment depends on the level of the
disturbing signals on pairs TX D1, BI D3, and BI_D4, and the crosstalk loss between those pairs and the
disturbed pair, RX. D2.

The MDNEXT noise on-a link segment shall notexceed 325 mVp.
This standard is compatible with the following assumptions:

a) - Three disturbing pairs with 99th percentile pair-to-pair NEXT loss greater than 24.5 dB:at 12.5 MHz
(i.c., Category 3 cable).

b) Six additional disturbers (2 per simplex link) representing connectors at the near end of the link seg-
ment with 99th percentile NEXT loss greater than 40 dB at 12.5 MHz (i.e., Category 3 connectors
installed in accordance wilthi 23.6.4.1).

¢) - All disturbers combined according to the MDNEXT Monte Catlo procgdure outlined in Appendix A3,
Example Crosstalk Computation for Multiple Disturbers:

The MDNEXT noise is defined using three maximum level 100BASE-T4 transmitters sending uncorrellated
continuous data sequences while attached to the simplex link segments TX D1, BI D3, and BI D4 (disturb-
ing links), and the noise measured at the output of a filter connected to the simplex link segment RX D2,
(disturbed link). Each continuous data sequence is a pscudo-random bit pattern having a length of at Ieast
2047 bits that has been coded according to the 8B6T coding rules in23.2.1.2. The filter is the 100BASE-T4
Transmit Test Filter specified in 23.5:1.2.3:

23.6.3.2 Far-End Crosstalk

The MDFEXT (Multiple-Disturber Far-End Crosstalk) noise on a link segment depends ‘on the level of the
disturbing signals.on pairs TX D1, BI D3, and BI D4, and the various crosstalk losses between those pairs.

The MDFEXT noise on a link segment shall not exceed 87 mVp.
This standard is compatible with the following assumptions:

a) . Two disturbing pairs with 99th percentile ELFEXT (Equal Level Far-End. Crosstalk) loss greater
than 23 dB-at 12.5 MHz.

b) - Nine additional disturbers (three per simplex link) representing connectors in the link segment with
99th percentile NEXT loss greater than 40 dB at 12.5 MHz.

¢). - -Alldisturbers combined according to the MDNEXT Monte Catlo procedure outhned in Appendix A3,
Example Crosstalk Computation for Multiple Disturbers:

The MDFEXT noise is defined using two maximum level 100BASE-T4 transmitters sending uncorrellated
continuous data sequences while attached to two simplex link segments (disturbing links) and the noise mea-
sured at the output of a filter connected to the far end of a third simplex link segment (disturbed link). Each
continuous data sequence is-a pseudo-random bit pattern having a length of at least 2047 bits that has been
coded according to the 8B6T coding rules in 23.2.1.2. The filter is the 100BASE-T4 Transinit Test Filter
specified in 23.5.1.2.3.

This is amgychive IEEE Standard. It has been superseded by a later version of this standard.
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23.6.4 Installation practice
23.6.4.1 Connector installation practices

The amount of untwisting in a pair as a tesult of termination to connecting -hardware should be no greater
than 25 mm (1.0 in) for Category 3 cables. This is the: same value recommended in ISO/IEC 11801: 1995 for
Category 4 connectors.

23.6.4.2 Disallow use of Category 3 cable with more than four pairs

Jumper-cables, or horizontal runs; made from more than four pairs of Category 3 cable are not allowed.
23.6.4.3 Allow use of Category 5 jumpers with upto 25 pairs

Jumper-cables made from up to 25 pairs of Category 5 cable, for the purpose of mass-terminating port con-

nections at a hub, are allowed. Such jumper cables; if used; shall be limited in length to no moré than 10 m
total.

23.7 MDI specification

This clause defines the MDI. The link topology requires a crossover function between PMAs. Implementa-
tion and location of this crossover are also defined in this clause.

23.7.1 MDI connectors

Eight-pin connectors meeting the requirenients of section 3 and figures 1-5-of IEC 603-7: 1990 shall be used
as the mechanical ‘interface to the balanced cabling. The: plug connector shall be used on the balanced
cabling and the jack on the PHY. These connectors are depicted (for informational use only) in figures 23-26
and 23-27. The table 23-6 shows the assignment of PMA signals to- connector contacts for PHY s with and
without an internal crossover.

s &>
1

pin 1
Figure 23-26—MDI connector Figure 23-27—Balanced cabling connector

23.7.2 Crossover function

It is a functional requirement that a crossover function be implemented in every link segment. The crossover
function conne¢ts the transmitters of one PHY to-the receivers of the PHY at the-other ¢nd of the link seg-
ment. Crossover functions may be implemented internally to-a PHY or elsewhere in the link segment. For:a
PHY that does not implement the crossover function, the MDI labels in the last column of table 23-4 refer to
its own internal circuits (second column). For PHYs that do implement the internal crossover, the MDI
labels in the last column of table 23-4 refer to- the intemal circuits of the remote PHY ‘of the link segment.

This is an Archive IEEE Standard. It has been superseded by a later version of this stanggyrd.
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Table 23-6—MDI connection and labeling requirements

PHY without PHY with
internal crossover internal crossover MDI
Contact (recommended for (recommended for labeling
DTE) repeater) requirement
internal PMA signals internal PMA signals
1 TX. D1+ RX D2+ TX D1+
2 TX Dl1= RX. D2= TX Dl1-
3 RX D2+ TX D1+ RX_D2+
4 BI D3+ BL D4+ BL-D3+
5 BI_D3- BI. D4~ BIL D3—
6 RX D2~ X D1= RX -D2-
7 BI D4+ BIL.D3+ BIL D4+
8 BIL D4= BIL.D3= BRI D4~

Additionally, the MDI connector for a PHY that implements the crossover function shall be marked with the
graphical symbol “X”. Internal and external crossover functions are shown in figure 23-28. The crossover
function specified here for pairs TX D1 and RX D2 is compatible with the crossover function specified in
14:5.2 for pairs TD and RD.

When a link segment connects a DTE to a repeater, it is recommended the crossover be implemented in the
PHY local (o (hie repeater. If both PHY's ol'a link segient contlain internal crossover funclions, an additional
external crossover is necessary. It is recommended that the crossover be visible to an installer from one of
the PHY's: When both PHY's contain internal crossovers, it is further recommended in networks in which the
topology identifies either a central backbone segment or a central repeater that the PHY furthest from the
central element be assigned the external crossover to-maintain consistency.

Implicit implementation of the ctossover function within a twisted-pair cable, or at a wiring panel, while not
expressly forbidden, is beyond the scope of this standard.

23.8 System considerations
The repeater unit specified in clause 27 forms the central unit for interconnecting 100BASE-T4 twisted-pair
links in networks of more than two nodes. It:also provides the means for connecting 100BASE-T4 twisted-

pair links to other 100 Mb/s baseband segments. The proper operation of a CSMA/CD network requires that
network size be limited to control Tound-trip propagation delay as specified in clause 29.

23.9 Environmental specifications
23.9.1 General safety

All equipment meeting this standard shall conform to 1IEC 950: 1991.

This is am#&gchive IEEE Standard. It has been superseded by a later version of this standard.
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1 TX_Di+ L TX_ D1+

_[; 2 TX Di= = — TX_D1- 211_
3 RX_D2+ — L RX_D2+ 3
_<":6 RX_ D2 = L RX_D2- 6:l>—
%4 BI_D3+ — | BI_D3+ 4@
5 'BID3= — Bl D3=-5
%7 Bl D4+ —| L Bl D4+ 7@
8 BI_D4- —| — Bl D4 8
PHY PHY

a) Two PHYs with external crossover function

— —
MDI MDI-X Label Internal Signal
1 TX. DI+ ——— TX. DI+ 4 TX D1+
_[22 TX Dl= —— TX.Di- 5 ﬂm
3 RX_D2+ ——— RX_D2+ 3 ’
_<]:5 RX_D2- ——— RX_D2- & >
%14 BLD3+ — BID3+ 4 BL.D3+
5 BILD3- — BID3> 5
:%7 Bl D4+ ——— BI.D4+ 7
8§ Bl D4~ —— BI.D4 8

i e e [

b) PHY with internal crossover function

Figure 23-28—Crossover function

23.9.2 Network safety

This clause sets forth a number of recomméndations and guidelines related to safety concems; the list is nei-
ther complete nor-docs it address. all possible safety issues. The designer is urged to consult the relevant
local, national, and international safety regulations to ensure compliance with the appropriate requirements.

LAN cable systeins described in this clause are subject (o-at Ieast four direct electrical safely hazards during
their installation and use. These hazards are as follows:

a) - Direct contact between LAN components and power, lighting; ot communications circuits

b) - Static:charge buildup on LAN cables and components

¢) - High-energy transients coupled onto the LAN cable system

d) - Voltage potential differences between: safety grounds to which various LAN components -are
connected

This is an Archive IEEE Standard. It has been superseded by a later version of this stanggrd.
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Such electrical safety hazards must be avoided or appropriately protected against for proper network instal-
lation and performance. In addition to provisions for proper handling of these conditions in an operational
system, special measures must be taken to ensure that the intended safety features are not negated during
installation of a new network or during modification or maintenance of an existing network.

23.9.2.1 Installation

It is a mandatory functional requiremient that sound installation practice; as defined by applicable local codes
and regulations; be followed in every instance in which such practice is applicable.

23.9.2.2 Grounding

Any safety grounding path for an-extemnally connected PHY shall be provided through the circuit ground of
the MII connection.

WARNING—It is assumed that the equipment to which the PHY is-attached is properly grounded, and not: left floating
not serviced by & “doubly insulated, ac power distribution system.” The use of floating or insulated equipment, and the
consequent implications for safety, are beyond the scope of this standard.

23.9.2.3 Installation and maintenance guidelines

It is'amandatory functional requirement that, during installation and maintenance of the cable plant;, care be
(aken (o ensure that noninsulated nelwork cable conductors do nol make clectrical contact-wilh uninleuded
conductors or ground.

23.9.2.4 Telephony voltages

The use of building wiring brings with it the possibility of wiring errors that may connect telephony voltages
to 100BASE-T4 equipment. Other than voice signals (which are low voltage), the primary voltages that may
be encountered:are the “battery” and ringinig voltages. Although there is no universal standard, the following
maximums generally apply:

Battery voltage to a telephone line 1s generally 56 Vdc applied to the line through a balanced 400 | source
impedance.

Ringing voltage is a composite signal consisting of an ac component and a dc.component. The ac component is
up to 175V peak at 20 Hz to 60 Hz with a 100 | source resistance. The dc componeit is 56 Vdc with a 300 |
10600 | source resistance. Large reactive transients can occur at the start.and end of each ring interval.

Although 100BASE-T4 ¢quipment i not tequired to survive such wiring hazards without damage, applica-
tion of any of the above voltages shall not result in.any safety hazard.

NOTF—Wiring errors may impose telephony voltages differentially across 100BASE-T4 transmitters or receivers.
Because the termination resistance likely to be presént across a receiver’s mput 1 of substantially lower impedanice than an
off-hiook telephone instrument, receivers will generally appear to the telephone system: as off-hook telephones. Therefore,
full-ring voltages will be applied for only short periods. Transmitters that-aré-coupled-using: transformers: will similarly
appear like off-hook telephones (though perhaps a bit more slowly) due to-the low resistance of the transformer coil.

23.9.3 Environment
23.9.3.1 Electromagnetic emission

The twisted-pair link shall comply with applicable local and national codes for the limitation of ¢lectromag-
netic interference.

This is amérchive IEEE Standard. It has been superseded by a later version of this standard.
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23.9.3.2 Temperature and humidity

The twisted-pair link is expected to-operate over a reasonable range of environmental conditions related to
temperature, humidity, and physical handling (such as shock and vibration). Specific requirements and val-
ues for these parameters are considered to be beyond the scope of this standard.

It is recommended that manufacturers-indicate in the literature associated with the PHY the operating envi-
ronmental conditions to facilitate selection, installation; and maintenance.

23.10 PHY labeling

It is'recommended that each PHY (and supporting documentation) be labeled in a manner visible to the user
with at least these parameters:

a) - Data ratc capability in Mb/s
b) © Power level in terms of maximum ¢urrent drain (for external PHY's)
¢) - Any applicable safety warnings

Secalso 23.7.2.

23.11 Timing-summary
23.11.1 Timing references
All MII signals are defined (or corrected to) the DTE end of a zero length MIL cable.

NOTE—With a finite length MIIL ¢able, TX CLK appears in the PHY one cable propagation -delay earlier than at the
MIL. This advances the transmit timing. Receive timing is tetarded by the same amount.

The phirase adjusted for pair skew, when applied to a timing reference on a particular pair, means that the
designated timing reference has been adjusted by adding to it the difference between the time of arrival of
preamble on the latest of the three receive pairs-and the time of arrival of preamble on that particular pair.

PMA. UNITDATA request

Figures 23-29,-30, 31, and 32. The implementation of this abstract message is not specified.
Conceptually, this is the time at'which the PMA has been given full knowledge and use of the
terary symbols to be transmitted.

PMA_ UNITDATA.indicate

Figure 23-33. The implementation of this abstract message is not specified. Conceptually, this is
the time at which the PCS has been given full knowledge and use of the ternary symbols received.

WAVEFORM

Figure 23-29. Point in time at which output waveform has moved 1/2 way from previous nominal
output level to present nominal output level.

TX EN

Figure 23-30. First rising edge of TX CLK following the rising edge of TX EN.
NOT TX EN

Figures 23-31 and 32. First rising edge of TX CLK following the falling edge of TX EN.
CRS

Figure 23-33. Rising edge of CRS.
CARRIER STATUS

This is an Archive IEEE Standard. It has been superseded by a later version ¢f this stangigyrd.
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Figure 23-33. Rising edge of catrier_ status.
NOT CARRIER_STATUS
Figure 23-34. Falling edge of carrier status.
RX DV
No figure. First rising edge of RX CLK following rising edge of RX DV.
COL
No figure. Rising edge of COL signal at MIL.
NOT _COL
No figure. Falling edge of COL signal at MIL
PMA ERROR
No figure. Time at which rxerror status changes to:ERROR.

This is anjgchive IEEE Standard. It has been superseded by a later version of this standard.
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23.11.2 Definitions of controlled parameters

PMA OUT

Figure 23-29. Time between PMA. UNITDATA request (tx_code vector) and the WAVEFORM
timing reference for cach of the three transmit channels TX: D1, BL D3, or Bl D4.

TEN_PMA

Figures 23-30, 31, and 32. Time between TX EN timing reference and MA _UNITDATA request
(tx code- vector).

TEN_CRS

Figure 23-30. Time between TX EN timing reference and the loopback of TX EN-to-CRS-as
measured at the CRS timing reference point.

NOT TEN_CRS

Figures 23-31'and 32. Time between NOT . TX EN timing reference and the loopback of TX EN
to CRS as measured at the NOT_CRS timing reference point. In the event of a.collision (COL is
raised at any point during a packet) the minimuni time for NOT_TEN_CRS may optionally be as
short as 0.

RX PMA CARRIER

Figure 23-33. Tinie between the WAVEFORM timing. reference, adjusted for pair skew, of first
pulse of a normal preamble (or first pulse of a preamble preceded by a link test pulse or a partial
link test pulse) and the: CARRIER. STATUS timing reference.

RX _CRS
Figure 23-33. Time between the WAVEFORM timing reference, adjusted for pair skew, of first
pulse-of a normal preamble (or first pulse of a preamble preceded by a link test pulse or a partial
link test pulse) and the CRS timing reference.

NOTE~—The input waveform used for this test is an ordinary T4 preamble, generated by a compliant T4
transmitter. As such; thedelay between the first and third pulses of the preamble (which are used by the car=
ricr sense logic) 18 very nearly 80 ns.

RX _NOT_CRS
For a data packet, the time between the WAVEFORM timing reference, adjusted for pair skew, of
the first pulse of copl, and the de-assertion of CRS. For a collision fragment, the time betweenthe

WAVEFORM timing reference, adjusted for pair skew, of the ternary symbol on pair TX D2,
which follows the last ternary data symbol received on pair RX D2, and the de-assertion of CRS,

Both are limited to the same value. Fora data packet, detection of the six ternary. symbols of ¢opol
is accomplished in the PCS layer: For a collision fragment, detection of the concluding seven
temary zerocs is accomplished in the PMA layer, and passed to the PCS in the form of the
carrier_status indication.

FAIRNESS

The: difference between RX NOT_ CRS at the conclusion of one packet and RX CRS on a
subsequent packet. The packets used in this test may arrive with an IPG anywhere in the range of
80 10160.

RX PMA DATA

Figure 23-33. Time between the WAVEFORM timing reference, adjusted for pair skew; of first
pulsc of a normal preamblc (or first pulsc-of a prcamble preceded by a link test pulsc or a partial
link test pulse) and the particular PMA_UNITDATA.indicate that transfers to the PCS the first
temary symbol of the first 6T code group from receive pair BI D3.

This is an Archive IEEE Standard. [t has been superseded by a later version of this stanggrd.
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EOP_CARRIER_STATUS

Figure 23-34. For a data packet, the time between the WAVEFORM timing reference, adjusted for
pair skew, of first pulse of copl and the NOT CARRIER._ STATUS timing reference:

EOC_CARRIER_STATUS

Figure 23-35. In the case of a colliding packet, the time between the WAVEFORM: timing
reference; ‘adjusted for pair skew, of the ternary symbol on pair RX D2, which follows the last
temary - data symbol received on pair RX D2 and the NOT CARRIER STATUS timing
reference.

RX RXDV

No figure. Time between WAVEFORM timing reference, adjusted for pair skew. of first pulse of
anormal preamble (or first pulse of a preamble preceded by a link test pulse or-a partial link test
pulse) and the RX DYV timing reference.

RX PMA ERROR

No figure. In the event of a preamble in error, the time between the WAVEFORM timing reference
adjusted for pair skew, of first pulse of that preamble (or first pulse of the preamble preceded by-a
lirik test pulse or a partial link test pulse), and the PMA ERROR timing reference.

RX_COL

No figure. In the event of a collision, the time between the WAVEFORM: timing: reference
adjusted for pair skew, of first pulse of a normal preamble (or first pulse:-of a preamble preceded
by a link test pulse or a partial link test pulse), and the COL timing reference.

RX_NOT_COL

No figure. In'the event of a collision in which the receive signal stops before the locally transmitted
signal, the time between the WAVEFORM timing reference adjusted forpair skew, of the ternary
symbol on pair RX_ D2, which follows the last ternary data symbol received on pair RX D2 and
the NOT - COL timing reference point.

TX_NOT COL

No figure. In the event of a collision in which the locally transmitted signal stops before the
received signal, the time between the NOT. TX EN timing reference and the loopback of TX. EN
to COL as measured at.the NOT COL timing reference point.

TX_SKEW

Greatest absolute difference between a) the waveform timing reference of the first pulse of a
preamble as ' measured on output pair TX D1; b) the waveform timing reference of the first pulse
of a preamble as measured onoutput pair Bl D3; and ¢) the waveform timing reference of the first
pulse of a preamble as measured -on-output pair Bl D4. Link test pulses, if present during the
measiirement, must be separated from the preamble by at least 100 termary symbols.

CRS PMA DATA

Time between the timing reference for. CARRIER STATUS - and - the transferral, via
PMA. UNITDATA indicate, of the first ternary symbol of the 6T code group marked DATAL in
figure 23-6.

COL_to BI D3/D4_OFF

No figure. In the case of a colliding packet, the time between the WAVE FORM timing reference,
adjusted for pair skew, of the first pulse of preamble (or the first pulse of the preamble preceded
by a link test pulse or a partial link test pulse) on RX D2, and the first ternary zero transmitted on
BI D3 and.on BI D4.

NOTE-=Subclause 23.4.1.2 mandates that transmission on pairs Bl D3 and BI D4 be halted in the event of & collision.

This is am#ychive IEEE Standard. It has been superseded by a later version of this standard.
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23.11.3 Table of required timing values

While in the LINK. PASS state, cach PHY timing parameter shall fall within the Low and High limits listed
in table 23-7. All units are in bit times. A bit time equals 10'ns.

Table 23-7—Required timing values

Controlled parameter Low limit (bits) High limit (bits) Comment

PMA_OUT 1 95

TEN. PMA +PMA. OUT 7 17.5

TEN_CRS 0 +4

NOT_TEN_CRS 0 36

RX. PMA. CARRIER 0 155

RX_CRS 0 275

RX_NOT_CRS 0 51.5

FAIRNESS 0 28

RX_PMA_DATA 67 90.5

EOP_CARRIER: STATUS 51 74.5

EOC_CARRIER  STATUS 3 505

RX _RXDV 81 1145

RX PMA: ERROR RX PMA: DATA RX PMA DATA +20 | Allowed Limits equal the actual
RX. PMA: DATA time for the
device under test plus from 0 to
20 BT

RX_COL 0 275 SAME-AS RX.CRS

RX_NOT_COL 0 515 SAME AS
RX NOT _CRS

TX NOT.COL 0 36

TX SKEW U 0.5

CRS_PMA_DATA 0 78.5

COL_to_BIL.D3/D4_OFF 0 40

This is an Archive IEEE Standard. It has been superseded by a later version of this stanggrd.
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PMA_UNITDATA request (tx_code_vector)

Succession:of

ternary-symbols o X 2 X

3 X t4

available to PMA

Typical 2x-oversampled
raw transmitter output —

Filtered output signal 1/2:nominal height

L

nominal_height

at MDI

<4  PMA_OUT —»

’\ WAVEFORM
timing reference point

Figure 23-29—PMA TRANSMIT timing while tx_code_vector = DATA

Timing refererice

& for TX_EN
TXCLK |
atMil -] \ \ I \ l l \ [ L
(zero length cable)
TX_EN
TXD[0:3] X _nibl X nib2 X X
octet formed \:\
from two nibblés i X__octet1 X

(tsr) Time spent
coding data First symbol
and preparing for of preamble

Succession PMA_UNITDATA request t 0
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Figure 23-30—PCS TRANSMIT timing at start of packet
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Figure 23-31—PCS TRANSMIT timing end -of normal packet
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Figure 23-32—PCS TRANSMIT timing end of colliding packet
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Figure 23-33—PMA RECEIVE timing start of packet
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Figure 23-34—PMA RECEIVE timing end of normal packet
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Figure 23-35—PMA RECEIVE timing end of colliding packet
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23.12 Protocol Implementation Conformance Statement (PICS) proforma for clause 23,
Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA) sublayer and
baseband medium, type 100BASE-T428

23.12.1 Introduction
The supplier of a protocol implementation that is claimed to conform to clause 23, Physical Coding Sublayer
(PCS), Physical Medium Attachment (PMA) sublayer and baseband medium, type 100BASE-T4, shall com-

plete the following Protocol Implementation Conformance Statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing the
PICS proflorma; can be fouiid in ¢clavse 21.

23.12.2 ldentification

23.12.2.1 Implementation identification

Supplier

Contact point for enquiries-about the PICS

Implementation Name(s) and Version(s)

Othier information necessary for full identification—e.g.,
namé(s) and version(s) for machines -and/or opcerati