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IEEE Standards documents ar¢ developed within the Technical Committecs of the TEEE Societies
and the Standards Coordinating Comiittees of the IEEE Standards Béard. Members of the com-
mittees serve voluntarily and without compensation. They are not necessatily 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 réasonable to conclude that its contents,
although still of some value, do not wholly reflect the present state of the art, Users are cautioned to
check to determine that they have the latest edition of any IEEE Standard.

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

Interpretations: - Occasionally questions may arise regarding the meaning of pottions of standards as
they relate to specific applications. When the need for interpretations 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 inlerests; il -is important (o ensure. that any interpretation has
also received the concurrence of a balance of interests. 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 shiould 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 ot 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 - portions of any individual standard for internal or personal use is
granted by the Institute of Electrical and Electronics Engineers, In¢.; 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 ¢lass-
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 cofrécted to ANSI/EIA/TIA 526-14-1990.. [Note that
Surther updates to annex 4 can be found in ISO/TEC 8802-3: 1996./

Page 32: In the 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> <= 1110” 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
“aAutoNegAdvertisedTechnology 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.

Nole that additional corrections are under consideration, and that some yreference documents have been
updated. Thesewill be included in fiiture 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 metropolitan area networks. The relationship
between the standard and other members of the family is shown below. (The numbers in: the figure refer to

1EEE standard numbers.)
- L
x
3 802.2 LOGICAL LINK'CONTROL
b
=]
x| DATA
& 802.1 BRIDGING LINK
LAYER

802.3 802.4 8025 802.6 802.9 802:11 802,12
MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM
ACCESS ACCESS ACCESS ACCESS ACCESS ACCESS ACCESS

802 OVERVIEW & ARCHITECTURE*
802.1 MANAGEMENT

802.3 802:4 8025 802.6 8029 802.11 802.12 PHYSICAL
PHYSICAL| - [PHYSICAL| - [PHYSICAL| - |PHYSICAL| |PHYSICAL| - |PHYSICAL| |PHYSICAL LAYER

*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 7498: 1984).
The access standards define several types of medium’ access-technologics and -associated physical media;
cach appropriate for particular applications or system-objectives. Other types are under investigation.

The standards defining the technologies noted above are as follows:

« [EEE Std 802" Overview and Architecture. This standard provides an'over-
view to the family of IEEE 802 Standards. This document
forms part of the 802.1 scope of work.

+ ANSI/IEEE Std 802.1B LAN/MAN Management. Defines an Open Systems
[ISO/IEC 15802-2]: Interconnection (OST) 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 LLANs 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 L. ANs.

IThe 802 Architecture and Overview standard, originally known as IEEE Std -802.1A, has been renumbered as IEEE: Std 802, This has
been done to accommiodate recognition of the base standard in a family of standards. References to [EEE Std 802 1A should be-consid-
ered as references to IEEE Std 802.

This is aniArchive IEEE Standard. It has been superseded by a later version of this standard.
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+ ANSI/IEEE Std 802.2 [ISO/AEC 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

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

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

« [EEE Std 802.10: Interoperable LAN/MAN Security, Currently approved:
Secure Data Exchange (SDE)

+ [EEE802.12: Demand Priority Access- Method/Physical Layer Specifications

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

Layer technology:

« [EEE Std 802.7: IEEE Recommended Practice for Broadband Local Area

Networks

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

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

« [EEE 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
conformarice ‘test methodology documents for the 802 family of standards. Thus the conformance test
documents for 802 .3 ar¢ numbered 1802.3, the conformance test documents for 802.5 will be 1802.5,-and so
on. Similatly, ISO will use 18802 to number conformance test standards for 8802 standards.

This is an Archive I[EEE Standard. It 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 10BASE-F
(Clauses 15-18)

— TEEE Std 802.3k-1992. Layer Management for 10 Mb/s Baseband Repeaters (Clatise- 19)

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

— IEEE Std 802.3p-1993 ‘and 1EEE Std 802:3q-1993; Guidelines. for the Development: of Managed
Objects (GDMO) (ISO/MIEC  10165-4) Format for Layer-Managed Objects (Clause 5) and Layer
Management for 10 Mb/s Baseband Medium Attachment Units (MAUSs) (Clause 20)

— IEEE Std 1802.3d-1993; Type 10BASE-T Medium Attachment Unit (MAU) (Conformance Test
Meéthodology (Clause 6)

At the time this standard was published, there was revision and supplementary -material -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 amount of the above material. Information on the current state of this and other IEEE
802 standards may be obtained from

Secretary, 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 license on these patents
on reasonable and nondiscriminatory terms to anyone wishing to obtain such a license. The undertakings of
these companics in this respect are:on file with the IEEE Standards Department; and the license details may
be obtained by contacting the Standards Departient.

This is anyfrchive [EEE Standard. It has been superseded by a later version of this standard.
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Participants
When the IEEE 802.3 Working Group apptroved IEEE Std 802.3u-1995, it had the following membership:

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

Maitin Adanis Walter Hurwitzf Willianm Quackenbush
Don Aelmore Emie Jensen Thomas I. 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 Deiinis Rehm
Denis Beaudoin Yongbum Kim Victor Renteria
Larry Birenbaun* Stinivas Kola Sean Riley

Mark Bohrer Josef Kozilek Gary Robinson
Paul Booth* George Kuboveik Khosrow Sadeghi
Samuel Bourche Hans Lackner David Schwartz
David Bourque Erik 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 Paramject (P. J.) Singh
Kiwon Chang Chan-De Lin Dinah Sloan
Samuel Chang Chang-Chi Liu Tom Slykhouse
Howard Charney Terry Lockyer Michael Smith
Hon Wah Chin Ken Lu Dror Sofer
Jacques Christ Andy J. Luque Gregory Somer
Ronald J. Cooper Brian MacLeod ‘Walter Sotelo
Ron:Crane Kenneth MacLeod Peter Staub

Ian Crayford* Joseph Mazor Ron Sulyma
Robert Curtis Mike McConnell Daniel Sze
Bermard Daines John Mc¢Cool Martin Takessian
Sean Dingmar Tiny McShane Wen-Tsung Tang
Thuyen Dinh Mart 1. Molle Tim Teckman
Dan Dove Shithon 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 J. Michael O’Connor Yun-Che Wang
Jiii 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 member at the time of ballot

This is an Archive IEEE Standard. It has been superseded by a later version of this standgyd.
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When the TEEE Standatds Board approved this standard on June 14 1995, it had the following membership:

E..G. “Al” Kiener; Chair
Andrew G. Salem, Secretary

RichardJ. Holleman
Jim Isaak

Ben C: Johnson

Sonny Kasturi
Lorraine C. Kevra
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Kristin M. Dittmann
IEEE Standards Project Editor

This is an Archive IEEE Standard. It has been superseded by a later version of this standgrd.
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2334 PMA CARRIERANAICATE ..ol iois i st e sbs i st s 102
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24, Physical Coditig Sublayer (PCS)-and Physical Medium Attachmient (PMA) sublayer,

tYPE LOOBASE-X i i it e b oo e 0 s o o e 157
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2442 Mcdium Dependent Interface (MDY oo s bt s 187

24.5  Compatibility CONSIACTALIONS ..o i i i i e e i es s i et e e oo 187
246 DELAY CONSTIAINTS 1i. iruiuiiiuivives isaisin s s dd s et s ss 4 bbb 0 S s s 188
24.6.1 - PHY delay constraints (€Xposed MIL) .o i 188

24.6.2  DTE delay constraints: (uneXposed MIL) ... i i s sis it oo 188

2463 - Carricr de-assertion/assertion CONSTEAINT .. .....iivimiiiiivi it s siviisvainsiiis ... 188

24.7  Environmental SPECHICAtIONS ...ivviiiinis it iivsin s svivssvasns it aias v i e 188

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

D-Link-1007
Page 13 (of 415)


3djc
Sticky Note
None set by 3djc

3djc
Sticky Note
MigrationNone set by 3djc

3djc
Sticky Note
Unmarked set by 3djc

V
Rectangle


CLAUSE

PAGE
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2481 INEOAUICHIONN it i i sy w3 B 455 S5 S B e
24.8.2  Identification
24.8.3  PICS proforma tables for the Physical Coding Sublayer (PCS) and
Physical Medium Attachment (PMA) sublayer, type 100BASE-X.......ccoouviiviini 191
25, Physical Medium Dependent (PMD) sublayer and baseband medium, type 100BASE-TX ..........c... 193
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254 Specific requirements and exceptions
25.4.1  Changeto 7.2.3.1.1, “Line State patterns™ ... ... i i o ens 194
25.4.2 - Change to 7.2.3.3, “Loss of SyNChrOmzZation’™ ... i 194
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25.54 - PICS proforma tables for the Physical Medium Dependent (PMD) sublayer
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26. - Physical Medium Dependent (PMD) sublayer and baseband medium;, type 100BASE-FX ... 199
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262 Functional SpecifiCationNS ... i i i v el e i et e 199
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26:4.1 - Medium Dependent Interface (IMDI) ..o it s s 200
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26.5 - Protocol Implementation Conformance Statement (PICS) proforma for clause 26,

This is an Archive IEEE Standard. It has been superseded by a later version of this stanggrd.
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26.5.5  PICS proforma tables for Physical Medium Dependent (PMD) sublayer

and baseband medium,; type 100BASE-FX ..o o 202
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IEEE Standards for Local and Metropolitan Area Networks:

Supplement to Carrier Sense Mulliple 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 IBQVIET S8G2-3 + 1993 [ANSUIEEE Std 802.3, 1993 Bdition] {and supplements 8023~
1993, BO2.3K-1002, ROD 31007, and 882 Apdrge 1003 affert clammes 1,2, 4, 5 14, 19, 20, Annex A, and Aswsen D These
chasges west also be applied to the 1955 edition of ISOVIEC 88023, which will incorporate 2l the supplements.
Z"The text as shown twdudes editorial changes that aconmencdate recent changes to the IEBE syle,
3--Editing instrnctions are shown in beld faliv typs. Where modifications sre made to paragroples of exiating text, dele-
tlons are shown i stethethrough-tupe aud sdditions are nndenscored. Fditorial notes will aot be carmied over tnte foture
editinns.

Replace figure 1-1 with the following:

08}
REFERENCE LAN
BMODEL CRMALE
LAYERS LAYERS
APPLICATION HIGHER LAYERS
FRESENTATION LLCWLO(‘ !CAL LéM( FON}"QQL
BESSION
TRANSPORT
NETWORK
DATA LINK PHY
PHYBICAL
1 Mbis, 10 Mbis iﬁ} Mblq 108 Mbis
ALK = ATTACHBMENT UNIT INTERFALE PLE = PHYSICAL LAYER BIGNALING
R = MEDIUM DEPENDENT INTERPACZE PLS = PHYRICAL CODING SUBLAYER
BAH = MEDIA INDEPENDENT INTERFACE PRA = PHYSICAL MEDIUM ATTACHMENT
WAL = MEDIUM ATTACHMENT UNIT PHY = PHYRICAL LAYER DEVICE

PMD = PHYSICAL MEDIUM DEPENDENT

NOTE—The throe types of layers below the MAC sublayver are muiually independent.
* A is opBonsd for 10 Mbs systems and is not specified for 1 Mbds and 100 Mb/s systems.
7 Jilt is optional for 10 Mbis DTEs and by 100 Mivs systems and s not specified k1 MYs systems.
o+ 2D & specified for 1D0BASE-X only; 100BARE.- T4 does not use this layer.
For an exposed AU resiling below an MH, see 325

Figure 1-1—LAN standard relationship 1o the IS0 Opens Systems Interconneclion
{08} reference mode!

This s an Archive IEEE Slandard. I has been superseded by a ater version of this standard.
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IEEE
Std 802:3u-1995 SUPPLEMENT TO 802.3:

Change 1.1.1 to read as follows:

The Carrier Sense Multiple Access with Collision Detection (CSMA/CD) miedia 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 inmtiating a transmission, the message collides with that of another station,
then each transmitting ‘station intentionally sends-a—few additional bytes transmits for an additional pre-
defined 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 comprehiensive standard for Local Area Nelworks employing CSMA/CD as (he access method.
This standard is:intended to encompass several media types and techniques for signal rates of from 1 Mb/s to
QG—Mb#s 100 Mb/s Th]s edition of the standard prov1des the necessary specifications for 10-Mb/s-baseband

and-sy ! pit- three families of systems: a 1 Mb/s
baseband system, 10 Mb/s baseband and broadband systems; and 2100 Mb/s baseband system.

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

a) - Medium Dependent Interfaces (MDI). To communicate in a compatible manner; 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 LL.C sublayer and the MAC sublayer should not be taken as
detracting from this point; comimunication by way of the ISO/IEC 8802-3 [ANSI/IEEE Std 802.3]
Local Area Network requires complete compatibility at the Physical Medium interface (that is; the
coaxial physical cable interface).

b) - Attachment Unit Interface (AUL). Tt is anticipated that most DTEs will be located some distance from
their connection to the eeaxial physical cable. A small amount of circuitry will exist in the Medium
Attachment Unit (MAU) directly adjacent to the coaxial physical cable; while the majority of the
hardware and all of the software will be placed within the DTE. The AUI'is defined as a second com-
patibility interface. While conformance with this interface is not strictly necessary to ensure commu-
nication, it is highly recommended, since it ‘allows maximuni flexibility in intermixing MAUSs and
DTEs. The AUT 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 o its intercon-
necling AUI cable. The PLS and PMA aie (hen partof a single unil, and no explicilt AUT imnplemen-
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 MII is 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 maximumni 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 TEC and
ISO maintain registers of curtently valid Intérnational 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 CD 9314-9).

ANSI X3.263: 1995, Revision 2.2 (1 March 1995), FDDI Twisted Pair—Physical Medium Dependent (TP-
PMD) (ISO/IEC CD 9314-10).

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 ‘measurenment ‘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 diameter of outer conduc-
tor 7 mm (0.276 in) with screw coupling—Characteristic impedence 50 ohms (75 ohms) (Type N).

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

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 fibtes, Part 1: Generic specification.

TIEC 793-2: 1989, Optical fibres, Part.2: Product speciﬁcations.5

IEC 794-1: 1993, Optical fibre ¢ables, Part 1: Generic spécification.
IEC 794-2: 1989, Optical fibre cables, Patt 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 metal shells and round contacts—Fixed
solder contact types.

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

ICISPR docuiments are: availablé from the Tritsrnational Electrotechnical Commission, 3 rue de Varembé, Case: Postale 131, CH 1211,
Geneve 20, Switzerland/Suisse. CISPR documents ‘are also -available in the United States from the Sales Departiment, American
National Standards Institute; 11 West-42nd Street, 13th Floor, New York, N'Y 10036, USA.

2[EC publications are available from International Electrotechnical Commission: IEC publications are also ‘available in the United
Stales {rom the American Nalional Standards Insitute:

3IEC 380: 1985 was withdrawn in 1991 Tt has been replaced by IEC 950: 1991.
HEC 435: 1983 was withdrawn in' 1991 It has been replaced by TEC 950: 1991.

Ssubclause 9:9'is to be read with the understandinig that the following changes to TEC 793-2: 1989-have been requested: a) Correction of
the numerical aperture tolerance intable 111 to +0.015;-and b).Addition of another bandwidth category of 150 MHz referred to 1 kmy; for
the type A 1b fibre in table TIL

This is an Archive I[EEE Standard. It has been superseded by a later version of this standayd.
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TEC 874-1: 1993, Connectors for optical fibres and cables, Part 1: Generic specification.

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

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

1IEC 1076-3-101: 1995 [48B Secretariat 276], Detail specification for a range of shi¢lded connectors with
trapezoidal shaped shells and nonremovable rectangular contacts ona 1.27 x 2.54 millimeter centerline.”

IEEE Std 802-1990, TEEE Standards for Local and Metropolitan Area Networks: Overview and Architecture
(ANSD).3

IEEE Std 802.1F=1993; IEEE Standards for Local and Metropolitan Arca 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).

ISO/IEC 8825::1990, Information technology—Open Systems. Interconnection—Specification of Basic
Encoding Rules [or Abstract Sytitax Notation One (ASN:1).

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

1SO9314-2: 1989, Information processing  systems—Fibre Distributed Data: Interface (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).

ISO/MIEC 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 informa-
tion seérvices—Structure of management information—Management Information Model.

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

SIEC 950: 1991 replaces IEC 380: 1985 and 435: 1983.
TPreséntly this is a-comtnittes draft.

SIREE publications are available from the Institute of Electrical and. Electronics: Enginigers, Service Center;: 445 Hoes Lane, P.O: Box
1331, Piscataway, NJ 0885521331, USA.

91SO and ISOMIEC publications ‘are: available from the. International ‘Organization for Standardization, Case-Postale 356, 1 rue de
Varembe; CH-1211, Geneve 20; Switzerland/Suisse: They are:also available in the United States from the American National Standards
Institute:

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

D-Link-1007
Page 21 (of 415)


3djc
Sticky Note
None set by 3djc

3djc
Sticky Note
MigrationNone set by 3djc

3djc
Sticky Note
Unmarked set by 3djc

V
Rectangle


IEEE
CSMA/CD Std 802.3u~1995

ISO/IEC 10165-4:1992, Information technology—Open. Systems Interconnection—Management informa-
tion services—Structure of management. information—Part 4: Guidelings for the definition of managed
objects.

ISO/IEC 7498-4: 1989, Informiation 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 S and T.

ISO/IEC 9646-1: 1994, Information technology—0Open -Systems. Interconnection—Conformance - testing
methodology and framework—Part 1: General concepts:

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

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

ISO/IEC 11801: 1995, Information technology—Generic cabling for customer premises.

NOTE~—Local 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 no international standard-equivalent exists. Reference to such
local-or national standards may be useful resource material and are located in antiex A.

1.4 Definitions

EDITORIAL NOTE—The definitions: subclauses within several clauses of ISO/IEC 8802-3 are. consolidated i 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. (Sée 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. (Se¢e 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 ovet 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 MDI of the ISO 9314 group of standards developed by ASC X3T12 (FDDI). (See IEEE
8023 clause 24.)

1:4.6 10BASE2: 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.¢e., thicknet). (See IEEE 802 .3 clause 8.)

This is an Archive |[EEE Standard. It has been superseded by a later version of this standayd.
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1.4.8 10BASE-F: IEEE 802.3 Physical Layer specification for-a 10 Mb/s CSMA/CD L AN over fiber optic
cable. (See IEEE 802.3 clause 15.)

1.4.9 10BASE-FB port: A port on a repcater that contains an intcrnal 10BASE-FB Mcdium: Attachment
Unit (MAU) that can connect toa 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-FB potts 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 MAUs. (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 from which it was received). A 10BASE-FP Stat is
typically comprised of a passive-star coupler, fiberoptic connectors; and a suitable mechanical housing: (See
IEEE 802.3, 16.5.)

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

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

1.4.16 1BASES: IEEE 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. (See IEEE 802.3,
28.2.1.2.2.)

1.4.20 agent code: A term used to refer to network 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 aré those nodes that
contain a network management entity (NME), which can be used to configure the node and/or ¢ollect data
describing operation of that node. The agent is controlled by a network control host or manager that:contains
both an NME and network managenient application (NMA) software to control the operations of agents.
Agents include systems that suppott user applications as well as nodes that provide communications services
such as front-end processors. bridges, and routets. (See IEEE 802:3 clause 30.)

This is argArchive [EEE 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 AUT carries encoded signals and provides
for duplex data transmission. (See TEEE 802.3 clauses 7 and 8.)

1.4.24 Auto-Negotiation: The algorithm that allows two devices at either end of a link segment o negotiate
common data:service functions. (See IEEE 802.3 clause 28.)

1.4.25 balanced cable: A cable consisting of one or more metallic symmetrical cable elements (twisted
pairs ot 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.
(Sec 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 directly 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 electrical state of the transmission line 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 (CD0 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, 100BASE-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 103 s or 10 ns.

1.4.34 BR/2: One half of th¢ BR in Hertz.
1.4.35 branch cable: In I0BROAD36, the AUT cable interconnecting the DTE and MAU system components.

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

1.4.37 Broadband LAN: A local area network in which' information is transmitted on modulated ¢artiers,
allowing coexistence of multiple simultaneous setvices ona 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
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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 area 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 are currently trans-
mifting.

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.e.; performance méets 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, TEEE 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 11801: 1995, IEEE :802.3 ¢lause 23
specifies additional requirements for these cables 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 ate .specified up to 100 MHz (i.¢., petformance meets the
requirements of a Class D link as per ISO/IEC 11801:1995). In addition to the requirements outlined in
ISO/IEC 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. (See TEEE 802.3 clause 11.)

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

1.4.45 channel: A band of frequencies dedicated to-a certain service transmitted on the broadband medium:.
(Sce IEEE 802:3 clausc 11.)

1:4.46 circuit: The physical medium on which signals are carried across the-AUI for 10BASE-T or MII (for
100BASE-T). For 10BASE-T, the data and control circuits consist of an A circuit and a B circuit forming a
balanced transmission system so that the signal carrier on the B Circuit is the inverse of the signal carried on
the A circuit.

1.447 Class I repeater: A typc of 100BASE-T rcpcater sct with intcrnal dclay such that only onc repcater
set may éxist between any two DTEs within a single collision domain when. two: maximum length copper
cable segments are used. (See IEEE 802.3 ¢lause 27.)

1.4.48 Class IL repeater: A type of IEEE 802.3 100BASE-T repeater set with internal delay such that only
two ot 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 clause 12.)

1.4.50 Clocked Data Zero (CD0): 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.)
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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 cell; and a transition from HI to LO at the end of the bit c¢ll. (See IEEE
802.3 clause 12.)

1.4.52 Clocked Violation LO (CVL): A symbol that deliberately violates Manchester-encoding rules; used
as-a part of the Collision Presence signal. A CVL: is encoded as a transition from HI to LO 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 ¢lectrical and mechanical intetface to the shared coaxial cable: medium
either contained within or.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 ¢achend 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 (center conductor, shicld 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 more 10BASE-FB optical transmis-
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 actoss 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
in the 100BASE-X PCS. (See IEEE 802.3 clause 24.)

1.4.59 code-group: For IEEE 802.3; a set of encoded symbols representing encoded data or control infor-
mation. For 100BASE-T4, a set of six ternary symbols that, ' when representing data, conveys an octet. (Sce
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 différent colli-
sion‘domains.

1.4.61 collision presence: A signal generated within the Physical Layer by an end station or hub to indicate
that multiple stations are contending for access to the transmission-mediuni: (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 ¢ollision domain:

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

1:4.64 compatibility interfaces: The MDI cable, the AUI branch cable, and the MII; the three points at

which hardware compatibility is defined to allow connection of independently designed and manufactured
components to-a baseband transmission medium: (See IEEE 802.3 ¢lause 8.)
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1.4.65 continuous wave (CW): A carrier that is not modulated or switched.

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

1.4.67 Contiol Signal Zero (CS0): Anencoded control signal used on the Control In and Control Out:¢ir-
cuits. A CSOis encoded as a signal at the bit rate (BR). (See IEEE 802.3 ¢lause 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 consists 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 instantancous algebraic difference between the potential of two sig-
nals applied to-the two sides of a balanced circuit. Also-called metallic voltage in the telephonie industry.

1.4.74 drop cable: In 10BROAD36, the small diameter flexible coaxial cable of the broadband medium that
connects to-a MAU. (See: trunk cable.)

1.4.75 eight-pin modular: An cight-wire connector. (From ISO/IEC 8877: 1992.)

1.4.76 End-of-Stream Déelimiter (ESD): A code-group pattern used to terminate a normal data transmis-
sion. For 100BASE-T4, the ESD is indicated by the transmission of five predefined temary code-groups
named eopl-5. (See IEEE 802.3 clause 23.) For 100BASE-X; the ESD is indicated by the transmission of
the code-group /T/R. (See [EEE 8023 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-ting LAN standard
(ANSI 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-Repeater Link Segment (FOIRL: Segment): A fiber optic link segment provid-
it1g a poini-lo-poiil contieclion betweer two FOIRL MAUS or between one FOIRL MAU and ori¢ 10BASE-
FL. MAU. See: link segment.
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1.4.83 Fiber Optic Medium Attachment Unit (FOMAU): A MAU for fiber applications. (Sec IEEE 802.3
clause 9.)

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

1.4.85 Fiber Optic Physical Medium Attachment (FOPMA): For 10BASE-F, the portion 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 micet or exceed IEEE 802.3; 15.3.2.1 and 15.3.2.2, réspectively. (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 sequence of FLP Bursts transmitted by the Local Station. This term is
intended to differentiate the spacing between FLP Bursts from the individual pulse spacings within an FLP
Burst. (See 1EEE 802.3 clause 28.)

1.4.89 FOIRL collision: For 10BASE-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 AUl (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.)

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

1.4:92 FOMAU’s Transmit Optical Fiber: For 10BASE-F, the optical fiber into which the local FOMAU
transmits signals. (See IEEE 802.3 clause 9:)

1:4.93 full duplex: A type-of networking that suppoits duplex transmission as defined in IEEE. Std 610.7-
1995 [Al6]. Although sonie types of full-duplex networking are popularly referred to as Ethernct because
they use the 1EEE 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 10BROAD?36, 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 of
frequency over-a band of frequencies. (See IEEE 802.3 clause 11.)

1.4.96 headénd: In I0BROAD36, the location in a broadband system that serves as the root for the branch=
ing tree-comprising the physical mediuni; the point to which all inbound signals-converge ‘and the point from
which all.outbound signals emanate. (See 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-
(ed (o it by lower level hubs or DTEs such that they can be received by all DTEs thal may be conmecied (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 perform: 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 theend of a frame and ceases to exist after the next LO or HI transition on thie AUT or MII ¢ircuits. An
IDL always 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 [A16].)

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 packels intended (o provide
intetrframe recovery time for other CSMA/CD sublayers and. for the Physical Mediim.. (See TEEE 802.3,
4.2.3.2.1 :and 4.2.3.2.2.y For example, for 10BASE-T; the IPG is 9.6 s (96 bit tiines); for T00BASE-T, the
PG is 0.96 os (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.¢., jabber.)

1.4.105 jabber: A condition wherein 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-
nerdevice may be either a DTE or a repeater. (See IEEE 802.3 ¢lause 28.)

1.4.109 link pulse: Comniunication mechanisnt used in 10BASE-T and 100BASE-T networks to: indicate
link status and (in Auto-Negotiation-equipped. devices) to communicate information -about abilities and
negotiate communication methods: 10BASE-T uses Normal Link Pulses (NLPs), which indicate link status
only. 10BASE-T and 100BASE-T nodes equipped with Auto-Negotiation exchange information using a Fast
Link Pulse (FLP) 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 medium 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 includc the delays associatcd with attachced cnd stations and/or rcpeat-
ers. (See IEEE 802.3, 29.3))

1.4.112 local ability: See: ability.

This is anjsrchive IEEE Standard. 1t 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 cither 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. (Sce IEEE 802.3 clause 22.)

1.4.116 Medium Attachment Unit (MAU): A device containing an-AUI, PMA and MDI that is nsed 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 1IEEE 802.3 clause 28.)

1.4.119 Message Page (MP): An Auto-Negotiation 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 tepository of information to describe the operation of a
specific network device.

1.4.121 mixing segment: A medium 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 agénts:

1.4.123 Next Page Algorithm (NPA): The algorithm that governs Next Page communication. (Se¢ 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. (S¢e IEEE 802.3 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 databits. The unit of data exchange on the MIL (Sec IEEE 802 .3 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 TEEE 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 igure 14-12.)

1.4.130 NRZI-bit: A code-bit transferred in NRZI format. The unit of data passed across the PMD: setvice
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, 1SO 9314-2: 1989, 1SO 9314-3: 1989) where a polarity transition répresents 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 cable 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 ¢ircuit. (See IEEE 802.3 ¢lause 9.)

1.4.137 Optical Interface: The optical input and output connection interface to a 10BASE-FP Star. (See
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 ¢ncoding (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 sequence 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 802.3 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 Segment Delay Values for all segments along-a given path.
(See IEEE 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 8023 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 amérchive 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 ¢an be transmitted over the physi-
cal medium. Two PCS structures are defined for 100BASE-T—ong¢ for 100BASE-X and one for 100BASE-
T4. (See IEEE802.3 clauses 23 and 24.)

1.4.149 Physical Layer-entity (PHY): The portion of the Physical Layer between the MDIand MII consist-
ing of the PCS,; PMA; and, if present, PMD sublayers. The PHY contains the functions that transmit; receive;
and ‘manage the encoded 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 the Physical Layer that contains
the functions for transmission, collision detection, reception, and (in the case of 100BASE-T4) clock recov-
ety and skew alignmiént. (See IEEE 802.3 ¢lauses 23 and 24.)

1.4.151 Physical Medium Dependent (PMD) sublayer: In I00BASE-X, that portion of the Physical Layer
respoiisible: 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 Layet contained
within the DTE that provides the logical and funictional 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 10BROAD36; the bit pattern appended after the last bit of the Frame: Check
Sequence by the MAU. The Broadband End-of-Frame Delimiter (BEOFD). (See IEEE802.3 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 com-
mon dénominator to the lowest common denominator. (See IEEE 802.3 clause 28.)

1:4.156 quad: See: star quad.

1.4.157 Reconciliation Sublayer (RS): A 100BASE-T mapping function that reconciles the sigrals at the
MII to the MAC-PLS service definitions. (See IEEE 802.3 ¢clauise 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 opérational receive link. (See IEEE 802.3 clause 28.)

1.4.159 renegotiation: Restart of the Auto-Negotiation algorithm 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.; AUIs, MIIS).

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

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
(he tiorinal daia aud collisioii signals. For wired star (opologies; repealters provide a dala distributioin futic-
tion. In 100BASE-T, a device that allows the interconnection of 100BASE-T Physical Layer network
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segments using similar or dissimilar PHY implementations (¢.g., 100BASE-X to 100BASE-X; I00BASE-X
to 1T00BASE-T4, ¢tc.): (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 in-a broadband system. (Sec 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 10BROAD?36, the 23 bits residing in the scrambler shift register prior to the transmission of
apacket. (Sce 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 repeatet) for 10 Mb/s CSMA/CD networks. The SV Vs for dif-
ferent segment types are specified in IEEE 802.3 table 13-3. (Se¢ 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 field in the Base Link Code Word encoding that is used to encode up to 32
types of messages that define basic abilities. For éxample, 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 consists ol more than two
DTEs so that the total network bandwidth is shared among theni.

1.4.172 shielded twisted-pair (STP) cable: An électrically conducting cable, comprising one:or more ¢le-
ments; each of which is individually shielded. There may be an overall shield; in which case the cable is
referred to as shielded twisted pair cable with an overall shield. (From ISO/IEC 11801: 1995.) Specifically
for IEEE 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/ZIEC 11801: 1995). In addition to the
requirements specified in ISO/IEC 11801: 1995, 1EEE 802.3 clauses 23 and 25 provide additional perfor-
mance requirements for 100BA SE-T operation over STP.

1.4.173 Simplex Fiber Optic¢ Link Segment: A single fiber path between two MAUSs or PHYs, including
the terminating connectors, consisting of one or-more fibers joined serially ‘with approptiate 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 more segments of twisted pair cable joined serially with appropriate connection devices, for exams-
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 propagatced
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 between the
wavelengths at which the spectral radiant intensity is 50% of the maximum. (See IEEE 802.3 clause 15.)
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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 transniission pait. Note—Cables containing ‘star-quads-can bé used inter-
changeably with cables consisting of pairs, provided  the electrical 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 (on¢ per wire pair) indicating the ‘positions of the first data code-group on ¢ach 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 or prepended to it to facilitate transfer through
the PMA. Any cotwersion 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 ar¢ unique to the coding
system employed. 100BASE-T4 uses ternaty symbols; 10BASE-T and 100BASE-X use binary symbols or
code bits.

1.4.183 symbol rate (SR): The total number of symbols pet 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 megabaud.

1.4.184 symbol time (ST): The duration of one 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 ¢ight-bit ficld in the Auto-Negotiation base page that is used to indi-
cate the abilitics of a local station, such as support for 10BASE-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 spectrumto a specified frequency band.

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

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

1.4.191 twisted-pair cable: A bundle of multiple twisted pairs within a 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.)
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1.4.193 twisted-pair link segment: In 100BASE-T, a twisted-pair link for connecting two PHYs.

1.4.194 twisted pair: A cable element 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. (See IEEE 802.3;
28.2.1.2)

1.4.196 unshielded twisted-pair cable (UTP): An electrically conducting cable, comprising one or more
pairs, none of which is shielded. There may be-an overall shield, in which case the cable is referred to as

unshielded twisted pair with overall shield. (From ISO/IEC 11801:1995.)

1.4.197 weight of 6T code group: The algebraic sum 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
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2. MAC service specification

Replace figure 2-1with the following:

osl
REFERENCE LAN
MODEL CSMA/CD
LAYERS LAYERS
HIGHER LAYERS
APPLICATION
PRESENTATION / LLC—LOGICAL LINK CONTROL
SESSION / MAC—MEDIA ACCESS CONTROL i
TRANSPORT i/ | | RECONCILIATION | | RECONCILIATION
NETWORK
DATA LINK e PHY
soal | AU {] PMA | PMA | ~*PMD
PHYSICA MDI —»] mDl —»] | MDI—»] |
Z MED|UM§ 2 MEDIUM S MEDIUM <
1 Mbls, 10 Mbls 10 Mb/s 100 Mbis

AUI'=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 sublayer are mutually independent

*.AUl'is optional for 10 Mb/s systems and is not specified for 1 Mb/s and 100 Mb/s:systems.
** Ml 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 100BASE-X only; 100BASE-T4 does not use this layer.
For:an exposed AUl residing below an M|, 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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Std 802 21885 SUPPLEMENT TO 82,3

4. Media Access Control
Replace figure 4-1 with the following:

st '
‘ o LAN
REFERENCE CIMALD
ODEL LAYERR
LAYERS -
PR HIGHER LAYERS
PRESENTATION LC—L DGICAL LINK CONTROL
SESRION SRR 3§ \\.x.,\.,\,, S
TRANSPORT :
R o __n__ W ]
N
NETWORK /- PCS 3
DARLINK |/ AU > AU g 17T PMA 7 PHY
e I TN CUEMD )
— v
PHYSICAL MDl ] I~ R I > T~ N
ZMEDUMZ < wEDIUM < MEDIUM <
3 Wbis, 10 Mis 10 Mbis 150 Mbxis

PLS = PHYSICAL LAYER SIGNALING
BCS = PHYSICAL CODING SUBLAYER
PRA = PHYSICAL MEDIUM ATTACHMENT
PHY = PHYSICAL LAYER DEVICE

PRD = PHY SICAL MEDILR DEPENDENT

AL = ATTACHMENT UNIT INTERFACE
MO = MEDIUM DEPERDENT INTERFALE
83 = MEDIA INDEPENDENT INTERFACE
MALL = MEDHIM ATTACHMENT UNIT

NOTE-—The thres ypes of lapers balow the MAC sublayer are mutually ndependent.

* AL s options! for 10 Mbfs systems and is not spedified for 1 Mbis and 100 Mbfs systems.
** 34 is optional for 10 Mis DTEs and bor 180 Mbis systems and 5 not spedified foe 1 Bbds systems.
= PRD s specified for HOBBASE-X only, 1DBBASE-T4 does naol use this loyer.
For an exposed AU residing below an M, see 225

Figure 4-1—MAC sublayer partitioning, relationship to the 180 Open Systems
Interconnection {08 reference model

Add o 4.4.2 the following suliclouse:
4.4.2.3 Parameterized values

The following parmmeter valuies shall be used for 100 kb mnplementations:

WARNDG—

Parameters Values
st Time 513 it thmaes
aterFramelap .96 ps
attenyptlimit 131
backoffLimd 1€
jamSize 3% bits
mranPranieSize 1518 ootts
minFrameRize 512 bits {04 notets}
addressBize 4% bits

Any devintion Bom the shove specified valnes may affect proper operaticn of the network.

This s ampagrchive IEEE Slandard. I has been superseded by a ater version of this standard.

D-Link-1007
Page 37 (of 415)


3djc
Sticky Note
None set by 3djc

3djc
Sticky Note
MigrationNone set by 3djc

3djc
Sticky Note
Unmarked set by 3djc

V
Rectangle


IEEE
CSMA/CD Std 802.3u~1995

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 [ANSI/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:

h) - Aulo-Negoliation. Optionally provides the capabilily [or a device al one end of a link segimient (o
advertise its abilities to the device at the other-end (its link partner); to detect information defining
the abilities of the link paitner;-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 Aufo-Negotiation
algorithm:shall be implemented in accordance with clause 28.

Addto 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. Fora MAU that does not implement
the Auto-Negotiation algorithm defined in ¢clause 28, it is highly re¢commended 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 implements the Auto-Negotiation function defined in clause 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 "link status=FAIL’ is added to the LINK TEST FAIL RESET state. Note thése 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 nicasured across each of the test 1oads 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 |[EEE Standard. It has been superseded by a later version of this standgrd.
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Addto 14.104.5.1 the following entry as the eighth parameter.

Parameter Section Req Imp 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 Cc Defined in clause 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 or 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™1is added to
the: LINK TEST PASS state
and “link: status=FAIL’ is
added to the LINK TEST FAIIL.
RESET state
5 Link test pulse waveform for 14.3.1.2.1 C Within figure: 14-10 template
FLP Biuirst with and without for; all pulses in FLP Burst,
(wisled-pair model overshool 7 450 mV aller
excursion below =50 mV

19. Layer management for 10 Mb/s baseband repeaters
EDITORIAT 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 am#rchive 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:lound 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—In the tollowing references; changes are not indicated by strikethroughs and underscores.

3—The reference numbers i this-atnex:do not correspond to those of ISO/IEC 8802-3: 1993 or the 1995 edition of ISO/
TEC 8802-3.

Replace annex Awith the following:

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

[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 (Couplet).

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

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

[A7] ANSI/IEEE Std 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/UL: 114-1982, Safety Standard for Office Appliances and Business Equipment. 13

1 This-annex is informative for the International Standard but normative for IEEE Std 802.3.

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

1B ANST/UL 114-1982 was withdrawn and feplaced 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 Sys’[ems.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] FCC 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 comimunication
devices. Reconsidered First Report and Order, April 1980.

[A16] TEEE Std 610.7-1995. TEEE Standard Glossary of Computer Networking Terminology.

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

[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 Corporation; Intel, Xerox, The Ethernet, Version 2.0, November 1982.

[A25] Hammond, J. L;; Brown, J. E., and Liu, S: S. Development of a Transmission 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.

TYANSI/UL 4781979 was withdrawn and replaced by ANSI/UL, 1950-1994:

ISAg this standard goes to press, IEEE Std 802:94-1995 is approved but not yet-published. The approved draft standard is; however,
available from the IEEE. Anticipated publication date is €arly 1996. Contact the [EEE Standards Department at 1-(908):562-3800 for
status information.

This is am#irchive IEEE Standard. It has been superseded by a later version of this standard.
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Annex D

(normative)

GDMO specifications for CSMA/CD managed objects
EDITORIAL NOTE—This -annex ¢an be found in IEEE 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 i D1
(T.ayer Management), D2 (Repeater Management); and D3 (MAU Management). See TEEE Std 802.1F-1993; annex C4.

This is an Archive IEEE 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 can 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 MAC), and the ISO Open
System Interconnection (OSI) refetence 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 Interface 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 I0BASE-T.

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

The Media Independent Interface (¢lause 22) provides an intetrconnection 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 receive 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 | shielded 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 Layets are used to provide 100BASE-TX and 100BASE-FX physical signaling channels;
which are defined in 100BASE-X (clause 24).

This is an Archive I[EEE Standard. It has been superseded by a later version of this standard.
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osi LAN
REFERENCE CSMA/CD
LAYERS
HIGHER LAYERS
APPLICATION LLC—LOGICAL LINK CONTROL
PRESENTATIGN MAC—MEDIA ACCESS CONTROL
SESSION RECONCILIATION 100BASE-T
Baseband
TRANSPORT Repeater
Ml = Unit 100BASE-T
NETWORK Baseband
PCS PCs PCS Repeater
DATA LINK PMA PMA PMA Set
= PMD PHY * PMD PHY = pmD PHY
PHYSICAL *AUTONEG ***AUTONEG ***AUTONEG
MDI—p] | MDl—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

*MIll 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 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 more than two DTEs in‘a col-
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 common-abilities, and configure
for joint operation. Auto-Negotiation is performed out-of-band using a pulse-code sequence that is compati-
ble with the TOBASE-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 nio modification to the
agent code.

This is amgirchive 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
8802-5
ASIC
ASN.1
AUI
BPSK
BR

BT
CAT3
CAT4
CAT5
CDO
CDl1
CMIP
CMIS
CMOS
CRC
CVH
CVL
CRV
CSo

CS1

cw
DTE
ELFEXT
ESD
FCS
FDDI
FEXT
FIFO
FLP
FOIRL
FOMAU
FOMDI
FOPMA
HH

H

IPG

IRL
LAN
LLC
LSDV
MAC
MAU
MC
MDELFEXT
MDFEXT
MDI
MDNEXT
MIB

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

ISO/IEC 8802-3 (IEEE Std 802.3)
ISO/IEC 8802-5 (IEEE Std 802.5)
application-specific integrated circuit
abstract syntax notation one as defined in ISO/IEC 8824 1990
attachment unit interface

binary phase shift keying

bit rate

bit time

Category 3 balanced cable

Category 4 balanced cable

Category 5 balanced cable

clocked data zero

clocked data one

common management information protocol as defined in ISO/IEC 9596-1: 1991
common management information service as defined in ISO/IEC 9595:: 1991
complimentary metal oxide semiconductor
cyclic redundancy check

clocked violation high

clocked violation low

code rule violation

control signal zero

control signal-one

continuous wave

data terminal equipment

equal-level far-end crosstalk

end of stream delimiter

frame check sequence

fibre distributed data interface

far-end crosstalk

first'in, first out

fast link pulse

fiber optic inter-repeater link

fiber optic medium attachment unit

fiber optic medium dependent interface
fiber optic physical mediunyattachment
header hub

intermediate hub

inter-packet gap

inter-repeater link

local area network

logical link control

link segment delay value

medium access control

medium attachment unit

message code

multiple-disturber equal-level far-end crosstalk
multiple-disturber far-end crosstalk
medium dependent interface
multiple-disturber near-end crosstalk
management information base

D-Link-1007
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STA

SVV
UCT
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 time

station management entity
shielded twisted pair (copper)
segment variability value
unconditional transition
unformatted page

unshiclded 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.

21.5.1 Actions inside state blocks

The actions inside a state block execute instantancously.-Actions inside state blocks are atomic (i.e., uninter-

ruptible).

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

repeat.

This is am@rchive IEEE Standard. It has been superseded by a later version of this standard.
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The characters « and [bracket] are not used to-denote any special meaning.

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

No actions are 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 qualifiets:

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) - Anunconditional transition: UCT

¢€) - Abranch taken when other exit conditions are not satisfied: ELSE

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 in table 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)
Not equals

0
> Greater than or-equal to
> Greater than
©) Indicates precedence
= Assignment operalor
€
3
LS

Indicates membership

Indicates nonmembership
E 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) ptoforma.

A completed PICS proforma is the PICS for the implementation in question. The PICS: is a statement of
which capabilitics and options of the protocol have been implemented. A PICS is included at the eénd of ¢ach
clause as appropriate. The PICS can be used for a variety of purposes by various parties, including the
following:

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

b) Asa detailed indication of the capabilities of the implementation, stated relative to the common
basis for understanding provided by the standard PICS. proforma; by the supplier and acquirer, or
potential acquirer; of the implementation;

¢) -~ As abasis for initially checking the possibility of interworking with another implementation by the
user, or potential uset, 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'sclecting 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 ar¢ used in the PICS proforma:

M mandatoty ficld/function

o optional field/function

O<1> optional field/furiction, but at leastote of thie 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>*<item2>: 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 informatioti necessary to identify fully both the supplier and the implementation.

The main part of the PICS proforma is 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 columi; ¢€ither by
simply marking an answer 1o indicate a restricted choice (1sually Yes, No, or Not Applicable); ot by entering
a'value or a sét 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 item is-identified by an item reference in-the first coliimn; the second column contains the question to

be auswered; the (hird column contains the relerence or relerences (o the malerial that specifies the iletn in
the main body of the standard; the sixth column contains values and/or comments pertaining to the question

This is amgrchive IEEE Standard. It has been superseded by a later version of this standard.
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to-be answered. The temaining columns record the status of the items—whether the support-is mandatoty,
optional or conditional—and provide the space for the answers.

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 furthet information is to be pro-
vided in a further subclause of items labeled A<i> or X<i>; respectively, for cross-referencing purposes,
where <i>1is any unambiguous identification for the item (¢.g., simply a numeral); there are no other restric-
tions on its format ot 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 configuration capabilities; if that would make presentation of the informiation easier 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. Tt 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 ¢an be set up to operate ina variety of environments and configurations; or a brief
rationale, based perhaps upon specific application needs; for the exclusion of features that, although
optional, are nonetheless commonly present in implementations.

Relereiices (o ilenis of Additional Information may be entered nex( (o any answer in the questionnaire; and
may be incliided 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 other items are supported.

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

columir, where “<item>" is ai itein reference (hat-appears in the hrst colunin of (k¢ table [or somie other
item;, and “<s>"is 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 standsyd.
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If the item referred to by the -conditional symbol-is marked as supported, then 1) the conditional iteni is
applicable; 2) its status is given by “<s>", ‘and 3) the support column isto 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 Iteni column:

21.7 Relation of 100BASE-T to other standards

Suitable entries 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
valuesspecified 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
c|lclc|lc|c)c
ala|a|lala]l|a
t |ttt et e |1
3|14 S |3 |4 5502|5025 )O02|S5]0([2]5
1|1 1|11 fL|olo|lOo|lOo]lOoO]|lO0]l0]lO]O]|]O0]O[O0[|0
13 R 0 1A - Y O I I A
010([0 0010
5 o B
8802-3: TOOBASE-T4- | 1" [ I" | I I |1 I I I
8802-3: 100BASLE-TX I I I’ I

*8802-3 imposes additional requirements on propagation delay.

This is am#rchive IEEE 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:

IEEE
Std 802.3u~1995

Fibre Optical link per clause 8
pers,7,and 8 Horizontal Building backbone | Campus backbone
62.5 62:5/ 62.5/ 62:5/
501125 | 107123 50/125 | 10/125 50/125 | 101125 50125 | 10/125
MME | MMF | MMF | | MME | MME [ e | MNE | MME [ | MME | NMEF
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 petformance. These assumptions apply to any

MAC with an exposed MIIL used with a 100BASE-T PHY.

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

Sublayer Min Max Input timing Output timing
measurement Event ; ;
. (bits) (bits) reference reference
points

MAC <MII MAC transmit start to TX_EN 4 TX CLK
sampled r1sing
CRS-assert to MAC detect 0 8
CRS de-assertto MAC detect 0 8
CRS:assert to TX. EN sampled 16 TX CLK
(worst case nondeferred transniit) rising
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) nibble-of jam

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

22.1 Overview

This clamse defines the logical, electrical, and mechanical characteristics for the Reconciliation Sublayer
(RS} and Medis Independent Interface (MID) between CSMA/CD media access controllers and various
PHYs. Figare 22-1 shows the relenonshup of the Reconcilistion sublayver and MU to the 180 (IEEE) OS]

reference model.
Q5
e gk g AN
gk&%‘é%?% CSMAICD
LAYERS LAYERS
APPLICATION HIGHER LAYERS
PRESENIATION LEC--LGICAL LINK SONTHROL
SESSION MAC—MEDA ACCERS CONTROL
TRANSPORT (L
NETWORK
DATA LINK
PHYRICAL
030 Mbs
MO = MEDEIM DEPENDENT INTERRCE PLS = PHYSICAL CODING SUBLAER
R = MEDIUM INDEPENDENT INTERRCE PRA = PHY SICAL MEDIUM A TACHMENT

FHY = PHYSICAL LAFER ENTITY
PMO = PHYSIZAL MEDIUM DEPENDENT

* 881 i optional br 1 Mbis DTEx and by 100 Mbés sysiems and s not speciied for 1 Mivs systems
PR 5 spectiod by HIDBASE-TX angd -FX anly TOOBASE-T4 sues ool use 1Bis lyer
“** SUTONEG computvicates with the PRMA sullever through the PMA semce infarbice messages
PMA_LINK requost and PRA_LINK indicate

e BITONEG ix oplional.

Figure 22-1-—Mi location in the protocol stack

The purpose of this interface 1s o provide g stople, inexpessive, and easy-to-dmplement interconnection
between Media Avcess CUontrol (MAL) sablaver and PHYs, and between PHYs and Station Management
{BTA} entities.

This terface has the following charscteristios:

a) s capable of supporting both 10 Mbix and 100 Mbds data vates,

bt Data and delimiters are synchronons to clock references,

£} It provides independent four bt wide transmit and recetve data paths.

Ay Iruses TTL signal levels, compatible with common digiial CMOB ASIC processes.
2} It provides a stinple management interface.

f}  Itis capable of driving a Hmited length of shielded cable,

This s arcigmiive dbbleS g biias been superseded by a later version of this standard.

D-Link-1007
Page 53 (of 415)


3djc
Sticky Note
None set by 3djc

3djc
Sticky Note
MigrationNone set by 3djc

3djc
Sticky Note
Unmarked set by 3djc

V
Rectangle


{EEE
Std 8O3, 1988 Ediion LOCAL AND METROPOLITAN AREA NETWORIA:

22.1.1 Summary of major concepts

a}  Each direction of data transfer s serviced with seven {making @ tofal of 14) signals: Data (s four-hit
bundle), Delimiter, Brror, and Clock,

by Two wedia status signals are provided. Que indicates the presence of cardier, and the other indicates
the scomrence of a collision

£} A menagement mterface comprised of two signals provides accesy to nunagement parsmneters and
services.

¢y The Reconciliation sublayer maps the signal set provided at the MII to the PLS service definition
spepified in clawse &

22.1.2 Application

This clause applies to the interface between MAC sublayer and PHYx, and hetwesn PHY s and Station Man-
agement entities. The bnplementation of the buterface may assume any of the following three forms:

a3 A chip-o-chip (utegented clrcutt fo totegrated ety interface nuplemented with fraces o a
printed ciromt boand.

by A mwtherboned fo daughterboard interface between two or more prurted clrenit boards.

£} An wterface between rwo printed cireoit assemnblies that are attached with a length of cable and an
appropriate connector.

Figure 22-2 provides an example of the third spplication environment listed above. AH M conformance
tests ave performend af the mating swefaces of the MI comnector, identified by the Bine A-AL

Figure #2-3—Example application showing location of conformance test

This imterface s osed to provide media independence for various forms of unshielded twisted-padr wiving,
shielded twisted-paiy winng, fber optic cabling, and potentially other media, so that identical mwedia sooess
contioliers may be used with any of these media.

T albow for the possibility that multiple PHYs may be controlled by a single 8ation Management entity, the
M management interfoce has provisions io accommodate np to 32 PHY s, with the restriction that 2 mexi-

munt of one PHY may be sttached to o mansgement interface via the mwechanical toterfoce defined m 22,8

This is arggrchive IEEE Slandard. I has been superseded byvodalarssss paeobiipnsiandard.
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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 opera-
tion is the nominal clock frequency.

PHY:s that provide an MII are not required to support both data tates, and may support either one or both.
PHY s 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 MII is such that it readily lends itself to implementation in both PHYs and
MAC sublayer entities. The division of functions balances the need for media independence with the need
for a simple and cost-effective intetface.

While the Attachment. Unit Interface (AUL) was defined to exist between thie Physical Signaling (PLS) and
Physical Media Attachment (PMA) sublayers for 10 Mb/s DTESs, the M1l maximizes media independence by
cleanly separating the Data Link and Physical Layers-of the 1SO (IEEE) seven-layer reference model. This
allocation also tecognizes that implementations can benefit from: a close coupling of the PL'S 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 MII is-designed to be ¢asily implemented at minimal cost using conventional design tech-
niques and manufacturing processes.

22.2.1 Mapping of MIl 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 sublayer inputs :and outputs, and denionstrates
that the MI1 management intetface is controlled by the Station Management entity (STA).

22.2.1.1 Mapping of PLS_DATA.request
22.21.1.1 Function
Map the primitive PLS_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 on¢ 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 ancbyehive BEE Slangandsdbhas been superseded by a later version of this standgrd.
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PLS Rervice Primitives Reconciiation sublaver M Signals

~~~~~~~~~~~~~~ » TX_ER

VNS 4 B SR § 2
PLS_DATA mequest B B g TX_EN

g TX _CLK
PLS SIGNAL indicats 4] g COL

e XS

PLE_DATAUndicate

PLE CARRIER indicale s

Figure 22-3—Reconciliation Sublayer {RS) inputs and outpuls
and 8TA connections to Ml

222413 When generated

oaciliation sublaver after every group of four PLS_DATA request transections from the MAC sublayer to
reguest the ransmission of four data bits on the phystcs! medivm or to stop msossion,

22.2.1.2 Mapping of PLS_DATA Indicate
22.21.2.1 Function
Adap the primdtive PLS DATA indicate to the M sigaals RXD<33k-, BX DV RX BB and BX LK
22.21.22 Semantics of the service primitive

PLS_DATA indicate (INPUT_UNIT)
The DIPUT_TINIT parameter can take one of two values: ONE or ZEROD. It represents a single date bit. The
vabies ONE and ZERO are derved from the sigoals RXDy3e, RXD2 RXDE>, and RXD, each of

witich represents one bit of data while RN TRV is asserted.

The value of the data iransferved o the MAC 15 controlled by the BX BR stgnal. see 22.2.1.5, Response
BX ER indication from MIL

Symchronization between the PHY and the Reconciliation sublaver is achieved by way of the R¥_CLK
signal,

22.24.2.3 When generated
This prisuitive is generated to all MAC sublayer sntities in the network after a PLS_DATA request is issued,

Each nibible of dais transferred on RXD<3 140 will result iy the generation of fowr PLE_DATA indivate frans-
actions.

This is argarchive IEEE Slandard. I has been superseded byvodalarssss peeobiipnsiandard.
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22.2.1.3 Mapping of PLS CARRIER.indicate

22.2.1.3.1 Function

Map the primitive PL.S: 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 paranieler ¢an (ake 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 signal from de-asserted to asserted must
cause a transition of CARRIER STATUS from the CARRIER OFF to the CARRIER: ON value, and any
tranisitioni -of the CRS signal from asserled (o de-asserled must-cause a (ransition of CARRIER.STATUS
from the CARRIER. ONto 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 the time.

NOTE~—The behavior of the CRS-signal 1s 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 in4.2.8. The behaviorof the RX._DV signal is specified within this ¢lause so that it can be mapped directly to
the carrierSense variable in the MAC: process BitReceiver, which is described mni4.2.9; provided that the MAC process
BitReceiver is implemented to teceive a nibble of data on each ¢ycle through the inier loop:

22.21.4 Mapping of PLS _SIGNAL.indicate

22.2.1.41 Function

Map the primitive PLS  SIGNAL.indicate to the MIL'signal COL.
22.2.1.4.2 Semantics of the service primitive

PLS:- SIGNAL:indicate (SIGNAL_STATUS)

The ~ SIGNAL_STATUS  patameter can - take one -of ~two  values: = SIGNAL ERROR : or
NO_SIGNAL_ERROR. SIGNAL_ STATUS assumes (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 generated 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 assetted, the Reconciliation sublayer shall ensure
that the MAC will detect a FrameCheckError in that frame.

This is arcdyrbive BaESiangandsedbiias been superseded by a later version of this standard.

D-Link-1007
Page 57 (of 415)


3djc
Sticky Note
None set by 3djc

3djc
Sticky Note
MigrationNone set by 3djc

3djc
Sticky Note
Unmarked set by 3djc

V
Rectangle


IEEE
Std 802:3,1998 Edition LOCAL AND METROPOLITAN AREA NETWORKS:

This requirement may be met by ‘incorporating a function in the Reconciliation ‘sublaver that produces a
result that is guaranteed to be not equal tothe 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 FrameCheckErtor occurred 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 gencrated:

Forexample, a repeater that detects an: RX _ER during frame reception on an input port may propagate that
error 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 niot 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 frequency of 2.5 MHz. The duty cycle of the TX 'CLK signal shall be between 35% and
65% inclusive.

NOTE—Séee additional information m22.2.4.1.5.

22.2.2.2 RX_CLK (receive clock)

RX CLK is a 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 sublayer. RX - CLK is soutced by the PHY. The PHY
may tecover 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 undet 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-lose the recovered RX. CLK referenice, the PHY shall source the RX CLK from a
nominal clock reference.

This is aryprchive IEEE Standard. It has been superseded by lalarosassipeechithissstandard.
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Transitions fron: nominal clock 1o recovered clock or from recovered clock to nominal clock shall be made
only while BX DV i de-asserted. During the interval betwesn the assertion of CRS and the assertion of
RX IV gt the beginming of & frame, the PHY may eutend & ovele of RX_CLK by holding @t fu edther the
high or low condition vl the PHY has successfully locked onto the recovered clock. Following the de-
assertion of RX_DV at the end of a frame, the PHY may extend a eyele of RX__CLK by holding it in ejther
the high or fow condiion for an nderval that shall not exceed twice the nominal clock period.

NOTE—This ctandard neither reguires nor ssswmes s guoramtesd phuse relationship between the RY_CLK and
TX CLK signab. Sev sddivional informatinn in 822415

22.2.2.3 TX_EN {transmit enabie)

TX_EN indicates that the Reconcilistion sublaver is presenting nibldes on the M for transmission. Tt shall
be asserted by the Reconethation sublayer synchronously with the fiest wbble of the presmble and shall
remain asserted while all nibbles to be transmitted are presented fo the MIL TX EN shall be negated prior to
the first TX, CLEK following the final nibble of 3 frame. TX_EN s driven by the Reconciliation sublayer and
shall transtifon syaclepnoushy with respect o the TX. CLEL

Figore 22-4 depicts TX EN behavior during a frame fransmission with o collistons,

TX_OLK

300

TX_EN mf, - \.,mw
N CO000000NS888888
CRS {E; N Mm

.

Figure 22-4-—Transmission with no collision

22.2.2.4 TXD {transmit data)

THD is & buwdle of 4 data signals {TRD=300) that ave deiven by the Reconciliativn sublayer, TXD<3 0>
shall fransition synchronously with respect to the TX_CLK. For each TX _CLK period fn which TX_EN 15
asserted, TAD<3:00 are accepted for transmission by the PHY. TXD<( »ix the least significant bit. While
TX_EN ix de~asserted, T30 shall have no effect upon the PHY.

Figioe 22-4 depiors TR0 behavioy during the trasmission of a frame,

Table 22-1 sommarizes the permussible encodmgs of TXD=<3:0>, TX EN, and TX _ER.

2¢.2.2.5 TE_ER {transmit coding error}

TX_FR shall transition synchronousty with respect to the TX_CTK. When TX_ER is asserted for ope by
more TX CLK periods while TX_EN is also asserted, the PHY shall enut one or move syinbols that are not

This s arcigmiive dbbleS g biias been superseded by a later version 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:

Assertion of the TX_ER signal shall not affect the transmission of data' when a PHY is operating-at 10 Mb/s,
orwhen TX EN is de-asserted.

Figure 22-5 shows the behavior of TX_ER during the transmission of a frame propagating an error.

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

A%

TX_EN / - \

TXD<3:0> I(PXRXEXAXMXBXLXEXXXX::X A XXX X\
TX_ER /—\

A

Figure 22-5—Propagating an error

The TX_ ER signal shall be implemented at the MII of a PHY, wnay be implemented at the MIIL of a repeater
that provides an MII port, 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 ensure 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 DV shall transition synchronously with respect to the RX -CLK. RX_ DV shall remain asserted 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 correctly intet-
preted by the Reconciliation sublayer and (e MAC sublayer, RX. DV must encotipass the [rame; starling
no later than the Start Frame Delimiter (SFD) 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 byggolatarososs iveechitiysslandard.
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RX_CLK ||||| ||||||||||||||||||||||||||||||||||
A

RX_DV [[/ \
AN

I("bl K'XXXAX‘ 7 uXuX\l\
RXD<3:G> pream eASFDASF DX DA X DA XD Dé CB‘C CB‘C CIIR‘C C'R‘C

Y

RX_ER EXY

A2

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

RXD is a bundle-of 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-asseited, the PHY may provide a False Carrier indication by asserting the RX_ ER sig-
nal while driving the value <1110> onto RXD<3:0>. See 24.2.4.4.2 for a: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 summniarizes 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 Data reception with-errors

This is ancdyrhive BaE Skangiardedbhas been superseded by a later version of this standard.
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22.2.2.8 RX_ER {receive error)

RX_ER {Recetve Errory is driven by the PHY. RX_ER shall be asserted for one or more RX_{LK periods to
mdicate to the Reconciliation sublayer that an ervor {e.g., a 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 in the
frame presently being fransferred from the PHY fo the Reconciliation sublayer. BX_ER shall tragution syn-
chrpnously with respect Yo RX__CLE. While RX_ DV 13 de~asserted, BX, ER shall have no effect on the Reo-
onsitiation sublayer.

Whale RX_DV 13 de-asseried, the PHY may provide a False Carrier indication by asserttng the R¥_ER sig-
nal for at least one cycle of the RX_CLE while driving the appropriate value onte RXD<3:0 as defined in
22.3.2.7. See 24.2.4.4.2 for a description of the conditions nnder which o PHY will provide a False Carier
ndication,

The effect of RX_ER o1 the Reconciliation sublayer i defined i 22.2. 1.8, Response to RX_ER indication
from MIL

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

RX_CLK HHHHI“H”HUUUUUUUUUUU}
e L] ' |
RXD<3g-  Apreambi SH%SFEXQAXQAXDAXXXXXEXXXXXXXXXXXXX}{XXXXXXX\

RX_ER fr_\_‘

Figure 22-7—Reception with errors

Figrwe 22-% shows the bebavior of RX_ER, RX_DV and RXD=<%:0> during a False Carrter indication.

R " -

" Ay

s _ oo oo ododo oo
RX_ER x}.m&

Figure 22-8—False Carrier indicalion

This is arggrchive IEEE Slandard. I has been superseded byvodalarssss peeobbipnsiandard.
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22.2.2.9 CRS {carrier sense}

CES shall be asserted by the PHY when either the transind? or receive medimn is nonidle. CRS shial be da-
asserted by the PHY when both the transmit and receive media are idle, The PHY shall ensure that CRS
remamns asserted ihrovghod the duration of 8 collision condition.

CES is not required 1o transition svachronously with respect to either the TX CLK or the R¥_CLEL

The behavies of the CRS signal is unspecified when the duplex mode bit 0.8 in the coutrol register is sef to a
logic one, as described in 22.2.4.1.8, or when the Asvo-Negotiation process selects a full duplex mode of
operation.

Figuve 22-4 shows the bebavior of CRS during a frame transmission without o colliston, while Figure 229
shows the bebavior of CRS during » frame transmussion with a colliston,

222210 COL {collision delected)

0L shall be asserted by the PHY upon detection of a collision on the medinm, and shall remain asserted
while the collision condition persists,

OO shiall be asserted by a PHY that s operating 3t 10 Mb/s i response W a sipra!_gulity_erior message
fromn the PAMAL

0L 15 not vequirad o fransition synchrononsly with respect to either the TX CLEK ortle KX CLK.

The behavior of the COL signal is unspecified when the duplex mode b 0.8 1 the control register is set o 2
fogic one, as desertbed i 22.2.4.1.8, or when the Avio-MNegotiation process selects & full-duplex wode of
operation,

Firgure 22-% shows the behavior of COL during 2 frame ransmission with a collision.

e ./ b N

OGN 000GEIEIEDEN

CRS gﬁfi ) \\L____,
cot /| A\

Figure 22-8—Transmission with collision

NOTE—The cirentt assemnbly that contains the Reponcilistion sublayer miay tncorparate 8 weak pulbup on the COL sig-
nat as o means of detecting an open cironit condition on the COL sigoal st the ML The Hunt on the walue of this pull-wp
is defined in 22.4.4.2.

This s arcigmiive dbbleS g biias been superseded by a later version 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 cach, 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 ¢ontrol 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-staté circuits that ¢énable either the STA orthe PHY to drive the signal.
A PHY that is attached to the MII via the mechanical interface specified in 22.6 shall provide a resistive pull-
up to maintain the'signal in-a highstate. The STA shall incorporate a resistive pull-down on the MDIO signal
and thus may use the quiescent state of MDIO ‘to determine if a PHY is:connected to the MII via the
mechanical intetface defined in22.6. The limits on the values of these pull-ups and pull-downs are defined in

22.4.4.2.

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—MlIl frame format

For the MII, transmission and reception of each 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.

LSB

Mil
Nibble
Stream

MSB

First Bit MAC's Serial Bit Stream
LSB‘ DO‘D1‘D2‘D3‘D4‘D5‘D6‘D7‘MSB
N bbie Nibble.
DO
| b1
™
[ D3|

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

This is arygrchive IEEE Standard. It has been superseded by lalarosssieecchithissstandard.
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The bits of each octetare transmitted and received as two nibbles, bits 0 through 3 of the octet corresponding
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 MIIL. The absence of data activity is indicated by the de-assertion of the RX DV
siginal on the receive path, and the de-assertion of the TX EN signal on the transmit path. The MAC intei-
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 MIT is
unchanged from that specified in 7.2.3.2 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 ach octet the leftmost 1 value represents the L.SB of the octet, and the rightmost 0 value
the octet MSB.

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

10101011

The preamble and SFD shall be transmniitted 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 b D O I P O O T O RO A A I o O o
TXD1 X |00 |0 |0 OO |0 |0 |0 ][]0 |00 [0]0 |0 |0 |DI D5
TXD2 X {111 (1|11 1L {L 1 |1 |1 1 )11 |1 |1.|D2 D6
TXD3 X000 (0|00 00 0 |0 |0 0 0]0]|0_ |1 |D3 D7
TXEN [0 1| T [ L |11 [ L |1 | L1 T |11 |11 1 L1 1

*1st preamble nibble transmitted.

T1st 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 anchsrbive BaE Skandandsdbhas been superseded by a later version of this standgrd.
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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 MIL, 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 MIT
RXDO X|X|X | X|X|[X|X[1"]1 | D0 | Da*
RXD1 X| X | X | X[X]|X|X]0 0 D1 D5
RXD2 X| X | X| X[ X| X[ X]1 1] D2 D6
RXD3 X|X| X XX | X[X[|[0 [1]D3 D7
RX_ DV O 01000001 1 1 1

*1st SFD nibble received.
15t data nibble teceived.
Do through D7 are the first eight bits of the data field from the PDU.

Table 5—Start of receive with entire preamble preceding SFD

Signal Bit values of nibbles received through MIL
RXDO b 15 S A R O O P e T O e O A S R P WO I A0 O OO I8 0 G B
RXD1 X0 00 0 0 00 0 0|0 0 0 010 0 0| DIl D5
RXD2 X1 1 1 1 1 1 1 l 1 1 1 L | 1 1 1| D2 Db
RXD3 X |0 |0 ]0O0 |0 |O|0O|]O |0 |0 |0 |O 0[O0 |0 |1 |D3 D7
RXDV | O Lo| 1T [ L 1| L1 |1 L |1 | LT |1 1|1 |1 ]1 1
*Ist preamble nibble received.
T1st SFI nibble received.
115t data nibble received.

8D through D7 are the first eight 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 nibbles: For each 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 excess 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 bygaolalarosss pedithisssnedard.
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Transmission of an ¢xcess nibble may be handled by the PHY -in an implementation-specific: manner. No
assumption should be made with régard to trurication, 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 MIT Management Interface:

The management interface 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 specifics a basic register set
with an extension mechanism:

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

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
23 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 ancdyrbivetBEESkangandsdbhas 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 or reset is a normal

operational state without management intervention.

Table 7—Control register bit definitions

Bit(s) Name Description R/W

0:15 Reset 1:="PHY reset RIW.
0=notmal operation SC

0.14 Loopback 1= enable loopback mode R/W
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 RIW
0= Disable Auto-Negotiation Process

0.11 Power Down 1=powerdown RW
0= normal operatiorfr

0.10 Isolate l=-¢lectrically Isolate PHY from MII RIW
0'="normal operation®

0.9 Restart Auto-Negotiation 1= TRestart Auto-Negotiation Process RW
0 =normal operation SC

0.8 Duplex Mode 1= Full Duplex* R/W
0-=Half Duplex

0.7 Collision Test 1= enable COL signal test RW
0= disable COL signal test

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

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

TFornormal operation, both 0.10 and 0.11 st be cleared to Zero, see 22.24.1.5.
tSpecifications for full-duplex mode operation are planned for future work.

22.2.4.1.1 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 ¢onsequence 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 return a
value of one in bit 0.15 until the reset process is completed. A PHY is not required to accept a write transac-
tion (o the comntrol register umntil the reset process is-completed, and wriles (o bits of the control register 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 ansgrchive |IEEE Standard. It has been superseded byg\algrosass epecithssiandard.
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22.2.41.2 Loopback

The PHY shall be placed in a loopback mode of operation when bit 014 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 0.14 is set; the PHY
shall accept data from the MII transmit-data path and return it to the MII receive data path in response to the
assertionof TX EN. Whenbit 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 is set, 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 i$ implementation spe-
cific, but it is recommended that the signal path-enicompass 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 transmitand receive data paths. Other loopback signal pathsthrough a PHY may be
enabled via the extended register set, in an implementation-specific fashion.

22.2.41.3 Speed selection

Link speed can be selected via either the Auto-Negotiation process, or 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 toa logic zero configures the PHY for 10.Mb/s operation. When Auto-Negotiation is enabled, bit 0.13
can be read or written, but the state of bit 0.13 has no effect on the link configuration, and it is not hecessary
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 one, 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-Negotiation process
will determine 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, regardless of the prior state of the link configuration and the Auto-Negotiation
process.

If aPHY reports 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 bit0.12 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.

22.2.4.1.5 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
thie transition to the power-down state and while in the power-down:state, the PHY shall niot generate spuri-
ous signals on-the MIIL

This is ancggehiveBGE Slangliardsrdthas been superseded by a later version of this standard.
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A PHY is not required to meet the RX. CLK and TX CLK signal functional requirements when ¢ither bit
0.11-0r bit 0.10 15 set to.a logic one. A PHY shall meet the RX - CLK and 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 MIL it shall not respond to the
TXD<3:0>, TX EN, and TX ER 1nputs; and it shall present a high impedance on its 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-MII via the mechanical interface defined in 22.6 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 simultancously.

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: petform Auto-Negotiation, ot 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 to bit 0.9 shall be ignored.

Otherwise, the Auto-Negotiation process shall be testarted by setting bit 0.9 to a logic one. This bit is self-
clearing, and a PHY shall return a value of one 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 0.9 is zero:
22.2.4.1.8 Duplex mode

The duplex mode can be selected via ¢ither 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, buit the state of bit 0.8 has no effect on the link configuration. If a PHY teports
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.

When a 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 7zero, unless a PHY reports 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 MIL may be tested by setting bit 0.7 to'a logic-one. When'bit 0.7 is set to-one, 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,

This is ansgrchive IEEE Standard. It has been superseded by |alarossssieecohitiissstandard.
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the PHY shall de-assert the COL signal within 4 BT in tesponse to the de-assertion of TX EN. Clearing bit

0.7 to zero allows normal operation.

The default value 'of bit 0.7 is zero.

NOTE—It1s 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 register is shown in table 22-8 below. All of the bits in the Status register

are tead 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 Duplex” 1 = PHY ableto perform full-duplex 100BASE-X RO
0 =PHY notable to perform full-duplex 100BASE-X

1.13 100BASE-X Half Duplex 1. =PHY ‘able to perform half-duplex 100BASE-X RO
0= PHY notableto perform half-duplex 100BASE-X

1.12 10 Mb/s Full Duplexb 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/s in 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 =remote fault condition detected RO/
0=no remote fault condition detected LH

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

1.2 Link Status 1 = link is-up RO/
0= link is down LL

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

1.0 Extended Capability 1 = extended register capabilities RO
0= basic register set capabilities only

fRO = Read Only, LI, = Latching Low, LH = Latching High
"Specificalions for full-duplex mode operalion are planned. for future work.

This is ancdyehiveleaE Shangiandsrlbdias been superseded by a later version of this standard.
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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 perforin link transmission and réception 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 petform 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 read 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 perform 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 teception while operating at 10 Mb/s. When read as a logic zero, bit 1.12 indicates that the PHY
lacks the ‘ability to petform full duplex link transmission and reception while operating at 10 Mb/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 one; bit 1.11 indicates 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
whether (hey -are ot are nol preceded by (the preamble pattern described in22.2.4.4.2. Whei read as a 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 read 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-are valid. When read as a logic zero, bit 1.5 indicates that the Auto-

This is ansérchive |IEEE Standard. It has been superseded byglalarossss rpeofithissiandard.
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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-Négotiation 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
become set-and remain set until it is cleared. 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 one, 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 critetia 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 cleared. 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 incotporate a Jabber Detect
function, as this function is defined to be performed in the reépeater unit in 100 Mb/s systems. Therefore,
100BASE-X and 100BASE-T4 PHYs shall always return a value of zero in bit 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 capabilities which may
be accessed through the extended register set. Whei reéad asa-logic zero, 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 in 22.2.4.1 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

defined within (e exicnded address space for the purpose of providing a PHY-specific identilicr (o layer
management, and to provide control and monitoting for the Auto-Negotiation process.

This is ancggrbive leEE Slangandsdbhas been supersaeded by a later version of this standgard.
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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 register, the PHY shall not drive the MDIO line in reésponse to
the read transaction. If an attempt is made to perform 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 Identificr.

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

The PHY Identifier shall be composed of the third through 24th bits of the Organizationally Unique Identi-
fier (OUI) assigned to the PHY manufactuter 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 infornia-
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 is 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 L'SB of the manufacturer’s model number. Bit 3.3 containg the MSB of the manufacturer’s revi-
sion number, and bit 3.0 contains the LSB of the manufacturer’s révision 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 can be found in TEEE Std 802-1990.

a blc rl 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 TEEE Standards Departmént, Institute ‘of Electrical and Electronies Engineers, 445 Hoes
Lane; P.O: Box 1331, Piscataway; NJ 08855-1331, 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 registers beyond ‘those defined above. Register addresses 16
through 31 (decimal) may be used. to provide vendor-specific functions or abilitics. Register addresses: 8
through 15 (decimal) are reserved for assignment within future editions of this standard.

22.2.4.4 ‘Management frame structure

Frames transmitted 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 (0):4 PHYAD REGAD TA DATA IDLE

READ L.l 01 10 AAAAA RRRRR 70 DDDDDDDDDDDDDDDD Z

WRITE | 1...1 01 01 AAANA RRRRR 10 DDDDDDDDDDDDDDDD Z

22.2.4.41 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 line 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 one
line state to zero and back to-one.

This is ancyrbive leEESlangandsedbhas been superseded by a later version of this standgrd.

D-Link-1007
Page 75 (of 415)


3djc
Sticky Note
None set by 3djc

3djc
Sticky Note
MigrationNone set by 3djc

3djc
Sticky Note
Unmarked set by 3djc

V
Rectangle


{EEE
Std 8023, 1988 Ediion LOCAL AND METROPOLITAN AREA NETWORIA:

22.2.4.44 OP {operation code)
The opperation code R a read transaction is <10», while the operation code for a write ansaction s <01,
22,2445 PHYAD (PHY Address)

The PHY Address is five bits, allowing 32 wnigue PHY adidresses. The first PHY address bit transmitéed and
received is the MSB of the address. A PHY that ix connected o the sistion management emtity via the
mechanicad toterface defined i 22.6 shall always respond to transactions addressed to PHY Address zero
<GOO00>. A station management entity that is attached o muitiple PHY: must bave a priost knowledge of
the appropriate PHY Address for each PHY.

22.2.4.4.6 REGAD {Register Address}

The Repister Address is five bits, allowing 32 indbvidual registers 1© be addressed within sach PHY. The first
Register Address bit mansmitied and received is the MEB of the address. The register accessed af Reglister
Address zero <0000 shall be the control regaster defined i 22.2 4.1, and the register accessed at Register
Address one <00001> shall be the status register defined m 22.2.4.2.

222447 TA {turnaround}

The turnaronnd e is a 2 bit time spacing between the Register Address field and the Data field of 8 man-
agement framne to svod contention during & read fransaction. For a read transaction, both the 8TA sud the
PHY shall remain in o high-nmpedance state for the fisst bit time of the tunamund, The PHY shall drive &
zeve bit during the second bit time of the buoavowsd of & read assaction, During & write transaction, the
STA shall drive s one it for the first bit time of the tirnaround and 2 zero bit for the second bit time of the
turnaround. Figure 22-13 shows the behavior of the MDIC signal during the tormarvonnd field of & read frans-

acnon,
o w7 <O
MDC ]
Figure 22-13—Behavior of MDIO during TA field of a read transaction
22.24.4.8 DATA {data}

The data Held is 16 bits, The first data bet papsmited and received shall be bit 15 of the register being
addressed.

22.3 Signal timing characteristics

All signal Himing characteristics shall be measiwed wsing the technigues specified in aanex 22C. The signal
threshold potentials ¥y and Vg0 ave defined m 22,441

This is angarchive IEEE Slandard. I has been superseded byvodalaresss peeobbipnsiandard.
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The RIGH time of an M signal is defined as the length of time that the potential of the signal is greater than
or eiqal 10 Ve, g, The LOW time of an MII signal is defined as the length of time that the petential of the

signal tx less than or equal €0 Vieen,

The setup e of an M signal relatrve to an MIT clock edge is defined as the length of Hime betwreen when
the xignal exits and remains out of the switching region and when the clock enters the switching region. The
Bold thne of an MIT signal velative to an M clock edpe s defined as the length of une between whes the
clock exits the ywitching region and when the signal enters the switching vegion.

The prepagation delay from an MU ok edge to o valud MIT signal s defined as the length of time between
when the clock exits the switching region and when the sigral exits and remuains out of the vwitching region.

2234 Signals that are synchronous to TX_CLK

Figure 22-14 shows the tming relationship for the signals associsted with the tansmit dats path at the MU
sontector, The clodk to output delay shall be a winimum of U ns and 2 wasiomum of 25 us.

\ j“ i\\ M
3
TH_CLK i Y 7 Yo e
NN SNYI7 Vingmira
TXO30>, TX_EN TX_ER Walsiesliels Wa's' s Vi)
fins BN
"2 25 ns MAX

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

22.3.1.1 TX_EN

TH_EN i wansitioned by the Recoucilintion sublayver syuchrosously with respect o the TX CLK sing
edge with the timing as showsn in figure 22-14.

22.34.2 THD<3:0>

THED=3:0> is transitioned by the Reconcilistion sublayver synchronvushy with respect to the TX LK rising
edge with the timung as depicted in figiwe 22-14.

22343 TE_ER
TR _ER is ransinoned syachronously with respect 1o the rising edge of TX_CLK as shown o figare 22-14,
22.3.2 Signals that are synchronous to RX_CLK

Figure 22-13 shows the timing relationship for the signals associated with the receive data path st the MII
commector. The thning s referenced lo the rising edge of the BX_ CLK. The inpuf sefop thoe sholl be g mini-
wwvm of 10 ns and the input hold fume shall be a minimon of 10 s,

This s arcigmiive dbbleS g biias been superseded by a later version of this standgrd.
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l,‘ \\ ‘\ Viniwini
BX_CLK Y ey
ANV d N LS Vih{_miﬁ}

i [EK T ¢ .
BXDe3de, BX DV RX_ER AR LA Vinimaxy

30 05 MIN i

il e H0 115 BN

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

223241 RX_DV

RX DV i sampled by the Reconcilistion sublaver synehronousty with respect jo the rising edge of
BX CLK with the tanng shown in gure 22-15,

22.3.2.2 RXD<3:0>

BXI33:0 is sampled by the Reconciliation sublayer synchrononsly with respect to the rising edge of
RY_CLX as shown in figure 22-13, The RXD<3:0> thming requirements must be met at all rising edges of
RX (LK.

22323 RX_ER

RX _ER i sampled by the Reconciliation sublayer synchvonously with respect to the rising edpe of
RX CLX as shown in fge 22-15, The BX ER timing requirements mrmst be met ot all vsing edges of
RX CLK.

22.3.3 Signals that have no reguired clock relationship

22331 CRS

CRE s driven by the PHY. Transitions on URS have no requived relationship to either of the clock signals
provided at the MIL

22332 COL

COL s driven by the PHY, Trausittons on COL have po reguired relationship to either of the clock sigoals
provided at the MIL

2234 MDIO timing relationship to MDC

MG {Management Diata Input/Ouiput) is o bidirectional signaf that con be sourced by the Station Manage-
ment Entity {8TAS or the PHY. When the STA sources the MIDIO signal, the 8TA shall provide » mininmm
of 10 ns of setup time and 2 miznimum of 13 ns of hold time referenced to the rising edge of MDC, as shown
1 figure 22-16, measured at the M comector.

When the MDIO signal is sourced by the PHY. it ts sampled by the 8TA svacluwonously with respect to the

rising edge of MDC. The clock o outpnt delay from the PHY, o5 messimed at the MIT connecior, shall be a
miniomnn of U ne, and & macimum of 300 ns, as shows w Bpore 22-17.

This is angarchive IEEE Slandard. I has been superseded byvodalarssss pieobiipnsiandard.
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\\ \ Vihirnin)
mMDC \ Vil(max)
MDIO i
77X\ ZXNN iltmax)
10.ns MIN = €—
—> €— 10 nsMIN

Figure 22-16—MDIO sourced by STA
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Figure 22-17—MDIO sourced by PHY

22.4 Electrical characteristics

The electrical characteristics of the MII 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 environment, but integrated circuit dtivers and receivers that are implemented in compli-
ance with the ‘specification will ‘also support 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 TTT compatible input and output
buffers implemented in‘a digital CMOS ASIC process.

22.41 Signal levels

The MII uses TTL signal levels, which are compatible with devices operating at a nominal supply voltage of
either 5.0'0r 3.3 V.

NOTE—Care should be taken to ensure that all MII receivers can tolerate de input potentials. from 0.00 V. to: 5.50 V. refer-
enced to the COMMON signal, and fransient input potentials as 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 no less than Rojiminy: The transient source impedance will be nio less than (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 Reconciliation sublayer and the PHY.

Signals between the STA and the PHY may connect to-one or more PHY's. When a signal goes between the
STA and a single PHY, the signal’s path is a point-to-point transmission path. When a signal goes between
the STA and multiple 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 PHYs. However,
the transmission path of each of these signals shall be either a point-to-point transmission path-or a sequence
of point-to-point transmission paths connected in series.

All connections to a.point-to-point transmission path are at the path ends. The simplest point-to-point trans-
mission path has a driver at onc cnd and-a rcceiver 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 lumped at the ends of
the path; and if the maximum propagation delay between the drivers and réceivers at a given end of the path
1s 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 electrically 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 electrically
long point-to-point signal paths:

NOTIE—In the context of this clause, a transmission path whose round-trip propagation delay is less than half ot 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 theirac 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 V,;, shall be no less than 2:40 V-at an output current Ly, 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 must 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 monotonically from a
valid high (one) level to Vi " Vijinaxy — 200 mV, or from a valid low (zero) level to Vi = Vigigy + 200 mV.

This is angirchive IEEE Standard. It has been superseded bygsplalrroassierefitiisslandard.
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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
range Vijgpayy — 200 mV < Vi < Vi iy + 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,
Vihgmin) = 2.00 V. An input potential V; of 0.80 V or less shall be interpreted by the receiver as a logical low
(zer0). Thus, Vijimayey = 0.80 V. The switching region is defined as signal potentials greater than Vi, and
less than Vip, i) 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 met-across the full
range of supply voltage specified in 22.5.1.

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

The input curtent characteristics for all MII sighals 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 All except CQL, — 200
MDC, MDIO
cort - 20
MDc* S 20
MDIOS — 3000
MDIO™ — 20
Ly Input Low Current V;=0.00V | Allexcept COL, 20 -
MDC; MDIO?
coLb 500 e
MDC* 20 —
MDIoY ~180 _
MDIO® —3800 —

This is ancdgrbive BEESkangadsdtias been superseded by a later version of this stangard.
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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 MDIOY — 1450
MDIO® 1450 _

*Measured at input of Reconeiliation 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 input of Reconciliation sublayer:

Measured at input of PHY.

SMeasured at input of STA.

“Measiired at input of PHY, which can be attached via the meéchanical interface specified in 22.6.

NOTE—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 resistive pull-dowris 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 | 4 5% on the MDIO
signal inthe STA. They require-a resistive pull-up of 1.5 k | 5% on the MDIO signal in a PHY ‘that 1s attached to the MII
via the mechanical 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 samie 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 itiput 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 pairs of conductors with an overall shicld 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 is recommiended that the signals RX. CLK and TX CLK be connected to pairs that are located in the center
of the cable bundle:

22.:4.5.1 Conductor size

The specifications for dc resistance in 22.4.5.6 and characteristic impedance in 22.4:5.2 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.

This is argérchive IEEE Standard. It has been superseded byggplalarosassieeethitiysstandard.
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22.4.5.4 Delay variation

The variation in the propagation delay of the twisted paits 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 connécted 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 shielding; is strongly recommended.
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22.4.5.6 DC resistance

The dc resistance 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 appliéd (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 iniserting or removing-a PHY from an operational system may cause the 108§ of one or more packets
or management frames that may be in transit across the MII ot MDL

22.5 Power supply

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

The power supply shall use the following MII lines:

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

22.51 Supply voltage

The regulated supply voltage (o the PHY shall be 5 Vde + 5% al the MIT connector with:respeci (o (he 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 0V or greater than +5.25 Vdc.

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

22.5.2 Load current

The sum of theé currents carried on the +5 'V lines shall not exceed 750 mA, measured. at the MII connector.
The suige current drawn by the PHY shall not exceed 5 A peak for a-period of 10 ms. The PHY shall be
capable of poweritg up from 750 mA current limited sources.

22.5.3 Short-circuit protection

Adequate 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 lines:
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22.6 Mechanical characteristics

When the MII is used to interconnect two printed citcuit assemblies via a shott length of cable, the cable
shall be connected 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 MII connector. The circuit assembly that contains the MAC sublayer and Recon¢iliation
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 be used for the MII connector at the PHY circuit assembly.

NOTE—AII MII conformance tests are performed at the mating surfaces of the MII connector at the Reconciliation sub-
layer end of the cable. If a PHY circuit assembly does not have a permanently attached cable; the vendor must enstre
that all ‘of the requirements of this clause are also met when a cable that meets the requirements 'of 22.4.5 is used to
attach the PHY circuit assembly 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 shield to the ‘chassis. The transfer impedance of this path shall not exceed the values
listed in table 22-11, after a minimum of 500 cy¢les 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 226 dB]|
159 MHz ~13dB]
500 Mz ~5a]

All additions to provide for female shell to male shell conductivity shall be on the shell of 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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22.8.3 Connector pin numbering

Figure 22-18 depiets the MI sonnector pin nouubering, as seen loeoking tnto the contacts of a female connec-
tor from the mating side,

O}BBO‘?SQ?SQ? ?Owoiﬁowaﬁdﬁzai 1 O‘H}Q‘é 0?3 0? 08 Gﬁ 04 03 02 (}‘E
(}4(} giig (}'58 03 { QS& a&ﬁ 03»4 QSE\ Qéé (}31 t}di) QEQ 92& QZ 7 {}zb Q,Ef) 924 {.}23 O.z.e Qé“i

Figure 22-18—Mi conneclor pin numbering

22.6.4 Clearance dimensions

The clireutt assembly that containg the MAC sublayer st Reconciliation sublaver shell provide sufficient
clearance around the MI connector to allow the attachument of cables that use die cast metal backshells and
overmold assemblies. This requirement may be wet by providing the clearance dimensions shown in
figure 22-19,

Figure 22-19—Mll connector clearance dimensions
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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 +5V

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_FR 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 Cor, 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 (MII)2°

22.71 Introduction

The supplier of a protocol implementation that is claimed to conform to IEEE Std 802.3u-1995, Reconcilia-
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 approptiately to correspond with a suppliet’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)

Identification of amendments and corrigendato this PICS
proforma that have been completed as part of this PICS

Have any Exception items been required? No[] Yes| |
(See clause 21; the-answer Yes means that the implementation does not conform to the standard.)

Date of Statement

BCopyright release for PICS proformas “Users of this:standard may freely reproduce the PICS proforma in this annex so that it 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 22.2.1.5 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 22.2.2.1 M 25% of transmitted data rate
(25MHz o1 2.5 MHz)
SE2 TX CLK duty cycle 22221 M 35%t0 65%
SF3 RX_CLK min high/low time 22222 M 35% of nominal period
SE4 RX CLK:synchronous to re- 22222 M
covered data
SF5 RX CLK frequency 22222 M 25% of received data rate
(25 MHz or 2.5 MHz)
SF6 RX CLK duty cycle 22222 M 35% to 65%
SE7 RX CLK source due to lossof | 22.2.2.2 M Nominal clock reference
signal (e.g., TX CLK reference)
SF8 RX CLK transitions-only 22.2.22 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 22.2.2.3 M On first nibble of preamble
SF11 TX _EN temains asserted 22223 M Stay asserted while all nibbles
are transmitted over MII
SF12 TX_EN transitions 22223 M Synchronous 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 Synchronous with TX. CLK
SF15 TXD<3:0> effect on PHY 22224 M No-effect
while TX EN'is 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 effect on PHY while 22225 M Noeffect on PHY
operating at 10 Mb/s, or when
TX_EN iside-asserted
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Item Feature Subclause Status Support Value/Commient
SF19 TX_ER implementation 22.2.2.5 M AtMII of a PHY
SF20 TX_ ER pulled down if not ac- | 22.2:2:5 M At MIT of a repeater or MAC/
tively: driven RS-only
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 fram¢ per
figure 22-6
SF23 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
SE26 RX_ER: lransitions 22228 M Synchironious with RX CLK
SE27 RX ER effect on Recoricilia- 22228 M No-ettect
tion sublayer while RX. DV i
de-asserted
SF28 CRS:assertion 22229 M By PHY when either transmit
or recerve 1S NON-IDLE
SF29 CRS de-assettion 22229 M By PHY when both transmit
and receive are IDLE
SF30 CRS assertion during collision | 22.2:2.9 M Remiain 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 niin period 222211 M 400:ns
SF36 MDIO uses three-state drivers: | 22.2.2:12 M
SF37 PHY pullup on MDIO 222212 M 15k| £5% (to +5V)
SF38 STA pulldown on MDIO 222212 M 2k| £5% (to0OV)
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22.7.3.3 Frame structure
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Item Feature Subclause Status Support Value/Comment
FS1 Format of transmitted frames 2223 M Per figure 22-10
FS2 Nibble transmission order 2223 M Perfigure 22-11
FS3 Preamble 7 octets long 22.2.32.1 M 10101010 10101010:10101010
10101010
10101010 10101010
10101010
Fs4 Preamble and SFD transmis- 222.32.1 M Per table 22-3
sion
FS5 Preamble and SFD reception 22.2.32.2 M Per table 22-4, table 22-5
FS6 N octets transmitted as 2N 22233 M Per figure 22-11
nibbles
FS7 Indication.of excess nibbles 22.2:3.5 M Frame contains non=integer
number of octets is received
22.7.3.4 Management functions
Item 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)
MEF2 Action on reset 22:2:4.1.1 M Resettheentire 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(when reset is donie; 0.151s
self clearing)
MF4 Reset completes within 0.5 s 22.24.1.1 M
MF5 Loopback mode 22.2.4.1.2 M Whenever0.14 i§'1
MEFE6 Receive circuitry 1solated 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
MF8 Propagation of data‘in loop- 222412 M PHY accepts transmit data and
back mode retum'it as receive data
MF9 Delay from TX ENto RX DV | 22.2.4.1.2 M Less than 512 BT
m loopback mode
MF10 Behavior of COL in loopback. | 22.2:4.1:2 M De-asserted (for 0:7 =0)
mode
MEFE11 Behavior of COL in loopback 222412 M I£0.7 =1, see MF33-and MF34
mode

This is ancéyrpive lEaE Slangardsedbhas been superseded by a later version of this standard.
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LOCAL AND:METROPOLITAN AREA NETWORKS:

Item Feature Subclause Status Support Value/Comment

MF12 Value of speed selection bit for | 22.2.4.1.3 M Set to match the correct PHY
single speed PIIY 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 222.4.14 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 withoutAuto-Negotiation | 22.2:4.1:4 M Yes (if 1.3=0, then 0.12=0)
teturns value of zero

MF17 PHY withoutAuto-Negotiation | 22.2.4.1.4 M Yes (if 1.3=0; 0:12-always =0
ignores writesto enable bit and cannot be changed)

MFI18 Response to management 22.2:4:1:5 M Remains active
transactions in power down

ME19 Spurious signals in power 22.2.4.1:5 M Norie (not allowed)
down

MF20 TX.CI.Kand RX_CLK stabi- | 22.2.4.1.5 M Yes:(after both bits 0:11and
lize within 0.5 s 0.10 are cleared to zero)

ME21 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)

MEF23 Response to management 222.4.1.6 M Remains active
transactions while isolated

MEF24 Default value of isolate 222416 M 0.10=1

ME25 PHY without Auto-Negotiation | 22.2.4.1.7 M 0.9=01if1.3=00r0:12=0
returns value-of zero

ME26 PHY withoutAuto-Negotiation | 22.2.4.1.7 M 0.9 =0, cannot be changed if
ignores writes to restart bit 1.3=00r0.12=0

MF27 Restart Auto-Negotiation 22.2:4.1.7 M When'0.9=11f 0.12 = 1-and

1.3=1

ME28 | Returni 1 until Auto-Negotia- 222417 M 0.9'is self clearing to 0
tion initiated

MF29 Auto-Negotiation not cffected |- 22.2.4.1.7 M
by clearing bit

ME30 Value of duplex mode bit for 222:4.1.8 M Set 0.8 to match the correct
PHY s with otie duplex inode PHY duplex mode

MEF31 PHY with one duplex mode ig- | 22.2:4.1.8 M Yes (08 remains unchanged)
nores wriles (o duplex bil

ME32 Loopback not affected by du- 22.2.4.1.8 M Yes (0:8 has no effecton PHY
plex mode when0.14 = 1)

MF33 Assertion of COL i collision | 22.2:4.1.9 M Within 512 BT after TX_ENis
test mode asserted

This is arygrchive [EEE Standard. It has been superseded bygplalaroass ppeofithis siandard.
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Item Feature Subclause Status Support Value/Commient
MF34 De-assertion of COL in.colli- 22.2.4.1.9 M Within 4 BT after TX_EN'is
sion test mode de-asserted
ME35 Reserved bits written as zero 222:4.1.10 | M
MEF36 Reserved bits ignored when 222.4.1.10 | M
read
ME37 PHY returns 0inreserved 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 returns 0 in reserved bits | 22.2.4.2.6 M
MF41 PHY returns 0 if Auto-Negotia~ | 22.2.4.2.8 M Yes (1.5 =0when 0.12=0)
tion‘disabled
ME42 PHY returns O if it lacks ability | 22.2.4.2.8 M Yes(1.5=0when 1.3=10)
to perform Auto-Negotiation
MF43 Remole fault has 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 reiote fault re- 222429 M Yes (1.4 always 0)
turns value of Zero
MF47 Link status has latching 2224211 |'M Yes (once cleared by link fail-
function ure will remain cleared until
read by MII)
MF48 Jabberdetect 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
MES51 100BASE-T4:and 100BASE-X | 22.2.42.12 | M Yes (1.1 always= 0 for
PHY sreturn 0 for jabber:detect 100BASE-T4 and 100BASE-
TX)
MEFE52 MDIO not driven if register 22243 M Yes (MDIO remain high im-
read 1s unimplemented pedance)
MES3 Write has no effect if register 22243 M
wiitten is unimplemented
ME54 Registers 2 and 3 constitute 222431 M
unique identifier for PHY type
MFS55 MSB.of PHY identifieris 2:15 | 22.2.4.3.1 M
ME56 1.SB of PHY identifier is 3.0 222431 M
MF57 Composition of PHY identifier | 22.2.4.3.1 M 22-bit:O UL, 6-bit model, 4-bit
version per figure 22-12
ME58 Format of management frames | 22.2.4.4 M Per table 22-9

This is ancbyebiveBSE Siangiands lbhias been superseded by a later version of this standgard.
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LOCAL AND:METROPOLITAN AREA NETWORKS:

Item Feature Subclause Status Support Value/Commient
MF59 Idle condition.on MDIO 22.2:44:.1 M High mpedance state
MF60 MDIO preamble sent by STA 222442 M 32 contiguous logic one bits
MEF61 MDIO preamble-observed by 222442 M 32 contiguous logic-one bits
PHY
MFE62 Assignment of PHYAD 0 222445 M Address of PHY attached via
Mechanical Interface
MF63 Assignment of REGAD 0 222446 M MII control register address
MFo64 Assignment of REGAD 1 222446 M MII status register address
MEFE65 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 turnaround-in read
transaction
ME67 STA drives MDIO-duning turn- | 22.2.44.7 M
around in write transaction
MF68 First-data bit transmitted 222448 M Bit 15 of the register-being ad-
dressed

This is amgrehive IEEE Standard. It has been superseded by lalarosassiebeohitissstanedard.
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22.7.3.5 Signal timing characteristics

|IEEE
Std 802.3, 1998 Edition

Ttem Feature Subclause Status Support Value/Comment

ST1 Timing characteristics mea- 22.3 M
sured in-accordance with
annex 22C

ST2 Transmit signal clock to output | 22.3:1 M Min:= 0 ns; Max =25ns
delay per figure 22-14

ST3 Receive signal setup-time 22.3.2 M Min = 10 ns per figure 22-15

ST4 Receive signal hold time 2232 M Min = 10 ns per figure 22-15

STS MDIO setup and hold time 22.34 M Setup min= 10 ns; Hold min=

10 ns per figure 22-16

ST6 MDIO ¢lock to output delay 22.34 M Min = 0'ns; Max = 300.n8

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 impedance of driver 2242 M Onall electrically long point to
used to-control reflections point signal paths

EC5 Vi 224.3.1 M 224V (I =-4 mA)

EC6 Vi 22.4.3.1 M " 04V (I =4 mA)

EC7 Performance requirements to 22:4.32 M Min switching potential change
be guaranteed by ac specifica- (including its reflection) > 1.8 V
tions

EC8 Viki(ininy 22441 M 2V

EC9 Viitmax) 22.4:4.1 M 0.8V

EC10 Inpiit current measurement 22442 M At MII connector
point

EC11 Input current reference poten- 22442 M Reference to MII connector
tials +5 Vand COMMON pins

EC12 Input current reference poten- | 22:4.4.2 M 0Vt 525V
tial range

EC13 Input-current limits 22442 M Per table 22-10

This is ancbyrhive BEE Slangaidsrlbhias been superseded by a later version of this standard.
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LOCAL AND:METROPOLITAN AREA NETWORKS:

Item Feature Subclause Status Support Value/Commient

EC14 Input capacitance for signals 22443 M "8 pF
other than MDIO

EC15 Input capacitance for MDIO 22:4:4.3 M " 10 pF

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 "2.518

EC20 Twisted-pair propagation delay | 22.4.5.3 M With return conductor connect-
measurement method ed to cable shield

EC21 Twisted-pair propagation delay | 22.4.5.3 M 25 MHz
measurement frequency

EC22 Twisted-pair propagation delay | 22.4.5.4 M " 0.1ns
variation

EC23 Twisted-pair propagation delay | 22:4.5:4 M With return conductor connect-
variation measurement method ed to cable shield

EC24 Cable shield termination 22455 M To the connector shell

EC25 Cablé 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 impedatce
durinig hot insertion

EC28 State of PHY output buffersat--| 22.4.6 M High impedance until enabled
ter hot insertion via Isolate bit

This is arggrchive IEEE Standard. It has been superseded bygplalarosessiereafitiyssiandard.
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22.7.3.7 Power supply

|IEEE
Std 802.3, 1998 Edition

Ttem Feature Subclause Status Support Value/Comment
PS1 Regulated power supply 2.5 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 5Vde£5%
PS4 Over/under voltage limits 22.5.1 M Over limit =525 Vdc
Under limit =0V
PS5 Load current limit 22.52 M 750 mA
PS6 Surge current limit 2252 M "5 A peak for 10ms
PS7 PHY can power up from cur= 2252 M From 750 mA current limited
rent limited source source
PS8 Shott-circuit protection 2253 M When +5V and COMMON are
shorted
22.7.3.8 Mechanical characteristics
Ttem Feature Subclause Status Support Value/Comment
*MCL. | Useof Mechamcal Interface 22.6 O Optional
MC2 | Connector reference standard 22.6.1 MCI:M IEC 1076-3=101: 1995
MC3. | Use of female connector 2256.1 MCI:M AtMAC/RS side
MC4 | Useofmale connector 22.6.1 MC1:M AtPHY mating cable side
MCS5 | Connector shell plating 22,62 MCI:M Use conductive matenal
MC6 - | Shield transfer impedance 2262 MCI:M After 500 cycles of mating/
unmating, per table 22-11
MC7 | Additionsto provide for female - | 22.6.2 MCI:M On shell of conductor with
shell to male shell conductivity male contacts
MC8. | Clearance dimensions 22,64 MCI:M 15 mm % 50 mm; per
figure 2219

This is ancégrpive BhESkangatdedbhas been superseded by a later version of this stanggrd.
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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 at users 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/MIEC 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). Providéd in this docu-
mentare (ull furiclional, electrical, atd mechanical specilications 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) - To support 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) - Toprovide foroperating over unshielded twisted pairs of Category 3, 4, or 5 ¢able; installed as hori-
zontal tuns in accordance with ISO/IEC 11801: 1995, :as specified in 23.6, at distances up to 100 'm
(328 f1).

¢) - Toallow fora 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 ettor rate, ‘at the PMA ‘service
interface, of less than one part in 108,

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 TEEE 802.3 CSMA/CD LAN model are shown in figure 23-1. The PHY Layers shown in fig-
ure 23-1 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 clause builds on
clauses 1 through-4-of this standard.

23.1.4 Summary

The lollowing paragraphs sumimarize (he PCS and PMA clauses ol this document.

23.1.4.1 Summary of Physical Coding Sublayer (PCS) specification

The 100BASE-T4 PCS couples a Media Independent Interface (MIL), as described in¢lause 22, to a Physical
Medium Attachment sublayer (PMA).

This is an Archive |IEEE Standard. It has been superseded by a later version of this standgrd.
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REFERENCE LAN
MODEL CSMACD
LAYERS LAYERS
APPLICATION HIGHER LAYERS
PRESENTATION| /| LLC—LOGICAL LINK CONTROL
SESSION | 7 MEDIA ACCESS CONTROL
TRANSPORT | / /| RECONCILATION |
NETWORK | M N
DAALINK |/ EPCS e - 3 PHY

PHYSICAL

To 100 Mb/s Baseband Repeator Sat
oF fo HIBASE-T4 PHY {point-in-point ink}

5

100 Mbis

M = MEDIUM DEFENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
M = MEDIA INQEFENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
FHY = PHYSICAL LAYER DEVICE

* Ml s optionsl.
** AUTOMES communinates with the PMA sublaver through the PMA service inteiface messages
PRA_LINK roquest and PMA_LINIK indicate.
= MITONEG is optional.

Figure 23-1—Type 100BASE-T4 PHY relationship to the 180 Open Systems
interconnection {O81) reference model and the IEEE 802.3 CEMA/CD LAN model

The PCH Transiut function accepts date nibbles from the MIL The PUS Transmit Bmction encodes these
nibbles using an EB6T coding scheme (o be desaribed) and passes the resulting fernary symbeols 1o the
PRMA. In the reverse divection, the PRMA conveys recetved temary syinbols to the PCS Recerve function. The
PSS Recetve uwtion decedes them into ovtets, and then passes the cotels one ntbble at 2 time up to the MIL
The PCS also contains a PUS Carrler Sense function, 8 POS Frror Sense function, 3 PCS Collision Presence
function, and 2 management interface,

Figure 23-2 shows the division of responsibilities between the POS, PMA, and MDI layers,

Physical level conununication between PHY entities takes place over four twisted pairs. This specification
perits the use of Category 3, 4, or § unshielded twisted pairs, mstalled aceording fo ISOABC 11801 1995,
as spectfied 1 23.6. Figuee 23-3 shows how the PHY manages the four twisted pairs at its disposal.

The D0BASE-TS dransumission algorithn always leaves one patr open for detecting carrier from the far end
{see figyre 23-3). Lewving one paw opent for carrier detection 1 cach diection greatly sinplifies media accesy
cortrol, All collistonr detection funcdons are accomplished nsing only the nnidirectional pairs T D and
RX_ D2, i o manmer sionilar o JOBASE-T, This eollision detection sirategy Ieaves theee pairs in sach direction
free for date fansmission, which uses an 8RET black code, schematically represented 1n figure 234,

BBHT coding, sy used with [00BASE-T4 signaling, maps data octets ndo ternary sytobels, Each potet s
mapped to a patiern of 6 temary symwbols, called a 6T code group. The 67 code groups are fanned out o
three independent serial channels. The effective data rate carried on sach pair is one thivd of 100 Mbis,

This s angarchive IEEE Slandard. 1 has been superseded by a laler version of this standard.
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Figure 23-2—Division of responsibilities between {00BASE-T4 PCS and PMA

% D1 W{\ —

Detect gy 532~~«~-<‘ﬁ3

TX_Dt

> Rx_pp  Deted
coliisions - - collisions
onRX D2 D} on RY_D2
By O, T - BI_D3
e —
m{/\}” ------- »
Bl D4 4 ¢ Bl D4
< «
DTE X Repeater with internal trossower

{orossover is optional—see 23.7.2

Figure 23-3—Use of wire pairs
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ottetis ™ BT vesde group formed from one ookt
coded nitn
six tormnary ¢+ 2 3 4 & B
syinbols ; : : :
; Each ternary
-k PR symbal = 4D Bs
Figure 23-4—8B8T coding

which iz 33.333... Mb/s The temary symbaol fransmnission rate on each pair 1s 88 times 33,33 Mbfs, or pre-
cisely 25.000 MHz.

Refer to anmex 23A for a conmplete lsting of 8BET code words.

The BCS functions and state disgrams are specified in 23.2. The PCS elecirieal mterface to the MIT conforms
to the interface requirements of clawse 21, The PCS interface o the PMA is an abstract message-passing
mterface specified in 33,3,

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 medium. The
PMA provides communications, at 100 Mb/s, over four pairs of twisted-pair wiriag up fo 1030 m in length.

The PMA Transout function, shown i Bawre 23-2, comprises thres independent temary data transmutters.
Lipon receipt of 2 PMA_UNITDATA request meessage, the PMA synthesizes one temnary symbol on each of
the three output channels {TX_D1, BL D3, and BI D4} Back output driver has a fornary output, meaning
that the output waveform can assume any of three values, corvesponding to the fransinission of terpary syme-
bols TS0, O8I or 081 {sea 23.4.3.1) on each of the twisted pams.

The PMA Recerve fimction comprises three independent ternary data receivers. The receivers are responsi-
ble for acquiring clock, deceding the Start of Siream Dielimiter (85I} on each channel, and providing data fo
the PCS i the synchronous fashdon defined by the PMA_TINITDATA sndicate message. The PRA alse con-
tains functions for PMA Carrier Sense and Lk Integrity.

PMA functions and stede diagrams appear i1 23,4, PMA elecirival specificalions appear in 23.5.

23.4.5 Application of 100BASE-T4

23.1.5.1 Compatibility considerations

All implementations of the twistedpair link shall be compatible at the BMDU The PCR, PMA, and the
medivg are defined to provide compatihility among devices designed by different manufacturers. Designers
are free to hnplement civcuitry within the PCS and PMA {1n an application-dependent manner) provided the
WD fand MU, when iraplemented) specifications are mel.

23.1.5.2 Incorporating the 100BASE-T4 PHY into a DTE

The PCE is required when used with @ DTE, The PCS provudes fianclions necessary 1o the overall system
operation {such as B6T voding) and cannot be amitted. Refer to figure 23-1.

This s angdrchive IEEE Slandard. 1 has been superseded by a ater version of this standard.
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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 incorporate 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 to support 100 Mb/s operation), may be used at both ends-of a link for point-to-point applica-
tions between two DTESs. - Such a configuration does not require ‘a repeater. In this case cach PHY may
connect through an MII to its respective DTE. Optionally, either PHY (or both PHY's)' 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 (MID), 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 electrical 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 one PCS Reset function and five simultancous 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 clause 30.
See also figure 23-6, which defines the structure of frames passed from PCSto PMA. See also figure 23-7,
which presents: a reference model helpful for understanding the definitions of PCS Transmit function state
variables ohrl-4 and tsr.

23.2.1.1 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 standgyd.
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Figure 23-5FCS reference diagram

23.2.1.2 PCS Transmit function
The PCE Transant fimetion shall conform fo the PCK Transntt state diagram in fgure 23-8,

The PCS Tramsnit fanction recerves sibbles from the TND signals of the M, gssembles paivs of nibbles to
form octets, converts the octels into 67 code groups according to the 8BET code table, and passes the result-
g ternary data 1o the PMA g the PMA UNITDATA request message. The state diagram of figure 23-%
depicts the PCS Transmit fuebon operation. Definttions of state variables tsy, obe, sosa, sosb, popl-3, and
tx_extend used w that diagram, as well as e the following text, appear in 23.2.4.1. The physical structure
vepresented m figure 23-7 15 not required; 1 merely serves to explain the meaning of the state diagram vare-
ables ohe and tsr in figure 23-8. Duplementors are free o construet any logical devices baving fuctionality
identical to that desenibed by this hnctional description and the PCX Transmit state diagram, figure 23-8.

PUE Transmit makes use of the tsr and ohr slift registers {o manage nibble assenbly and tersary symbol
travsmission. Nibbles from the MII go into tsr, which PUS Tomnsmtt reads as octets, PUS Transmit then
enoodes those ootets and writes 67 code groups 1o the ohr registers, The PMA_ IINITDATA request message
passes ternary svoobols from the ohr registers 1o the PMA, In sach state dingram block, the obr Ivading oper-
ations are copducted Brst, then x_code_vector is loaded and the state diagram waits 40 as.

The first 5 octets assembled by the PUS Trassodt fuoction are encoeded 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 preamble pattern. This is accomplished by the defindtion of t3r. In addition, the PUS Transmit state dia-
gram also specifies that at the stat of 2 packet all three outpur holding registers abrl, olud and ohrd will be
foaded with the seme value {sosa). This produces the ternary symbols labeled P3 and P4 in figure 23-6.

This s angdrchive IEEE Slandard. I has been superseded by a ater version of this standard.
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At the conclusion of the MAC frame, the PCS Transmit function appends-eopl-5. This is accomplished by
defining a variable tx  ¢xtend to stretch the TX  EN signal, and defining tsr during this time to be a sequence
of constants that decodes to the proper eop code groups.

‘The encoding operation shall use the 8B6T code table listed in annex 23 A, and the dc balance encoding rules
listed below. Encoding 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 (see weight of 61 code group, anmex 21A) transmitted on that pair. For ¢ach
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 transmitted 6T code groups, so that the code weights transmitted on the line include 0, +1,
and ~1. This d¢ balarice algorithm ensures thal the cumulative weight on each pait al the ‘conclusion 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.”

After encoding 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 c):

a) Ifthe 6T code group weight is 0, do not change the cumulative weight:

b) - If the 6T code group weight is 1, and the cumulative weight bit is 0, set the cumulative 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):

¢)  Ifthe cumulative weight is 0,-do not change the cumulative weight; algebraically negate all the ter-
nary symbol values in eopl=3:
f) - Ifthe cumulative weight is 1,:do not change the cumulative weight.

NOTE—The inversion rules for éopl-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 figure 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, appearin23.2.4.1.

The last 6 values of the-rx code_vector are available to the decoder. PCS Receive makes use of these stored
1x_code vector values:as well as the 1th2-4 registers to: manage the assembly of fernary symbolsinto 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 B D3 (as
extracted from the last 6 values of rx_code _vector) are referred to in the state diagram as BI_D3[0:5]. Other
pairs are referenced accordingly.

The PCS Receive state diagram starts the first time the PCS receives a PMA: UNITDATA: indicate message
with 1x_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) miessage (state DECODE CHANNEL 3), there is
enough information to decode the: first data octet. The decoded data is transmitted actoss 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 begins
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:HI, 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 MIL. 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 23 A, and the error-detecting rules listed
in -23.2.1.3.1. Decoding ‘and maintenance of the cumulative weight bit is performed separately 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 each pait; 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
pair is needed to store the cumulative weight.

Before decoding each octet; check the weight of the incoming code group and then apply tules a) through h)
in sequence:

a). - Ifthe received code group is eopl (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 symbols 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 dog¢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 charige the cumulative weight.

¢) - Ifthe 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 s 0, use the code table to
decode. Invert the cumulative weight bit.

¢)  Ifthe received code group weight is =1, and the cumulative weight bit is I, 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) If the received code group weight is —1 and the cumulative weight bit is 0, set the internal variable
dc balance error=ON. Decode to all zetos. Do not change the cumulative weight.

h) - Ifthe (possibly negated) code groupis not found inthe code table, set codeword. error =ON. Decode
to all zeros: Do not change the cumulative weight.

This is ang@irchive IEEE Standard. It has been superseded by a later version of this standard.
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The variables dc_balance_error, ¢op. error and codeword. error shall r¢émain OFF at all times other than
those specified in the above error-detecting nules.

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 MIL

The dc_balanceerror=ON indication for a.code group shall set RX_ER during the transfer of both affected
data nibbles across the MIL

The eop_error=ON indication shall set RX ER during the transfer of the last decoded data nibble of the pre-
vious. octet across: the MII. That is at least one RX CLK period earlier than the requirement for
codeword._error and dc_balance error.

These timing requirements 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 SFD; but not including the 100BASE-T4 end-of-packet delimiters eopl-5. When a packét is trun-
cated due to early de-assertion of carrier status, an RX. ER indication shall be 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_errot 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 Error Sense state diagram in figure 23~
10.

Upon:detection 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 fitst
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 rxcrs=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 occurtence of tx_code_vectorTIDLE and 'the assertion of
carrier_status—ON while link _status=OK. While a PCS collision-is detected, the MIIL 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 standgrd.
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23.2.2 PCS interfaces
23.2.2.1 PCS-~Mll interface signals

The following signals are formally defined in22.2.2. Jabber detection as. specified in 22.2.4.2.12 is not

required by this standard.
Table 23-1—Mll interface signals
Signal name Meaning
TX CLK Transmit Clock
TXD<3:0> Transmit Data
TX ER Forces transmission of illegal code
IX_EN Frames Transmit 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. Opetration of the management control
lines MDC and MDIO; 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 spurious signals shall be ‘emitted onto- the MDI when the PHY is held in power-down mode as defined in
22.2.4.1.5 (evenif TX_EN is-ON) or when released from power-down mode, ot when external power is first
applied (o the PHY.

23.2.3 Frame structure

Frames passed from the PCS sublayer to the PMA sublayer shall have the structute 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 BI_D3.
It could have-appeared on any of the three transmit pairs, ‘with the five words eop1-through eop3 appended
afterward ‘as the next five octets in sequence. The end of packet as recognized by the PCSis defined as the
cnd of the last tcrary symbol of copl. At this point a rcceiver has gathered cnough information to locatc the
last word in the packet and check the de balance on cach pair.

If the PMA service interface 1s-exposed, data carried between PCS and PMA by the PMA_UNITDATA.indi-
cate and PMA_ UNITDATA request messages shall have a- clock in each direction. Details of the clock

This is argfrchive IEEE Standard. It has been superseded by a later version of this standard.
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BI-D4 "BI.D3 ~ [P4 | sOsA| SOSB | DATA1] EOP_1 | EOP_4
+ 4 2T 27|27 . Last Va :
: . oT Startof dattat Defined enq ‘?f End of packet recognized
Transmit’ Receive Stream octe packet for timing by PCS and DC balance
pair pair references (23.11) 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 ternary 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 1 =1 1 -1];which is the result of
encoding the constant sosa.

SOSB The succession of six ternary symbols: [ -1 =11 =1 =1 1];whichisthe result of
encoding the constant sosb:

P3 The succession of two ternaty symbols: [ 1 =17,

P4 The succession of four ternary symbols: [ 1 =1 1 =1].

DATA A 6T code group that is the result of encoding a data octet in a packet that is niot part of the clause
4 MAC prcamblc or SFD.

EOP1-5 - A 6T code group-that is the result of encoding one of the end-of-packet patterns copl-5.

23.2.4 PCS 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:

23.2.4.1 PCS state diagram constants

Register tsr may take on any of the nine constant values listed below (sosa through eop3, 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
imiplementors may  choose to implement these codes as special flag bits attached to MIL TXI nibble registers. Other
iniplementors may choose to implement inisettion of these codes on the downstream side of the coder function; ising
precoded 6T sequences.

This is an Archive IEEE Standard. It has been superseded by a later version of this standgrd.
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Al 6T code words are sent leftmost ternary symbol first.

sosa
sosb
copl
cop2
eop3
copd
copd

A constant thatencodesto; [ 1 =11 -1 1 =1].

A constant that encodesto: [ 1 -1 -1 =1 =1 1].

A constant that encodes to; [ L 11 1 1 1]

A constant that encodesto: [ 1 -1 1. 1 -1 -=1].

A constant that encodesto: [ 1 -1 -=1 =10 0]

A constant that encodes to: [ =1 =1 =1 =1 =1 =1].

A constant that encodes to: [ =1 =1 00 -0 0]

bad code A constant that éncodesto: [ =1 =1 =1 1 1 1].
[ 0 0 0 0 0 0]

zero code A constant that encodes to:

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 rules

dc balance error

eop

Indicates reception of dc coding violation:
Values: ONand OFF
Set by: PCS Receive; error-detecting rules

Indicates reception of ¢opl.

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 copshall be adjusted such that the last nibble of the last decoded data octetin a packet is the last
nibble sent actross the MII by the PMA Receive state diagram with RX DV set ON:

Values: ON and OFF
Set by: PCS Receive; etror-detecting rules

cop_error

Indicates reception of data with improper end-of-packet coding:
Values: ONand OFF
Set by: PCS Receive; error-detecting rules

This is aryrchive [EEE 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 prepatation 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 BL D3, respectively:

Value: octet
Set by: PCS Receive

Each time the PCS Receive function decodesa 6T code group. it loads the result (an octet) into
one 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, réspectively.

Valuc: 6T codc group. Each of the six cells holds onc ternary symbol (i.c.; =1, 0, 0r 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 octéts on the three transmit pairs
in round-robin fashion, in the order TX D1, Bl D3, and BI_ D4, starting with TX_D1.

The PMA__UNITDATA request (DATA) message picks the least significant (rightmost) (ernary
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[BI. 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 ohr registers shift right by one ternary

symbol, shifting in zero from the left. The PCS Transmiit 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 value (sosa) into-all
three output holding registers. which causes altérnating transitions to immediately appear on all
three output pairs. The result on pairs BI D3 and BI D4 is depicted by code words P3 and P4 in
figure 23-6.

pes_resel
Causes reset ol all PCS [unctions when ON.
Values: ONand OFF
Set by: PCS Reset

This is an Archive [EEE Standard. It has been superseded by a later version of this standgrd.
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X Crs
A latched asynchronous variable. Timing for the MIIsignal CRS is detived from rx ¢rs.
Values: ON and OFF
Set ON when: - carrier status changes to ON

Set OFF when - cither of two events-occurs:
carrier_status changes to OFF, or
detection of eopl, properly framed, on any of the lines RX D2, BI D4, or
BI D3

Additionally, if; 20 ternary symbol times after rx cits falls, catrier_status remains set to ON then
set1x crs=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 requirements for CRS listed in clause
23.11.

tsr (transmit shift register)

(See figure 23-7.) A shift tegister defined for the purpose of assembling nibbles from the MII TXD
into octets:

Values: The variable tst always contains both the current nibble of TXD and the previous
nibble of TXD. Valid values fot tsr therefore include all octets. Register tsrmay
also take on any of the nine constant values listed in 23.2.4.1.

Nibble order: When encoding the tsr octet, the previous TXD nibble is considered the least
significant nibble.

Set by PCS Transmit

During the first 16 TX - CLK cycles after TX EN is asserted, tsr'shall assume the following values
in sequence regardless of TXD: s0sa, 50sa; S0sa, $0sa, SOSA, S0$A;5052, $05a, S0S4, S0S8a, S0Sb; 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, tst shall assume the following
values in sequence, regardless of TXD: eopl, eopl, eop2; cop2, eop3, cop3, cop4, eop4, eop3,
eop5. This action appends the 100BASE-T4 end-of-packet delimiter to each pair. The PCS
Transmit state diagram samples the tsr only every othér 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 ER and 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 valuebad: code.

If TX_EN is de-asserted on an odd nibble boundary, the PCS shall extend TX EN by one
TX. CLK cycle; 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, tst shall assume the value zero code.

This is anggrchive 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 signhal long enough to ensure
comiplete transmission-of all nonzero ternary symbols in copl-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)
settx extend=OFF when TX EN de-asseits.
b) In the event of nocollision (COL remains de-asserted throughout
transmission) set tx_extend=OFF upon-completion of transmission of last
ternary symbol in copd-

NOTES

1—The 6T code group eop5 has fourzeroes at the end. The 6T code group eopd 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 timet.
Values: The condition twl_timer done goes true when the timer expires.

Restait when: - Immediately after expiration (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_timetr dong, the state diagram advances by one block. The message
PMA UNITDATA request is-issued concurrent with tw 1 _timer_done:

23.2.4.4 PCS state diagram functions

encode()
The encode operationof 23.2:1.2.
Argument: octet
Returns: 6T code group
decode()
The decode operation of 23.2.1.3.
Argument; 6T codc group
Returns: octet

This is an Archive I[EEE Standard. It has been superseded by a later version of this standgrd.
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Mil (25 MHz dlock)

I

Ct_lgﬁnt MS nibble
nibble
8 bit
data word + flags
previous LS nibbl
nibble Liciices
sosa
sosb special
eopt constants
eop2
eop3
eop4
eop5

bad..code

e

clearohr3 & 4 hr4l

during collisions | “CLR

— P
msb Is|
tsr 4——*‘ L* ohr1,3and 4 —P‘

Special constants used by TSR
start of packet sosa, sosb
end of packet eopl1-5
TX_ER =1 bad_code
TX_EN =0 zero_code

SUPPLEMENT TO 802.3:

8B6T 6T parallel load
coder
ohr1 *

ohri[0]

"ﬁ tx_code_vector
hr3

CLR " 0 takes: Isb
> ohr3[0 from each
6T ohr

b ohr4[0]

Loading sequence for registers OHR1, 3, & 4

parallel load -ohr1 e e
parallel load ohr3 S Ly [
parallel load ohr4 ey 1

e

TX_CLK period

Figure 23-7—PCS Transmit reference diagram
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23.24.5 PLS state diagrams
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i extersd = §* vl tymer done * i timer_dove ro—
¥ COLLETT NIBBLE BNsh
COLLECT 157 MIBBLE shift right shrt, ohed arst nivd
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twi_trew dine
twri_tamer_done
Ak
COLLECT MIBRLE 2. CODRE 157 oot COLLECT MIBBLE SN4S
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“““““ ¥ v 3
CQUULECT RIBLE 883 CSMLECT MIBBRE 87
shift right o, ofwd and oiwd shuft sight o, ohwd and ohrd
12_code veclor « (b I, chrail, ohesil x_ende_Nerlor s (oheHDL, ohr3jo], ntwafly
PRA& LBTRATA regquesiil_oode_werton} PRA_UNITOIATA requestilx_toie_verton
twd_timer_done w1 tner dong
¥ k
UL LECT MIBELE 8N4 DOLLEDRT NIBBLE BMsg
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» = . CeaE
# %
vl timer dune w_iroer_done

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; eop « OFF
INSERT'RX. ER
rx..code. vector = l?ATA RX DV« 1; RX_ER &1
* PMA_UNITDATA indicate v
COLLECT 1ST TERNARY SYMBOL PMA_UNITDATA.indicate
RX_DV'=0;  RXD<3:0> <0000 v
PMA. UNITDATA.indicate AWAITING IDLE
v RX_DV < 0; RXD<3:0>.« 0000
COLLECT 2ND TERNARY:SYMBOL
V-0 . 000 (x_code_ vector = |DLE)
. <3
RX_DV-=0; RXD=3.0><0 + (1x_code,_ vecter = PREAMBLE)
PMA_UNITDATA.indicate
v
COLLECT-3RD TERNARY-SYMBOL
RX_DV = 0; RXD<3:0> <0000

PMA_UNITDATA:indicate

' l

COLLECT 4TH TERNARY SYMBOL DECODE CHANNEL 2
RXD<0:3> « SFD:LO ih2-=decode(RX_D2[0:5])
RX. DV 1 RXD<0:3> « ih2:LO
— RX DV &A1

MA_UNI idicat
PMA_UNITDATA.indicate PMA_UNITDATA indicate

A v
COLLECT 5TH TERNARY SYMBOL GET (6N+5)TH SYMBOL CHANNEL 4
RXD<0:35 « SFD:HI RXD<0:3> < ih2:HI
RX_DV & 1 RX DV <1

PMA_UNITDATA.indicate PMA_ UNITDATA.indicate

v
v
DECODE CHANNEL 3 DECODE GHANNEL 4
ih3 & decode(Bl_D3[0:5]) ih4. .« decode(BI_D4[0:5])
RXD<0:3% “ih3L0O RXD<0:3> « ih4:LO
RX DV &1 RX_DV &1

PMA_UNITDATA:indicat

@

PMA_UNITDATA indicate

h 4
GET (6N+5)TH SYMBOL CHANNEL 3
GET (6N+5)TH SYMBOL CHANNEL 2
. RXD<0:3> « ih4:HI
D<0:3> h3:
RX 3> ih3:HI RX.DV e 1
RX. DV &1

PMALUNITDATA iridicate PMA_UNITDATA indicate

Figure 23-9—PCS Receive state diagram
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pcs_reset="0ON

l

NO ERROR
de-assert RX_ER

codeword_error = ON
+dc_balance_error = ON
+eop_error=0N

h 4

PCS ERROR
assert RX_ER
rxerror_statts = 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
propettics.

Electrical characteristics of the sighals 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 ¢ither the PCS ora Repeater client. These setvices
are described in an abstract manner and do not imply any particular implementation.

The PMA Service Interface supports 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. RXERROR:.indicate

This is an Archive I[EEE Standard. It has been superseded by a later version of this standgyd.
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23.3.1 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 clients 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-ot
repeater to-the PMA.

23.3.2.1 Semantics of the service primitive

PMA UNITDATA request (tx code vector)

When transmittingdata using 100BASE-T4 signaling; the PMA_UNITDATA request conveys to the PMA
simultaneously the logical output value for each of the three transmit pairs TX D1, BI D3, and BI_D4. The
value of txcode vectorduring data transmission is therefore a three-clement vector; with one element cor-
responding to €ach output pair. Each of the three elements of the tx_ code vector may take on one of three
logical values: 1, O, or —1, corresponding to the three ternary possibilities +; 0, and - listed for each ternary
symbol in the 8B6T code table (sec 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 setting the
tx_code vector parameter to IDLE:

Forpma_type 100BASE-T4, the tx code_vector parameter can take on either of two forms:

IDLE A single value indicating to the PMA that there is no data to convey. The PMA generates
link integrity pulses during 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 onone of three values, 1, 0. or—1.

The ternary symbols comprising tx code vector, when they are comveyed using the: DATA format, are
called, -according -to 'the pair ~on which each -will “be transmitted, tx code vector[BI D4],
tx_code_vector| TX DI1], and tx_code_vector[BL D3].

This is amégchive 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 twl 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 1x_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
simultancously the logical input value for each of the three receive pairs RX_ D2, BI D4, and BI D3. The
value of 1x_code vector during data reception is therefore a three-clement vector, with one element corre-
sponding to ¢ach input pair. Each of the three elements of the 1x code vector may take on one of three logi-
cal 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 rx: code. vector is-sct by the PMA to the valuc IDLE.
From the time the PMA asserts cartier:_status=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 tx_code vector to the

valu¢ PREAMBLE.

Forpma_type 100BASE-T4, the rx code vector paramieter 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 ternary symbol for each pair imay take onone of three values; 1,0, or=1.
The temary symbols comprising rx code vector, when they are conveyed using the DATA format, are
called, according = to the pair upon which ¢€ach symbol ~was received, rx code vector[BL D3],
x 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 received at
the MDI.

This is an Archive [EEE 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 receiptof 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 earliest 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 parameter 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 repeatet 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 enabled by
Auto-Negotiation.

OK The 100BASE-T4 link integrity function detects a valid 100BASE-T4 link, and 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 is unspecified.

This is amgychive 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
Auto-Negotiation algorithm to ¢nable and disable operation of the PHY.

23.3.6.1 Semantics of the service primitive
PMA_ LINK request (linkcontrol)

The link control parameter can take on onc 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-on; reset, or release from power-down, the link control parameter shall revert to ENABLE. If
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.

23.3.6.3 When generated

The Auto-Negotiation algorithm generates this primitive to indicate to the PHY how to behave.

Upon power-on, resct, or release from: power down, the Auto-Negotiation algorithm, if preésent, issues the
miessage 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 state LINK_PASS, ‘while' liolding rcv=DISABLE, and xmit=DISABLE. While
link control=SCAN_FOR CARRIER; the PHY shall report link statussREADY "if it - recognizes
100BASE-T4 link integrity pulses coming from the far end, otherwise it reports link _status=FAIL.

Whenever link_control=DISABLE, the PHY shall report link_status=FAIL and hold the Link Integrity state
diagram in the RESET state, while holdmg 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 rcv=ENABLE and xmit=ENABLE.

This is an Archive IEEE Standard. It has been superseded by a later version of this stanglgrd.
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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 répeatet client an indication of a
PMA detectable receive error.

23.3.7.1 Semantics ‘of the service primitive
PMA_ RXERROR:.indicate (rxerrot _status)

The rxerror_status parameter can take onone 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 Reset [unction and six simullancous 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 are 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 either of two conditions occur. These two-conditions are
power-on and. the receipt of a reset request from the management 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 notexplicitly show the PMA Reset function.

This is anigychive 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 pasagraph, whenever {ty_code_vector=DATA I{pma_carmter=0FF), the
Pris shall tronsmut onto the MDI wepary sywbols on pairs TX D1, BL D3, and B D4 equal w©

continue doing so untl ix_code vector=IDLE.

NOTE~This shuts off the transmitters s shanseds BY_ D3 and Bl DM, and keeps them off, in the event s a collistom.
Shutting off the tanuntiters prevents sverload and saturation of the transnttters, and also reduoss the amount of near-
et evosatalh presint winhe momtoring for the wnd of canrier,

Whenever tx_code vector=IDLE, an idle signal shall be ransmstted on pair TX D1 and silence on pars
BI D3 and BI 3. The idle sigral comsists of perinds of silence {times whepe the differential output voltage
semmains at U mV 2 530 miV) broken by the fransnnssion of ok fategrity fest pulses.

The IOOBASE-T4 idle signal s similar to the 1DBASE-T idle signal, but with 100BASE-T4 ternary signal
fevels and » faster repetition rate. The 10UBASE-T4 idle signal is called TR _IDL_100. The TP_IDL 100
signal shall be a repesting seguence formed from one 1.2 s = 0.5 ms period of silence (the time where the
differential voltage remains af O mV & 30wV and one Lk test pulse. Each Hink test pulee shall be a succes-
sion of two ternary symbols having logical valnes of -1 and 1 transmatted on pae TX D1 uwsing C8-1 and
51 as defined in 23.4.3.1, Following a packet, the TP_IDL 100 shall start with 4 period 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 ‘subscquent packet are not corrupted, and are not delayed any
more than is specified in 23.11.

Forany 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 ns 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 on a subsequert preamble sequence.

Regardless of other considerations, when the transmitter is disabled (xmit=DISABLE); the PMA Transmit
function shall transmit the TP_IDL. 100 signal.

23.4.1.3 PMA Receive function

PMA Receive contains the circuits necessary to convert physically encoded ternary symbols from the physi-
cal MDI receive pairs (RX D2, BI. D3 and BI_D4) 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 BI 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 108,

If both pma_carricr=ON and tx_code vector=DATA, the valuc of rx code vector is unspecified: until
pma_catrier=OFF.

23.41.4 PMA Carrier Sense function

The PMA Carrietr 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 less 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 signal amplitudes greater than 4.5V,
See:23.5.1.3.2 for a list of signals defined #of to-set pma_carrier=ON.

After asserting pma carrier=ON, PMA Carrier Sense shall set pma carrier=OFF upon receiving either of
these conditions:

a) - Seven consccutive ternary symbols-of value CS0O 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 eopl has been received, propetly framed, on any of the lines RX D2, BI D4, or BI. D3,
and-enough time has passed to assure passage of all ternary symbols of cop4 across the PMA scrvice
interface.

NOTE—Designers may wish to-take advantage of the fact that the minimum received packet fragment will include at
least 24 temnary symbols of data on pair RX_D2. Therefore, orice carrier is activated, it is not necessary to begin search-
ing for seven-consecutive zeroes until after the 24th ternary svribol has been teceived. During the time that the first 24
temary symbols arc being reccived, 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 catrier: status = pma_carrier.

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 furiction 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 network 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 conrnected 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- I00BASE-T4.
b) - link status ~vatiable 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 1east 96 more link integrity test pulses, or reception of cartier; (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 rcv=DISABLE atid
xmit=DISABLE, thus disabling the bit transfer of the Transmit and Receive functions.

If a visible indicator is provided onthe PHY to indicate the link status, it is recommended that the color be
green and that the indicator be labeled appropriately. It is furthér recommended that the indicator be on'when
the PHY is in the LINK. PASS state and off otherwise.

23.41.6 PMA Align function

The PMA ‘Align function accepts 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
uncqual. 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 on each of the three receive lines that
may be used to establish the proper relationship of received ternary symbols (see 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_ carrier=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 Aligh function is responsible
for waiting for the receiver clock to stabilize and then properly recognizing the 100BASE-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 forwatding
PMA UNITDATA. indicate (DATA) messages to the PCS, starting with the first ternaty symbol of the first data
word on pair BI 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_code_vector[BL D3]first ternary symbol of first data code group
rx.code_vector[RX. D2]second ternary 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 start of third data code group

PMA Align shall continu¢ sending PMA_UNITDATA indicate (DATA) messages until pma_carricr=OFF.
While pma_ carrier=OFF, PMA Align shall emit PMA_UNITDATA indicate (IDLE) messages.

If no valid SSD pattérn is tecognized within 22 teérnary symbol times of the: assertion of pma_carriect=ON,
the PMA Align function shall set rxerror . status=SERROR. 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
ternary symbol sequence. Rxerror status shall be reset to NO _ERROR when pma. carricr=OFF,

The PMA Align function is permitted to use the first received packet of at least minimum size after RESET
ot 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 eithér 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 ‘setting rxerror_status=ERROR (optionally, those error patterns
already detected by codeword error, dc balance etror, or eop._error do not also have to be detected by
rxerror status): [n a series of good packets, any one packet that has been corrupted with three or fewer ter-
nary symbols.ini error causing its sosb 61 code groups on-one or more pairs to appear in the wrong location.

Several approaches are available for meeting this requirement, including, but not limited to, a) 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 conjunc-
tion with-one or'more of the above techniques.

Regardless of other considerations, when thé receive function is:disabled (rcv=DISABLE), th¢ 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 MII 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 tematy 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 ¢ach 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 ternaty 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 Setrvice 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:

This is anggchive IEEE Standard. It has been superseded by a later version of this standard.
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Table 23-2—MDI signals transmitted by the PHY
Signal Allowed pair Meaning

cs1 TX DI, A waveform that conveys the temary symbol 1. Nominal
BI. D3 voltage level +3.5 V.
BIL D4

€S0 TX D1, A waveform that conveys the ternary symbol 0.
BI D3 Nominal voltage level 0V,
BL D4

Cs-1 TX DI, A waveform that conveys the ternary symbol —1.
BI.D3 Nomiinal voltage level =3.5 V.
BL D4

TP_IDL..100 X D1 Idlesignal.

Indicates transmitter is cutrently operating at 100 Mb/s.
Table 23-3—Signals received at the MDI
Signal Allowed pair Meaning

CS1 RX D2, A waveform that conveys the ternary symbol 1.
BI D3 Nominal transmitted voltage level +3.5 V.
BL D4

CS0 RX_D2, A waveform that conveys the ternary symbol 0.
BIL.D3 Nominal transmitted voltage level 0-V.
BI 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 is currently operating at 100 Mb/s.

TP_IDL: 100 is defined in 23.4.1.2. The ‘waveforms used to ‘convey CS1, €SO0, and CS-1 are defined in

23.5.1.2.

TP _IDL 100 is-defined in 23.4.1.2. The encodings for'CS1, CSO, 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.

Awaveform that conveys the ternary symbol 1.
CS1 has a nominal peak voltage of +3.5 V. See 23.5.1.2.

€SO

Value:
CS1

Value:
€S-1

A waveform that conveys the temary symbol —1.

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

A version of carrier - status used internally by the PMA sublayer. The variable pma_ carricr always
functions regardlcss of the link status. The valuc of pma carricr is passcd on through the PMA
service intetface as cartier_status when rcv=ENABLE. At other times, the passage of pma_cartier
information to the PMA service intetface is blocked.

Values: ON, OFF
Set by: PMA CARRIER
eV
Controls the flow of data from the PMA to PCS through the PMA_ UNITDATA.indicate message:
Values: ENABLE (receive is enabled)
DISABLE (the PMA always sends PMA UNITDATA. indicate (IDLE), and
carricr status is set to OFF)
xmil

Controls'the flow of data from PCS to PMA through the PMA UNITDATA request message.

Values: ENABLE (transmit is enabled)
DISABLE (the PMA interprets all PMA  UNITDATA request messages
as PMA UNITDATA request (IDLE). The PMA transmits 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 true when the timer expires.

Restart when:  Timer is restarted forits full duration by every occurrence of either 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-T4 link test pulses on pair RX_D2.

This is an Archive IEEE Standard. It has been superseded by a later version of this stanglgrd.
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23.4.3.4 State diagram counters

cnt link
Counts number of 100BASE-T4 link test pulses (sce 23.5.1.3.1) received on pair RX D2,
Values: nonnegative integers
Reset to zero: - On either 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.
by While in any state, resct to zero if link max_ timer expires.

While‘in the LINK. PASS state, ignote pulses received within link ' 100 min (i.¢.,.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))

‘ v v

RESET LINK_FAIL_EXTEND
ent_link <=0
rev'< DISABLE link_status < FAIL

xmit <= DISABLE
link_status « FAIL

pma_type« 100BASE-T4 (‘pma_carrier = OFF )

* =
P it (tx_data_element = IDLE )
ueT link_max_timer_done v

WAIT_FORENABLE

WAIT_31

link_status' < READY.

link -status = FAIL

ent_link=31 ™ K link:.control =:ENABLE
- link max: timer_done. | - link_max_timer_done

LINK_FAIL LINK_PASS

rev <= ENABLE
link_status: < FAIL xmit-<< ENABLE
pma_type:<=T4
link_status. <= OK

B
»

A

link_max_timer_done link.max: timer_done

+link_control=SCAN_FOR_CARRIER
(ent link =127
+ (pma_carrier="0N )

NOTE—The: variables' link control ‘and link status are designated as link c¢ontrol [T4] and. link status [T4],
tespectively; 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 MII ground circiiit. Implementations without
an MIT 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 repeatet 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 Vdc for 60 s, applied as specified in subclause 5.3.2 of IEC 950: 1991.

¢) A sequence 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 «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 temary sequence [0°0 1 0: 0.0 0 0.=170 0 0] (leftmost ternary
symbol first), and while observing the differential transmitted output at the MDI, for any pair; 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 1.0 0 00 -0 =1 0 0 -0],and while observ-
ing the transmitted outpiit at the MDI, the observed waveform shall fall within the normalized transmit tem-
plate: listed in table 23-4. Pottions 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 ¢ach packet preamble, should meet this same normalized
transmit template; with appropriate shifting and linear superposition of the CS1 and CS-1 template limits.
Transmitters are allowed to insert additional delay in the transmit path in order to mget the first pulse
requirement, subject to the overall timing limitations listed in 23.11; Timing Summaty.

This is an Archive IEEE Standard. It has been superseded by a later version of this stanglgrd.
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While transmitting the TP_IDL 100 signal, and ‘while observing 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 represented 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 linear interpolation be used

between templaté points. The template time axis may be shifted horizontally to attain the most favorable
match.

After transmitting seven or more consecutive €SO 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, Bl _D3; or B 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, or international reg-
ulations. Additional filtering of spectral componénts may therefore be necessary.

2-—The repetitive pattern [0 0 1000 0 0 =1 00 0] (leftmost ternary symbol first) may be synthe-
sized using the 8B6T coding rules from a string of repeating data octets with value 73 hex. The repetitive pat-
tern- [ 1-1.1 =1 -1 -1] (leftmost lernary symbol first) may be synthesized using the: 8B6T coding rules
from astring of repeating data octets with value 92 hex.

1 AN
0.5
o A —]
et e P—
-0.5
-1 N\

Ons-40 80 120 160 200 240 280 320 360400
(First-400 ns-of 480 nsrepeating pattern shown)

Figure 23-13—Normalized transmit template as measured at MD

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

D-Link-1007
Page 131 (of 415)


3djc
Sticky Note
None set by 3djc

3djc
Sticky Note
MigrationNone set by 3djc

3djc
Sticky Note
Unmarked set by 3djc

V
Rectangle


IEEE
CSMA/CD Std 802.3u~1995

05

,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:

Laplace transform of Ideal(s)
Ideal transmit response IdeéalResponse(s) = TPF(s)

Where  Ideal(s) -is a 100% raised cosine system response

Where LPF(s)  isa3-pole Butterworth low pass filter response with -3 dB point at 25 MHz
Convert [dealResponse(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 ternaty symbol times, to form the ideal transmit voltage waveform.

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 ISl (intersymbol interference)

While observing a: pseudo-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 ociets of data, and while observing
the transmitted output through a T00BASE-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 ISIerror voltages marked in figure 23-15.as TOP IST; MIDDLE ISI; and BOTTOM ISL

The largest of these peak-to-peak ISI etror 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 IST to nominal peak-to-peak at 10%.)

This is an Archive IEEE 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

Normialized Normalized | g, o olized link | Normalized link
o | e | Gl | SR

p. ‘,p plate, neg limit limit

limit limit
0 0.060 0,061 0.061 0,060
5 0.067 0054 0.056 0.065
10 0.072 ~0.049 0.052 ~0.069
15 0.072 ~0.049 0.052 0,069
20 0.063 20058 0.058 0.063
25 0.047 ~0.074 0.071 0,050
30 0.030 0091 0.086 0,035
35 0.023 ~0.098 0.094 ~0.027
40 0.041 0,080 0.080 0041
45 0.099 0022 0.027 ~0.094
50 0.206 0.085 ~0.076 ~0.197
55 0.358 0.237 0231 0352
60 0.544 0.423 0428 0,549
65 0.736 0615 0640 0761
70 0.905 0.784 ~0.829 0,950
75 1.020 0.899 ~0.954 1075
80 1.060 0.940 ~0.977 1098
85 1.020 0.899 ~0.876 ~0.997
90 0.907 0.786 0653 0774
95 0.744 0.623 0332 0453
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 1044 0.923
130 0.050 0071 0.932 0811
135 0.057 ~0.064 0.759 0.638
140 0.064 20057 0.565 0.444
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 20.065 0.054 0,067
175 0.059 20062 0.058 0,063
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Table 23-4—Normalized voltage templates as measured at the MDI {Continued)

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

Normialized Normalized | g, o olized link | Normalized link
o | e |Gl | SR

p. .’p p' % g limit limit

limit limit
180 0.062 20059 0.063 0.058
185 0.064 0057 0.064 0057
190 0.064 ~0.057 0.063 ~0.058
195 0.062 20059 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 20.063 0.060 ~0.061
220 0.061 0,060 0.062 0059
25 0.064 0057 0.062 0,059
230 0.066 0,055 0.062 ~0.059
235 0.065 0056 0.061 0,060
240 0.061 ~0.060 0.060 0,061
245 0.054 0067 0.060 0,061
250 0.049 0072 0.060 0,061
255 0.049 0072 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 20022 0.061 0,060
280 0.080 —0.041 0.060 0,061
285 0.022 ~0.099 0.060 ~0.061
290 0085 0206 0.060 0,061
295 0238 0359 0.060 0,061
300 0423 0544 0.061 0,060
305 0615 20736 0.061 0.060
310 0783 ~0.904 0.061 0,060
315 ~0.899 1,020 0.061 0,060
320 ~0.940 21,061 0.060 ~0.061
325 ~0.899 41,020 0.060 0,061
330 ~0.786 ~0.907 0.060 0,061
335 0623 0744 0.060 0,061
340 0439 0560 0.061 0,060
345 0263 0384 0.061 0,060
350 0118 20239 0.061 0.060
355 20016 20137 0.061 ~0.060
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Table 23-4—Normalized voltage templates as measured at the MDI {Continued)

Normialized Normalized | g, o olized link | Normalized link
o | e | Gl | SR

p. ‘,p plate, neg limit limit

limit limit
360 0.044 20077 0.060 0,061
365 0.068 20053 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 0057 0.060 ~0.061
415 0.061 ~0.060 0.060 0,061
420 0.059 0062 0.061 0,060
45 0.058 ~0.063 0.061 ~0.060
430 0.059 0062 0.061 0,060
435 0.060 0,061 0.061 0,060
440 0.061 0060 0.060 0,061
445 0.062 0059 0.060 0,061
450 0.062 0059 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
430 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 mandatory requirement that the 100BASE-T4 Transmit Test Filter perform the function of a third-
order Butterworth filter'with its —3-dB pointat 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-
nated in 100 | . Ttisa mandatory 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 anifgchive IEEE Standard. It has been superseded by a later version of this standard.
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Figure 23-15—Definition of sampling points for IS| measurement

Equivalént 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 isa

mandatory requirement that such imp
an input impedance sufficiently high
termination, when driven by 100

lementations of the 100BASE-T4 Transmit Test Filter be designed with
that the reflection loss-of the parallel combination of filter and 100 |

,exceeds 17 dB-across the frequency range 2 to 12.5 MHz.

MDI

TRANSMIT

635 nH

>

DEVICE

- Y'Y\,
127pF | 127 pF |

127 pFE 127 p;b

+

TEST FILTER
OUTPUT

100 |

UNDER
L's'+ 10%

TEST
C's £5%
R's +1%

635 nH

TRANSMIT
TEST FILTER

=

Figure 23-16—Acceptable implementation of transmit test filter
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23.5.1.2.4 Transmitter differential output impedance

SUPPLEMENT TO802.3:

The differential output impedance as measured at the MDI for each transmit pair shall be such that any
reflection due 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 asin 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 duting the
transmission of eopl and eop4 shall not exceed 6.0%.

TRANSMIT
DEVICE
UNDER
TEST

MDI

100 |

4

30 pH" Vout

* + 1% as measured at 100 kHz

Figure 23-17—Output impedance test setup

A

i

Tvz

eop4
Vi1 P
‘_._._._._._
eop1 20 ns
— P ——
220 ns
zerocrossing
%)
droop = V_2
V1

Figure 23-18—Measurement of output droop

Balanced square wave source
50% duty cycle

3:5 V-amplitude

480 ns period

20:.ns-or faster rise/fall

50 I* MD|
AV N
Vout
330.4H
50"

RECEIVE
DEVICE
UNDER
TEST

T 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 lensth Data, hex
(Transmit this sequence of g (All'octets in each packet
- e (Number of data octets)
packetsin 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
output.of a 100BASE-T4 Transmil Tesl Filler connecled at the MDI (o any of the (ransmmil 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 cither a 100BASE-T4 Transmit Test Filter ora 100 | resistive load.

NOTES

1—Jitter is the difference between the actual zero crossing point in tithe and ‘the ideal time. For various ternary transi-
tions; the zero crossing time 1is defined differently. For transitions between +1 and 1 ot vice versa, the zero crossing
point is defined as that point in time when the voltage waveform crosses zero. For transitions between zeroand the other
values, or from some other value to zero, the zéro crossing timne is defined as that point in time when the voltage wave-
form 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 set of points {#;} where £, =15 +n/f . where n 1s an integer, and fis in
the range 25:000.- MHz £:0.01%. A colléction of zero crossing times satisfies the jitter requirement if there exists a pair
(y:.f) such that each zero crossing time 1§ separated from some member of {£,} by no-more than 4 ns:

23.5.1.2.6 Transmitter impedance balance

The common-mode to differential-mode impedance balance of each transmit output shall exceed
2 1s( ]
9-17log T dB

where fis the frequency (in MHz) over the frequency range 2.0 MHz to 12.5 MHz. The balance is defined as

Ecm
ZOIOg(E—)

di

where Ep

is-an externally applied sine-wave voltage as shown in figure 23-20.

NOTE—The balance of the test equipment (such as the natching of the test resistors) 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 international 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 require that, while transmitting data; the mag-
nitude of the total common-mode output voltage, £y outy- O 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 147 |
EST
TES ~ Edr =143 |
147 | C>E°m
PG
L

" Resistor matching to 1 part in:1000.

Figure 23-20—Transmitter impedance balance and common-
mode rejection test circuit

MDI

TRANSMIT
DEVICE % s
UNDER 475 |

TEST

- )

475"
=499 || Egmiouy

O

HPB

"Resistor matching to 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 dala. Additionally, the

edge jitter added by the application of £, 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 are 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 figure 23-22). The shape of the impulse shall be 0.3/50 ps
(300 ns virtual front time, 50 ps virtual tinic of half valuc), as defined 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 |IEEE Standard. It has been superseded by a later version of this stangigrd.
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MDI

TRANSMIT
DEVICE
UNDER

TEST 110];1

J cm

*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 configurations shall meet
Category 5 specifications as in ISO/IEC 11801: 1995.

The term worst-case UTP miodel, asused in this clause, refers to lumped-element cable model shown in fig-
ure 23-23 that has been developed to simulate the attenuation and group delay characteristics of 100 m of
worst-case Category 3 PVC UTP cable.

This constant resistance filter structure has been optimized to best imatch the following amplitude and group
delay characteristics, where the argument 7'is in hettz; and the argument x is the-cable 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 1s relative and does not includes the fixed delay associated with 100-m-of Category 3
cable, An additional 570 ns of fixed delay should be added in-orderto obtain the absolute group delay.

- - L(L)
Propagationlmag(f,x). = j(-=10) To7\100

: = (71 ]L+ L)(L)
PropagationReal(f,x) (741 ¢ 0.70106 303

Propagationimag(f; x) + PropagationReal( f,; x)
20

H(f,x). =10
23.5.1.3.1 Receiver differential input signals
Differential signals received on the teceive 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 one of ‘the
PMA._ UNITDATA. indicate niessages and sent to the PCS. In addition, the receiver, when presented with a

This is am#ychive |EEE Standard. It has been superseded by a later version of this standard.
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R8 R26
205 432
A V"

R10 L1 R11 L2 R12 L3 R15 L4

0.75 35pH 0.75 1:0.uH 075 0.43-pH 0.75 0.43:uH

R6 R7

50 50

Receive side

R20 1 c3 R21—4|~ C4
6:81 K82 pF G.Btl' 100 pF

6.65 K— 680 pF

R26 R27 R24 R25 R2?2 R23 R28 R29
50 50 50 50 50 50 50 50
A AN AN
R30.. 15 R31 L6 R32 . L7 R33.. L8
0.75 " 35H 075 10WH 075 043pH 075 0.43H
O_
R34 R35
505 439 L's+10%
A% A Cs+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 equalization and clock recovery circuits.

NOTE—Implementors may find it practically impossible to meet the requirenients 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 meeting 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 Carrier Sense function:shall #of 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:

¢). - Allsine waves of single cycle or less duration, starting with phase 0 or 180, and of amplitude less
than 8.7 V ‘peak-to-peak, where the frequency is between 1.7 MHz and 15MHz. For a petiod. of
7 BT before and after this single cycle, the signal shall be less than 325 mV.

This is an Archive IEEE Standard. It 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 eopl and cop4
(50% duty cycle square wave with 3.5 V- aniplitide, 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 [00BASE-T4 transmitter connected. to all MDI pins; a receiver
shall send the proper PMA UNITDATA indicat¢ messages to: the PCS for any differential input signal
that results in a signal g that meets 23.5:.1.3.1 even in the presence of common-niode voltages 7.
(applied as shown in figure 23-24). E;, shall be-a 25 V peak-to-peak square wave, 500 kHz or lower in fre-
quency; with edges no slower than 4 ns (20%—80%), connected to cachof the receive pairs RX. D2, BI D3,

and BI D4.
MDI RECEIVE
DEVICE
UNDER
5 TEST
Edif
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 teceiver shall tolerate the application of shott circuits between. the leads of any receive 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 us (300 ns virtual front time, 50 ys 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 version of this standard.
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RECEIVE
MDI DEVICE
UNDER
TEST

cm

\\'—I 8

" Resistor matching to-1. part.in 100.

Figure 23-256—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 ot repeater through the resistance of all permissible MII
cables.

The PHY shall not introduce extrancous signals on the MII control circuits 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 entities.

b) ~100BASE-T4 is an ISO/IEC 11801: 1995 class C applicatior, 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 Mb/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 segment; clause 23 recommends; but does not require, the
use of Category 4 ot better connecting hardwate, patch cords and jumpers. The use of Category 4 ot
betler connecling hardware increases the link segment composile NEXT loss; composile ELFEXT
loss and reduices the link segment insertion loss. This lowers the link segment crosstalk noise, which
i turn decreases the probability of errors.

e). The use of shielded cable is ontside the scope of this standard.

This is an Archive [EEE Standard. It has been superseded by a later version of this stanggrd.
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23.6.2 Link transmission parameters

Unle|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 souree and load impedances 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 ‘cable; such as many Fluorinated Ethylene Propylene
(FEP), Polytetrafluoroethylene (PTFE), or Perfluoroalkoxy (PFA) plenum-rated cables.

23.6.2.2 Differential characteristic impedance

The magnitude 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 each sim-
plex link segment. In 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) isused to carry collision information as specified in 23.1.4;
Multiple-Disturber NEXT loss and Multiple-Distiirber 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: receiver. The NEXT loss between each of
the three data carrying simplex link segments and the collision sensig simplex link segment shall be at least
24.5 - 15xlogo(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 PHY s 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-
ple (three) signal sourccs; 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 — 15xlogo(f712.5) dB (where
Jfis the frequency 1n 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 Disturbers, for a tutorial and method for ¢stimating 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 objective 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)y 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 amgchive 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—20xlogiy(f/12.5) dB (where f is the frequency in
MHzZ) over the fréquency tatigé 2.0 MHz to 12.5 MHz. ELFEXT loss at frequency f and distance / is defined as

V. ds
ELFEXT Loss (f.l) =20 x log;, ( P ) ~SLS Loss (dB)

Vpcn
where
Vids is the peak voltage of disturbing signal (near-end transmitter)
Ve 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 PHYS, the FEXT noise that is coupled into-an-data
carrying simplex link segment is from multiple (two) signal sources, or disturbers: The MDELFEXT 1loss
between a data carrying simplex link segment and the other two data carrying 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 Distutbers; fora
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 each and the
differential delay are specified to comply with network round-trip delay limits and ¢nsure the proper decod-
ing by receivers, respectively.

23.6.2:4.1 Maximum link delay

The propagation delay of a simplex link segment shall not exceed 570 ns at all frequencies between 2.0 MHZ
and 12.5MHz.

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 frequencics
between 2.0’ MHz and 12.5 MHz.

23.6.2.4.3 Difference in link delays

The difference in propagation.delay, or skew; under all 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 etror rate is met. The noise environment

corisisls generally of (wo primary contributlors: sell-induced near-end crosstalk, which allecis (he ability (o
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 stanggrd.
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23.6.3.1 Near-End Crosstalk

The MDNEXT (Multiple-Disturber Near-End Crosstalk) noise ot 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 ona link segment shall-not exceed 325 mVp.
This standard is compatible with the following assumptions:

a) - Three disturbing pairs with 99th percentile pair-to-pair NEXT loss greater than 245 dB-at 12.5 MHz
(i.¢.. Category 3 cable).

b) - Six additional disturbers (2 per simplex link) reptesenting connectors at the near end of the link seg-
ment with 99th percentile NEXT loss greater than 40 dB at 12.5 MHz:(i.c., Category 3 connectors
inslalled iri accordarnice with 23:6.4.1).

¢) - All disturbers combined according to the MDNEXT Monte Carlo procedure outhned in Appendix A3,
Example Crosstalk Computation for Multiple Disturbers:

The MDNEXT ‘nois¢ is defined using three maximum level 100BASE-T4 transmitters sending uncorrellated
continuous data sequences while attached to the simplex link segments TX D1, BL' D3, and BI. D4 (disturb-
ing links), and the noise measured at the output of a filter connected to- the simplex link segment RX D?2.
(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
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
distuibing signals on pairs TX D1, BL D3, and BI. D4, and the various ¢iosstalk 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) - Ning 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.

¢)  All disturbers combined according to the MDNEXT Monte Carlo procedure outlined 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-
suted 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 pscudo-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 T00BASE-T4 Transinit Test Filter
specified in 23.5.1.2.3:

This is aniggchive 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 pait-as a result of termination to- connecting hardwate should be no greater
than 25 mim (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 more 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 requirements of section 3 and figures 1-5:0f 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 PHYs with and
without an internal crossover.

\\// @k

pin1
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 connects the transmitters of one PHY to the receivers of the PHY at the other-end of the link seg-
ment: Crossover functions may be implemented internally to a PHY or elsewhere in the link segiment. Fora
PHY that:does not implement the crossover function, the MDI labels in the last column of table 23-4 referto
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 internal 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 stanglgrd.
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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) requirenient
internal PMA signals internal PMA signals
1 TX D1+ RX D2+ TX DI+
2 TX DI~ RX D2= TX D1~
3 RX D2+ TX D1+ RX D2+
4 BL D3+ BL D4+ BL D3+
5 BI D3~ BL D4~ BL D3-
6 RX D2- X DI~ RX D2-
7 BI D4+ BIL D3+ BL D4+
8 BI D4~ BL. D3~ BI. D4~

Additionally, the MDI connector fora PHY that implements the crossover function shall be matked 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 paits TD and RD.

When a link segment connects a DTE to a repeater, it is recommended the crossover be implemented in the
PHY local to thie repeater. IEboth PHY's of a link seguent contain inlernal crossover [unctions; an additional
external crossover is necessary. It is recommended that the crossover be visible to an installer from one of
the PHYs. When both PHY's contain internal crossovers, it is further recommended in networks in which the
topology identifics cither 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 implémentation of the ¢rossover function within a twisted-pair cable, or at a wiring panel, while not
expressly fotbidden, 1s 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 round-trip propagation delay as spécified in clause 29.

23.9 Environmental specifications
23.9.1 General safety

All equipment meeting this standard shall conform to 1EC 950: 1991.

This is am&gchive IEEE Standard. It has been superseded by s later version of this standard.
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{ TX D1+ — b TX_ D1+ 1
_[; 2 TX_D1= L TX_D1- 22:]_
3 RX.D2+ — L RX_D2+ 3
_<]:6 RX_D2- — L~ RX_D2- 6:[>—
%4 BI_D3+ — | BI_D3+ 4@
5 BI_D3= — L Bl.D3= -5
%7 Bl D4+ —| L BI_D4* 7@
8 Bl D4- — — Bl D4 8
PHY PHY

a) Two PHYs with external crossover function

— P
MDI MDI-X Label Internal Signal

1 TX. DI+ ——— TX_Di+ 4 TX D1+
22 mon o , N\ o <

3 RX_D2+ ——— RX_D2+ 3 ‘
<t5 RX_D2- — RX_D2- g >
%4 BID3+ —— BI_D3+ 4 BLD3+

5 BILD3- — B D3> 5
:%7 Bl D4+ ——— BI.D4+ 7

8 BI.D4& — BLD4 8

O ]

b) PHY with internal crossover function

Figure 23-28—Crossover function

23.9.2 Network safety

This clause sets forth a number-of recommendations and guidelines related to safety concemns; the list is nei-
ther complete nor does 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 (his clause-are subject (0-at least Tour direct electrical salety hazards during
their installation and use. These hazards are as follows:

a) - Direct contact between LAN components and powet; lighting; or 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 inan 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 requirement 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 externally 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 a “doubly insulated, ac power distribution system” The use of floating ot 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 a:mandatory functional requirement that, during installation and maintenance of the cable plant; care be
taken to ensure (hat noninsulated nelwork cable conduclors do nol make electrical contacl wilh unintended
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 ringing voltages. Although there is no universal standard, the following
maximums generally apply.

Battery voltage to a telephone line is 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 d¢ component. The ac component is
up to 175V peak at 20 Hz to 60 Hz with a 100 | source resistance. The de component is 56 Vd¢ with a 300 |
10 600 | source resistance. Large reactive transients can occur at the start and end of each ring interval.

Although 100BASE-T4 ¢quipment is not required to sutvive such wiring hazards without damage, applica-
tion of any of the above voltages shall not result in.any safety hazard.

NOTE—Wiring - érrots may impose telephony voltages differentially across 100BASE-T4 transmitters or receivers.
Because the termination resistance likely to be presentacross a receiver’s mnput is-of substantially lower impedance than an
off-hook 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 are 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 electromag-
netic interference.

This is anigychive 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 ¢onditions to facilitate selection, installation, and maintenance.

23.10 PHY labeling

It is reccommended that each PHY (and supporting documentation) be labeled in'a- manner visible to the user
with at least these parameters:

a) - Data rate capability in Mb/s
b)  Power level in terms of maximum current drain (for external PHY's)
¢) - Any applicable safety warnings

See also 23.7.2.

23.11 Timing summary
23.11.1 Timing references
AILMII signals are defined (or corrected to) the DTE end of a zero length MIL cable.

NOTE—With-a finite length MII ¢able, TX CLK ‘appears in the PHY one ¢able propagation delay earlier than at the
MII. This advances the transmit timing. Receive timing is retarded by the same amotunt.

The phrase adjusted for pair skew, when applied to ‘a timing reference on a particular pait, 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.
Cornceptually, this is the time at which the PMA has been given full knowledge and use of the
temary 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 prévious noriiinal
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 of this stanglerd.
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Figure 23-33. Rising edge of carrier  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 anigychive 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 foreach of the three transmit channels TX D1, BI 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 niinimum:time for NOT . TEN CRS may optionally be as
short as0.

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 alink 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; the'delay between the first and third pulses of the préamble (which are used by the car-
ricr sense logic) 1s very nearly 80 ns:

RX NOT CRS

For a data packet, the time between the WAVEFORM timing refererice, 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 reccived on pair RX D2, and the de-assertion of CRS.

Bothare limited to-the same value. For a data packet, detection of the six ternary. symbols of ¢opol
is accomplished in the PCS layer. For a collision fragnient, détection of the concluding seven
terary zeroes 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 to 160.

RX PMA DATA

Figure 23-33:. Time between the WAVEFORM timing reference, adjusted for pair skew, of first
pulse of :a normal prcamble (or first pulsc-of a precamble preceded by a link tést 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 BL D3.

This is an Archive IEEE Standard. It has been superseded by a later version of this stanglgrd.
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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 eopl 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
a-normal preamble (or first pulse of a preamble preceded by a link test pulse or a partial link test
pulse) and the RX DV timing reference.

RX PMA ERROR

No figure. In the event of a preamble inetror, 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
link 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 for pair 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 on-ouitput pair Bl D3; and ¢) the waveform timing reference of the first
pulse of a preamble as measured on output pair B _D4. Link test pulses; if present during the
measurement, must be separated from the preamble by at least 100 ternary 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 refererice,
adjusted for pair skew, of the first pulse of preamble (or the first pulse of the preamble preceded
by alink test pulse ora 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 BI_ D3 and BI. D4 be halted in the event of a collision.

This is amagchive |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, each PHY timing parameter shall fall within the Low and High limits listed
intable 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 0 515

FAIRNESS 0 28

RX_PMA DATA 67 90.5

EOP_CARRIER: STATUS 51 74.5

EOC CARRIER STATUS 3 505

RX.RXDV 81 114.5

RX PMA. ERROR RX PMA: DATA RX_PMA. DATA +20 |- Allowed limits equal the:actual
RX. PMA: DATA time for the
devieeunder test plus from 0 to
20 BT

RX_COL 0 275 SAMEAS RX CRS

RX.NOT_ -COL 0 5135 SAME AS
RX -NOT CRS

TX_NOT.COL 0 36

TX SKEW 0} 0.5

CRS_PMA_DATA 0 78.5

COL_to BI_D3/D4_OFF 0 40

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

Succession of
ternary-symbols
available to PMA

Typical 2x-oversampled
raw transmitter output —

Filtered output signal

at MDI

SUPPLEMENT TO802.3:

NITDATA.request (tx_code_vector)

t1

X

t2 t3

X X

T

nominal:height

t4

1/2:nominal height ‘ t1

4~ PMA_OUT »‘

>\ WAVEFORM
timing reference point

Figure 23-29—PMA TRANSMIT timing while tx_code_vector = DATA

Timing reference

pe for TX_EN
TXCLK |
atMil- ] \ | | | \ [ | I [
(zero length cable)
TX_EN ]
TXD[0:3] nib1l__ X__ nib2 X
octet formed \;‘
from two nibbles i X_.octet1 X

(tsr) Time spent _
coding data First symbol
and preparing for of preamble

Succession PMA_UNITDATA.request t 2
ofternary symbols
on pair TX_D1

€ TEN_PMA ———p

Loopback of TX_EN
to CRS

PMA,_UNITDATA.request (tx_code_vector)

—p|(early is
negative)
=P

<—

(late is
positive)

<_

TEN_CRS

Figure 23-30—PCS TRANSMIT timing at start of packet
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CSMA/CD

TXCLK

IEEE
Std 802.3u~1995

Timing reference

{/for NOT TX_EN

atmii - JUUU U UTUU UL

(zero length cable)

TX_EN

TXD[0:3]
last two
nibbles

octets
(tsr)

Succession
of ternary
symbols

Loopback of TX_EN

to CRS

S

|

L)
RN

{last feop1jeop2jeop3feop4jeop5]zero] zero

80 ns
4D

TEN_PMA

4_;‘47 320ns - p
last 6T
code group eop3
]xxx/\xxx|++/-/'\-00]00000010000

eop1 eop4

s mo"o“o“o“o“olo"o"

eop2 eopS

[+ + +1-°-1-"-"0 00000000 0]

\ Theend of packet as sent to.the PMA
is defined here:at the particular
TEN_PMA + 240 ns PMA_UNITDATA.request (tx_code_vector)
where tx_code_vector includes

the 1st ternary symbol of eop4.

~®| NOT_TEN_CRS |[€— |[4—

(min): . (max)

Figure 23-31—PCS TRANSMIT timing énd of normal packet
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IEEE
Std 802:3u-1995 SUPPLEMENT TO 802.3:

Timing reference
for NOT TX_EN
A -

oL mmm
at Ml

(zero-length cable) ‘

TX_EN
TXDI[0:3]
last two
nbbles \4*
{ last_] eop1 | eop2 | .eop3 | eop4 | eop5 | zero_J zero
octets
(tsr) —» <+
TEN_PMA
00 0 0.0 0.0 00 0 0 0] XD
Last ternary bx i =
symbol to 7
be transmitted | 0/00 0:0°0f0 00 0 0 0] BI_D3
During a | 0fo’0 0 0 0f0o 00 0 0 O] BI_D4
collision, these ,/'
ternary symbols \
are all.zeros.

PMA__UNITDATA request (tx_code_ vector =all zeros)
Loopback-of TX_EN ‘

to GRS T ——

> NOT TEN_CRs  |€—
(max)

Figure 23-32—PCS TRANSMIT timing end of colliding packet
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IEEE
CSMA/CD Std 802.3u~1995

Succession of ternary symbols as:received
(measured at receiving MDI; with:short cable, with no skew)

sosa sosa sosb

P3 sosa sosa sosb

%

Output wave
form timing
reference point
as measured at

——

The threshold crossing of the
the MDI of \third pulse in the carrier

the transmitting
device. Use
timing reference

detect sequence: (+ =+)
occurs 80 ns:after

i imi First ternary
from pair TX. D1. the output WAVEFORM timing
P - reference point. symbol sent
T across PMA
as DATA

RX_PMA_CARRIER
; <4—
carrier_status

| RX_CRS may be delayed in the PCS to

CRS Zp RX_CRS meet the: FAIRNESS criterion.
4_.;
¢ RX_PMA_DATA —

A

PMA_UNITDATA.indicate (rx_code_vector= DATA)

Figure 23-33—PMA RECEIVE timing start of packet
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EEE

Sid B0 1895 SUPPLEMENT TO 802 %

Surcession

of ternary symbols

a5 fenaived

8T code group” resulling
from last ottt of CRC
tast 2p3 ’ ! l
pit 10 s ? A
romplete i | i
aopd S04
First oy L oop J |
pair o 2
pario ST e |
B auh }‘
Second ¢ ' l
nafr i | l
complets : £
o Earlios! opportunity
e for camier_status to drop
Enduof-packet 13 after sopd. . _
T Latest apportunity
defined here. f:)/r anit of carrier
e EOP_CARRIER_STATUS BN o
carvier_status i
NOT_CARRIER_STATUS
{dait for eopt 1o cross PMA

B X NOT ORS Ml service interlace belora de-asserting )

CRS ol
NOT_CRS

{De-assserts when soplis
recognized by the PCS )

XDV de-asserts after sanding the last nitdle of this decodedt octet across the M
CRS may de-assert prior o that Hima.

Figure 23-34—PMA RECEIVE timing end of normal packet
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IEEE
CSMA/CD Std 802.3u~1995

Succession
of ternary symbols

as received Last non-zero ternary data
symbol transmitted carrier_status algorithm

/ / looks for 7:zeros ina row
412 34567

pair RX_D2

pair Bl. D4
Pairs Bl_D4 and Bl_D3:are already shut
off when in-collision

pair BI_D3

CARRIER STATUS ¢ EOC_CARRIER_STATUS —P‘

L
NOT_CARRIER_STATUS ~" |

CRS <« RX_NOT CRS Ly

NOT_CRS /V‘

NOTE—CRS and RX_DV both de-assert at this point.

Figure 23-35-——-PMA RECEIVE timing end of colliding packet
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|IEEE
CSMA/CD Std 802.3, 1998 Edition

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-T4%%

23121 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 proforma; can be found i clause 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)

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines-and/or opcrating
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 suppliet’s-terminology
(e.g., Type, Series, Model).

23.12.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3; 1998 Edition; clause 23; Physical Coding
Sublayer (PCS); Physical Medium Attachment (PMA)
sublayer and basebarid medium, type: 100BASE-T4

Identification of amendments and corrigendato this PICS
proforma that have been-completed as part of this PICS

Have any Exception itenis been required? No[] Yes|[ ]
(See clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802:3, 1998 Edition.)

Date of Statement

BCopyright release for PICS proformas Users of this standard may freely réproduce the PICS proforma in this annex so that it can be
used for its intended purpose and may further publish the completed PICS.

This is anchyrbive lhiE Siangaidsedbhias been superseded by a later version of this stangdgrd.
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IEEE

Std 802:3,1998 Edition

23.12.3 Major capabilities/options

LOCAL AND:METROPOLITAN AREA NETWORKS:

Item Feature Subclause Status Support Value/Comment
*MII Exposed MII interface 23.1.5.3 0 Devices supporting this option
must-also support the PCS
option
*PCS PCS functions 23.1.52 (€] Required for integration with
DTE or MIL
*PMA. - | Exposed PMA service inter- 23.1.52 0 Required for integration into
face symbol level repeater core
*XVR | Intemnal wiring crossover 23.7.2 O Usually implemented in
repeater, usually not in DTE
*NWY | Support for optional Auto- 23.1.56 (6] Required if Auto-Negotiation
Negotiation (clause 28) is implemented
*INS Installation / cable O Ttemis marked with INS include
installation practices and cable
specificationis not applicable to
a PHY manutacturer

23.12.4 PICS proforma tables for the Physical Coding Sublayer (PCS), Physical Medium
Attachment (PMA) sublayer and baseband medium, type 100BASE-T4

23.12.4.1 Compatibility considerations

Item Feature Subclause Status Support Value/Comment
CCO-1 | Compatibility at the MDI 23.1.5.1 M
23.12.4.2 PCS Transmit functions
Item Feature Subclause Status Support Value/Comment
PCT-1 PCS: Transmit function 23.2.12 PCS:M Complies with state diagram
figurc 23-8
PCT-2 | Data-encoding 232.12 PCS:M 8B6T with DC balance encod-
ing rules
PCT-3 Otder of ternary symboltrans- | Appendix PCS:M Leftmost symbol of each 6T
mission 23-A code group first

This is anidychive IEEE Standard. It has been superseded by lalarosssseecohitissstandard.
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CSMA/CD

23.12.4.3 PCS Receive functions

|IEEE
Std 802.3, 1998 Edition

Item Feature Subclause Status Support Value/Comment
PCR1 PCS Receive function 23.2.1.3 PCS:M Complies with state diagram
figure 23-9
PCR2 Value of RXD<3:0> while 23.2.1.3 PCS:M All zeroes
RXDV is:de-asserted
PCR3 Data decoding 23.2:13 PCSM 8B6T with crrordetecting rules
PCR4 Value of de_balance etror, 232.13 PCS:M OFF
eop_error-and codewordertor
at times other than those speci-
fied'in the error detecting rules.
PCRS Codeword_error indication 232:13 PCS:M During transfer of both
sets RX ER when affected data nibbles across the
MIL
PCR6 De_balance error sets RX ER|-23.2:1.3 PCS:M During transfer of both
when affected nibbles across the MI1
PCR7 Eop error sets RX ER when 23.2:1.3 PCS:M During transfer of last decoded
data nibble across the MII
PCR8 Actiontaken if carrier statusis | 23.2.1.3 PCS:M Assert RX_ER, and then de-
truncated dur to carly de-asser- assert RX. DV
tion of carrier status
23.12.4.4 Other PCS functions
Item Feature Subclause Status - | Support Value/Comment
PCOL1 PCS Reset function executed 23.2.1.1 PCS:M Power-on, or the receipt of a
when reset request from the manage-
ment entity
PCO2 PCS Error Sense function 232.14 PCS:M Complies with state diagram
figure 23-10
PCO3 Signaling of RX ER to MII 23.2.14 PCS:M Before last nibble of clause 4
MAC frame has passed across
MIL
PCO4 Timing of rxerror status 232.14 PCS:M Causes RX_ER to appearon
the MIT no later than last nib-
bleof first data octet
PCOS PCS:-Cartier Sense function 23.2.1.5 PCS:M Controls MII signal CRS
according to-rules in 23:2.1.5
PCO6 MII signal COL is asserted 232:1.6 PCS:M Upon detection of a PCS colli-
when sion
PCO7 Atother times COL remains 232.:16 PCS:M De-asserted
PCO8 T.oopback implemented in 23224 PCS:M Redundantly specified in
accordance with-22:4.1.2 222412

This is ancdgehive BehE Skangardslbhas been superseded by a later version of this stangdsrd.
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Std 802:3,1998 Edition

LOCAL AND:METROPOLITAN AREA NETWORKS:

Item Feature Subclause Status Support Value/Commient
PCOY No spurious signals emittedon | 23.2.24 M
the MDI during or after power
down
PCO10 | PMA frame structure 2323 M Conformance to figure 23-6
PCO11 | PMA_UNITDATA messages 23.2.3 PMA:M Must have aclock for both
directions
23.12.4.5 PCS state diagram variables
Item Feature Subclause Status Support Value/Comment
PCS1 Timing of eop adjusted such 232415 PES:M Lastnibble of last decoded
that the last nibble sent across data octet in a packet
the MIL'with RX. DV asserted
18
PCS2 Transmission of oclelson the 232.4.1.8 PCSM Transmissionorder is: TX D1,
three transmit pairs then BL D3, and then Bl D4
PCS3 Value of tst during first 16 232:4.1.11 | PCS:M $084;, S08a, $0sd, $08a,
TX CLK cycles after TX EN s05a, S054, 054, 505,
is asserted sosa; s0sa, sosb; sosb,
sosb, sosb, sosb, sosb
PCS4 Value of tsr during first 10 23.2.4.1.11 | PCS:M eopl, eopl; eop2;eop2;
TX CLK cycles after TX _EN eop3; eop3; cop4,copd,
1s de-asserted eopS; eopsd
PCS5 TX. ER causes transmissioniof - | 23.2.4.1.11 | PCS:M bad. .code
PCS6 TX_ER received during the 23241.11 | PCSM Transmission of bad_code
first 16 TX CLK cyclescauses during 17th.and 18th clock
cycles
PCS7 Action taken inevent TX_EN- | 23.2.4.1.11 | PCS:M Extensionof TX EN by one
falls on an odd nibble TX_CLK ¢ycle; and transinis-
boundary sion.of bad. code
PCS8 Transmission when TX ENis | 23.2.4.1.11 | PCS:M zero. code
not asserted
PCS9 TXCLK generated synchro- 23.2.4.1:12 | PCSM twl - timer
nous-to

This is amé#gchive IEEE Standard. It has been superseded bygglalarovnss peeofitiissandard.
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CSMA/CD

23.12.4.6 PMA service interface

|IEEE
Std 802.3, 1998 Edition

Ttem Feature Subclause Status Support Value/Comment

PMSI1 Continuous generation of 233.12 M
PMA_TYPE

PMS2 Generation of 23.3.32 M synchronous with data
PMA. UNITDATA .indicate received at the MDI
(DATA)y messages

PMS3 Generation of 23342 M ON/OFF
PMA, CARRIER indicate
message

PMS4 Generation of 23352 M FAIL/READY/OK
PMA._LINK.indicate message

PMS5 Link. ¢ontrol defaults on 23.3.62 M ENABLE
power-om ot reset to

PMS6 Action taken in 23.3.64 NWY-M Enables link integrity state dia-
SCAN._ FOR CARRIER mode gram, but blocks passage into

LINK_PASS

PMS7 Reporting of link_ status'while | 23.3.6.4 NWY:M FAIL./ READY
in SCAN_FOR.CARRRIER
mode

PMS8 Reportting of link " status while | 23.3.6.4 NWYM FAIL
in DISABLE mode

PMS9: - | Action taken in ENABLE 23.3.64 NWY-M enables data processirig func-
mode tions

PMSIO | Generation of 23.3.72 M FRROR / NO_ERROR
PMA. RXERROR

23.12.4.7 PMA Transmit functions
Ttem Feature Subclause Status - | Support Value/Comment

PMT1 Transmission while 234.1.2 M tx code vector[ TX_DI]
(tx_code_vector=DATA) tx_code_vector[ BL_D3]
* (pma_carrier=OFF) tx_code. vector|BI D4]

PMT2 | Transmission from time 234.1.2 M tx_code vector[TX _DI]
(tx code: vector=DATA) €SO
* (pma_carrier=ON), CS0
until (tx code vector=IDLE

PMT3 Transmission while 234.1.2 M Idle signal TP_DIL. 100
tx_code vector=IDLE

PMT4 - | Duration of silence between 234.12 M 1:2:ms 0.6 ms
link test pulses

PMTS5 Link test pulse composed of 23:4.12 M CS-1,/CS1 transmitted on

TX. D1

This is ancdyebive BEE Slangadsdbhas been superseded by a later version of this stangdard.
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Std 802:3,1998 Edition

LOCAL AND:METROPOLITAN AREA NETWORKS:

Item Feature Subclause Status Support Value/Commient

PMT6 - | Following a packet, 234.1.2 M Period of silence
TP IDL 100 signal starts with

PMT7 . | Effect of termination of 23.4.1.2 M No delay or corruption of sub-
TP_IDL_100 sequernt packet

PMTS8 Zero-crossing jitter of link test | 23:4.1.2 M Less than 4 ns p-p
pulse

PMTY: . | Action taken when 23.4.1.2 M Transmitter behaves as if
xmit=disable tx_code: vector=IDLE

This is amggchive IEEE Standard. It has been superseded bygglalarosess prediitiissandard.
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CSMA/CD

23.12.4.8 PMA Receive functions

|IEEE
Std 802.3, 1998 Edition

Item Feature Subclause Status Support Value/Comment
PMRI1 Reception and translation of 234.1.3 M One part in 108
data with ternaty symbol error
rate less than
PMR2. | -Assertion:of pma carrier=ON | 23.4.1.4 M Test signal is a succession of
upon reception of test signal three data values, produced
synchronously with-a 25 MHz
clock; both preceded and fol-
lowed by 100 symbols of
silence. The three values are:
467 mV, =225 mV, and then
467 mV again
PMR3 | condition required to turn off 234.14 M FEither of
pma_carrier ) “Seven consecutive zeroes
b) Reception of eopl per
234.14
PMR#4 . | Value of carrier_status while 23:4.14 M pma_carrier
rcv=ENABLE
PMRS: | Value of carrier_status while 234.14 M OFF
rev=DISABLE
23.12.4.9 Link Integrity functions
Item Feature Subclause Status Support Value/Comment
LIF1 Link Integrity function com- 23.4.1.5 M State diagram figure 23-12
plies with
23.12.4.10 PMA Align functions
Item Feature Subclause Status Support Value/Comment
ALN1 Generation of 234.1.6 M
PMA. UNITDATA. indicate
(PREAMBLE) niessages
ALN2 - | Ternary symbols transferred by 23:4.1.6 M x; code_vector| BI D3] first

first PMA UNITDATA .indi-
cate (DATA ) message

ternary symbol of first data
code group

mx code vector[RX D2]:two
ternary symbols prior to-start
of second data code group
x_code. vector| Bl D4]:four
ternary symbols prior to-start
of third-data.code group

This is ancdyrbive hE Shangiandsedbias been superseded by a later version of this stangdgrd.
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Std 802:3,1998 Edition

LOCAL AND:METROPOLITAN AREA NETWORKS:

Item Feature Subclause Status Support Value/Comment
ALN3 . | PMA_ UNITDATA:1ndicate 234.1.6 M
(DATA)y messages continue
until carrier _status=OFF
ALN4. | ‘While carrier: status=OFF, 234.1.6 M PMA. UNITDATA.indicate
PMA émits message (IDLE)
ALNS5 Failure to recognize SSD gen- | 23.4.1.6 M
erates rxerror_status=ERROR
ALNG6 | Action taken when 234.1.6 M Clear rxerror status
carrier status=OFF
ALNT | Action taken if first packet is 234.1.6 M PMA cmits
used for alignment PMA. UNITDATA:indicate
(PREAMBLE)
ALN8 Tolerance of line skew 234.1.6 M 60 ns
ALN9 | Detection of misplaced sosb 23.4.1.6 M
6T code group caused by 3 or
fewer ternary symbols in error
ALNIO | -Action taken if rev=disable 234.1.6 M PMA emits
PMA. UNITDATA:indicate
(IDLE)
23.12.4.11 Other PMA functions
Item Feature Subclause Status Support Value/Comment
PMO1- | PMA Reset function 234.1.1 M
PMO2 - | Suitable clock recovery 234.1.7 M
23.12.4.12 Isolation requirements
Item Feature Subclause Status Support Value/Comment
1SO1 Values of all components used | 23.5 M Accurate to within£1% unless
in test circuits required otherwise
1SO2 Flectrical isolation:meets 23.5.1.1 M 1500 V at 50-60 Hz for 60 s
per IEC 950: 1991
or
2250 Vde for 603 per IEC 950:
1991
or
Ten 2400 V pulses per IEC 60
1SO3 Insulation breakdown during 23.5.1.1 M None per IEC 950: 1991
isolation test
1804 | Resistance after isolation test | 23.5.1.1 M Atleast2 M |

This is amdgchive IEEE Standard. It has been superseded by lalarossssieeetlitiyssstandard.
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CSMA/CD

23.12.4.13 PMA electrical requirements

|IEEE
Std 802.3, 1998 Edition

Ttem Feature Subclause Status Support Value/Comment
PME1 Conformance to-all transmitter | 23.5.1.2 M
specifications in23.5.1.2
PME2 Transmitter load unless other= 23.5.1.2 M 100 |
wise specified
PME3 . | Pecak differential-output 23.5.1.2:1 M 3.15-385V
voltage
PME4 . | Differential transmit template 23.5.1.2.2 M Table 23-2
at MDI
PMES | Differential MDI output tem- 23.5.1.2.2 M 3:15-3.85V
plate voltage scaling
PMES6 | Interpolation between points 23.5.122 M Linear
on transmit teniplate
PME7 - | Differential link pulse template | 23.5.1.2.2 M Table.23-2
at MDI
PMES Ditterential link pulse template |- 23.5.1.2.2 M Same value as used for ditter=
scaling ential transmit template scaling
PME9 Interpolation between pointon | 23.5.1.2:2 M Linear
link pulse template
PMEI0 | ‘State when transmitting seven | 23.5.1.2.2 M =S50mV o 50mV
or more consecutive CSO-dur-
ing TP_IDL-100signal
PMEI1 | Limiton magnitudeof har- 23.5.122 M 27 dB below fundamental
monics measured at MDI
PMEI2. | Differential output ISI 23.5.1.2.3 M Less than 9%
PME13- | Measurement of IS['and peak- | 23.5.1.2.3 M Halfway between nominal zero
to-peak signal voltage crossing of the observed-eye
pattern
PMEI4- | Transfer function of 235123 M Third-order Butterworth filter
100BASE-T4 transmit test with =3 dB point at 25.0 MHz
filter
PMEIL5 | Reflection loss of T00BASE- 23.5.1.2.3 M Exceeds 17 dB
T4 transmit test filter and
100'W load across the fre-
quency range 2-12.5 MHz
PMEI16 | Differential output impedance 23.5.124 M Provide return loss into. 100 |
of 17.dB from 2.0 to 12.5 MHz
PME1L7- | Maintenance-of return loss 23.5:1.2.4 M Atall times PHY is fully pow-
ered
PMEIS8 | Droopasdefined infigure 23- | 23.5.1.2.4 M Less than 6%
18 during transmission ot eopl
and eopd
PMELY | Output timing jitter 235:1.2:5 M No miore than 4 ns peak-to-
peak
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Std 802:3,1998 Edition

LOCAL AND:METROPOLITAN AREA NETWORKS:

Item Feature Subclause Status Support Value/Commient

PME20- | Measurement of outputtiming | 23.5.1.2.5 M Other transmit outputs con-

jitter nected to 100BASE-T4 IST test
filter or 100 | load

PME21 | Minimum transmitter imped- 23.5.1.2:6 M f
ance balance 29 =17log (1_6) dB

PME22. | Transmitter common-mode 23.5.1.2:8 M Less than 100mV
rejection; effect of E a8
shown in figure 2320 upon
Egr

PME23 | Transmitter common-mode 23.5.1.2.8 M Less than 1.0ns
rejection; effect of Egpy as
shown in figure 23-20 upon
edge jitter

PME24 | Egused forcommon-mode 23.5.1.2:8 M 15 Vpeak; 10.1 MHz sine
rejection tests wave

PME25 | Traismitter faults; responseto | 23.5.1.2.9 M Withstand without déimage and
indefinite application of short resume operation after faultis
circuits removed

PME26 | Transmitter faults; responseto | 23.5.1.2.9 M Withstand without damage
1000 V common-mode
impulse per IEC 60

PME27 | “Shape of impulse used for 23.5.1.2.9 M 0.3/50 os as defined in IEC 60
common-mode impulse test

PME28 | Ternary symbol transmission 23.5.1.2.10 | M 25.000:MHz £0.01%
rate

PME29: | Conformance to all receiver 23.5:1.3 M
specifications in 23.5.1.3

PME30- |- Action taken upon receipt of 23.5.13:1 M Correctly translated into
differential signals that were PMA UNITDATA messages
transmitted within the con-
straints of 23.5.1.2 and héave
passed through worsl-case
UTP model

PME3]1. | Action taken upon receipt of 23.5.1.3:1 M Accept as a link test pulse
link test pulse

PME32. | Test configuration for data 23.5.1.3:1 M Using worst-case UTP model,
reception and link test pulse and with:a connection less than
tests one meter in length

PME33 | Bitloss 23.5.1.3.2 M No more than that specified in

23:5.1.3.1

PME34. | Reaction of pma_carrier to sig- | 23.5.1.3.2 M Must not set
nal less than 325 mV peak pma_carrier=ON

PME35. | Reaction of pma cartier to 23.5.13:2 M Mustnot set
continuous sinusoid less than pma; carrier=ON
1.7 MHz

PME36 | Reaction of pmia. cartier to-sin= | 23.5.1.3.2 M Musst ot set
glecycle or less pma_carrier=ON
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Item Feature Subclause Status Support Value/Commient
PME37 | Reaction of pma_carrierto fast- | 23.5.1.3.2 M Must not set
link pulse as'defined in ¢lause pma_carrier=ON
28
PME38 | Reactionofpra_carriertolink | 23.5.1.3.2 M Must not set
integtity test pulse signal pma_carrier=ON
TP IDL 100
PME39- | Differential iniput impedance 23.5:1.3.3 M Provide return loss into 100 |
of 17dB from:2.0 to 12.5 MHz
PMEA40 | Maintenance of return loss 23.5.1.33 M Atall times PHY is fully pow-
ered
PME41. | Droopas defined infigure 23~ |-23.5.1.3.3 M Less than 6%
18 during reception of test sig-
nal defined in figure 23-19
PME42. | Receiver common-mode rejec- | 23.5.1.3.4 M Receiver meets 23.5.1.3.1
tion; effect of By, as shown in
figure 23-24
PME43 . | gy used for common-mode 23.5.1.34 M 25 Vpeak-to-peak square
rejection tests wave, 500 kHz or lower in fre-
quency, with edges no slower
than4 ns
PME44. | Receiver faults; response to 23.5.1.3:5 M Withstand without damage and
indefinite application of short resume operation after fault is
circuits removed
PME45 | Receiver faults; response to 23.5.1.3.5 M Withstand without damage
1000 V-.common mode impulse
per IEC 60
PME46 |- Shape of impulse used for 23.5.1.3.5 M 0.3/50 o as defined in IEC 60
common mode impulsetest
PME47 | Receiver properly receives data | 23.5:1.3.6 M 25.00 MHz £0.01%
have a:worst-case ternary sym-
bol range
PME48 | Steady-state current 2352 MII:M 0.75 A maximum
consumption
PME49 | PHY operating voltage range 2352 MIE:M Includes worst voltage avail-
able from MII
PME50: | ‘Extrancous:signals induced on: | 23.5.2 M None
the MIIcontrol circuits during
normal power-up-and power-
down

This is ancésrbive ok Shangandsdkhas been superseded by a later version of this stanggrd.
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23.12.4.14 Characteristics of the link segment

Ttem Feature Subclause Status Support Value/Comment
LNK1 Cable used 23.6.1 INS:M Four pairs of balanced cabling,
Category 3 ot better, with-a
nominal characteristic imped-
ance of 100 |
LNK2 Source and load impedarice 2362 INS:M 100 |
used for cable testing (unless
otherwise specified)
INK3 | Insertion lossof simplex link 236211 INS:M Less than 12 dB
segment
INK4. . | Source and load impedances 23.6.2:1 INS:M Meet23.5.1.2:4 and 23:5.1.3.3
used to-measure cable insertion
loss
LNKS5 Characteristic impedance over | 26.6:2.2 INSM 85-115 |
(he range 2—12.5 MHz
LNK6 NEX'T loss between 2 and 23.6.23.1 INS:M Greater than
123 24.5 - 1510g( L5 ) aB
D= 0g -173
LNK?7 MDNEXT loss between 2-and | 23.6.2.3.2 INS:M Greater than
] 214 15log L) an
= og m
LNK8 | ELFEXT loss between 2 and 236233 INS:M Greater than
123 23.1- 15log( L) a
S e 0g m;
LNK9 . | MDELFEXT loss between 2 23.6.2.34 INS:M Greater than
and 125 ML 20,9~ 15l0g (L) an
= og ES-
INK10. | Propagation delay 23.6.24:1 INS:M Less than 570 1s
LNK11. | Propagation delay permeter 23.6:2.4.2 INS:M Less than 5.7 ns/n
INKI12 | Skew 236243 INSM Leéss than 50 ns
LNKI13 | Variatioii in skew oiice 23.6.243.3 INS:M Less thait = 10 ns; witliiir coii=
installed straint of I,NK8
LNKI14- | Noise level 23.6.3 INSM Such that objective error rate is
met
LNKI5 | MDNEXT noise 23.6.3:1 INS:M Less than 325 mVp
INK16 | MDFEXT noise 23.6.32 INSM Less than 87 mVp
LNK17 | Maximum length:of Category 23632 INS:M 10m
5, 25-pair jumper cables
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23.12.4.15 MDI requirements

|IEEE
Std 802.3, 1998 Edition

Item Feature Subclause Status Support Value/Comment
MDI1 MDI connector 23.7.1 M IEC 603<7:-1990
MDI2 Connector used on PHY 23.7.1 M Jack (as opposed to plug)
MDI3 Crossover in‘every twisted=pair |- 23.7.2 INSM
link
MDI4 MDI connector that imple- 23.7.2 XVR:M Marked with “X”
mentsthe crossover function

23.12.4.16 General safety and environmental requirements

Item Feature Subclause Status Support Value/Comment
SAFI Conformance to- safety 23.9.1 M TEC 950: 1991
specifications
SAF2 Installation practice 23.9.2.1 INS:M Sound practice; as defined by
applicable local codes
SAF3 Any safety grounding path for | 23.9.2.2 M
anexternally connected PHY
shall be provided through the
circuit:ground of the MII con-
nection
SAF4 Care taken during installation 23.9.23 INSM
to ensure that noninsulated net-
work cable conductors:do not
make ¢electrical contact with
unintended conductors or
ground
SAFS Application of voltages speci- | 23.9:2.4 M
fied in23.9.2.4 does not result
in any safety hazard
SAF6 Conformance with local-and 23.9.3.1 INS:M
national codes for the limita-
tion of electromagnetic ititer-
ference
23.12.4.17 Timing requirements
Item Feature Subclause Status Support Value/Comment
TIM1 PMA_OUT 23.11.3 PMAM 110 9.5BT
TIM2 TEN. PMA +PMA OUL 23113 PCS:M 7t017.5BT
TIM3 TEN._CRS 23.11.3 PCS:M 0 to+4BT

This is ancfyrbive | Bhk Skangaidsdbiias been superseded by a later version of this stanggrd.
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Item Feature Subclause Status Support Value/Commient

TIM4 NOT_TEN_CRS 23.11.3 PCS:M 281036 BT

TIMS RX PMA. CARRIER 23.11.3 PMA:M Less than 15.5 BT

TIM6 RX CRS 23113 PCS:M Less than 27.5. BT

TIM7 RX NOT_CRS 23.113 PCS:M 0to'51.5BT

TIMS8 FAIRNESS 23113 PCS:M 01028 BT

TIM9 RX _PMA DATA 23113 PMA:M 67t690.5 BT

TIM10 .. | EOP_CARRIER. STATUS 23113 M 51to74.5 BT

TIM11 | EOC_CARRIER. STATUS 23.113 M 310:50.5 BT

TIMI12 | RX RXDV 23113 PCS:M 81to114.5 BT

TIM13 - || RX_PMA ERROR 23.113 M Allowed limits equal the actual
RX_-PMA_DATA time for the
device under test plus from0 to
20 BT

TIM14. | RX COL 23.11.3 PCS:M Less than 27.5 BT

TIML5. | RX NOT _COL 23.113 PCS:M Less than 51.5 BT

TIM16. | TX NOT COL 23.11.3 PCS:M Less than 36 BT

TIM17 | TX_SKEW 23.11.3 M Less than 0.5 BT

TIML1S8:. | CRS_PMA. DATA 23113 PMAM Less than 78.5 BT

TIML9 - | COLto: BI .D3/4. OFF 23.11.3 PMA:M Less than 40 BT

This is an Archive IEEE Standard. It has been superseded by a later version of this standard.
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24. Physical Coding Sublayer (PCS) and Physical Medium Attachment (PMA)
sublayer, type 100BASE-X

24.1 Overview
2411 Scope

This clause specifies the Physical Coding Sublayer (PCS) and the Physical Medium Attachment (PMA) sub-
layer that ar¢ common to a family of 100 Mb/s Physical Layer implementations, collectively known as
100BASE-X. There are currently two embodiments within this family: 100BASE-TX and 100BASE-FX.
100BASE-TX specifies operation over two copper media: two pairs of shielded twisted-pair cable (STP).and
two pairs of unshiclded twisted-pair cable (Category 5 UTP).?! 100BASE-FX specifies operation over two
optical fibers. The tetm 100BASE-X is used when referring to issues common to both 100BASE-TX and
100BASE-FX.

100BASE-X leverages the Physical Layer standards of ISO 9314 and ANSI X3T12 (FDDI) through the use of
their Physical Medium Dependent (PMD) sublayers, including their Medium Dependent Interfaces (MDI). For
example, ANSI X3.263: 199X (TP-PMD)-defings a 125 Mb/s, full-duplex signaling systeni for twisted-pair
wiring that forms the basis for 100BASE-TX as defined in clause:25. Similarly, ISO 9314-3: 1990 defines a
system for transmission on optical fiber that forms the basis for 100BASE-FX as defined in clause 26.

100BASE-X maps the interface characteristics of the FDDI PMD sublayer (including MDI) to the services
expected by the CSMA/CD MAC: 100BASE-X can be extended to support any other full duplex medium
requiring only that the'medium be PMD compliant.

24.1.2 Objectives

The following are the objectives of 100BASE-X:

a) - Support the CSMA/CD MAC.

b) - Suppott the 100BASE-T MII, repeater, and optional Auto-Negotiation.

¢)-  Provide 100 Mb/s data rate at the MIL

d) - Suppott cablc plants using Catcgory 5 UTP, 150 | STP or optical fibcr, compliant ‘with ISO/IEC
11801: 1995.

¢) - Allow for a nominal network extent of 200-400 m;, including:
1) unshielded twisted-pair links of 100 m:
2y two tepeater networks of approximately 200 m span;
3) - one repeater networks of approximately 300 m span (using fiber); and
4) - “DTE/DTE links of approximately 400 m (using fiber):

f) . Preserve full-duplex behavior of underlying PMD chatinels.

24.1.3 Relationship of 100BASE-X to other standards

Figure 24-1 depicts the relationships among the 100BASE-X sublayers (shown shaded), other 100BASE-T
sublayets; the CSMA/CD MAC, and the IEEE 802.2 LLC.

24.1.4 Summary of 100BASE-X sublayers

The following provides an overview of the 100BASE-X sublayers that are :embodied in the 100BASE-X
Physical sublayer (PHY).22

2USO/IEC 11801: 1995 miakes no distinction betweeti shiclded or unshiclded twisted-pait cables, referring to bothas balanced cables:
22 The: T00BASE-X PHY should not be confused with the FDDIPHY, which is a sublayer functionally aligned to the 100BASE-T PCS.

This is an Archive |IEEE Standard. It has been superseded by a later version of this stanggrd.
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SUPPLEMENT TO 82,3

LAYERS ’ N
APPLICATION HIGHER LAYERS
PRESENTATION HLO—LOGICAL LINK CONTROL
SESSION MAC—-MEDIA ACCESS CONTROL
TRANSPORT | RECONCILIATION |
NETWORK
CIATA LINK
PHYSICAL

T 00 Mbis Baseband Hepeater Set
ar o HHOIBARE-X PHY {punt-lo-point 8ok}

MDD = MEDIUM DEPENDENT INTERFACE  PCS = PHYSICAL CODING SUBLAYER
Mt = MEDHA INDEPENDENT INTERFACE PMA ~ PHYSICAL MEDIUM ATTACHMENT

* 84 is oplicnal.

** AUTONEG communicates with the PRA sublayer thiough the PMA service inlerface messages
PMA_LINK request and PRA_LINI indicate.

% AUTONES 15 optional.

PHY = PHYRICAL LAYEH DEVICE
PRD = PHYRICAL MEDIUM DEPENDENT

Figure 24-1—Type 1D0BASE-X PHY relationship to the IS0 Open Systems
Interconnection {O81) reference mode! and the IEEE 802.3 CSMA/CD LAN model

24.1.4.1 Physical Coding Sublayer {PCS8)

The PCK nrterface 1s the Media Independent Interface (M} that provides » uniform inferface to the Recon-
ciltation suldayer for sl IDOBASE-T PHY mnplementations {e.g. 00BASE-X and 100BASE-T4)L
TOOBASE-X »s other 100BASE-T PHY % is modeled as providing services fo the MIL This is similar o the
wse of an AUT interface.

The HOBASE-X PCS realizes all services required by the MU, wchuding

a)  Encoding {decodmg) of MII data nibbles to {from} five-hif code-groups (4B/5B);
by Gesersting Carrier Sense and Colliston Deteet mdications;
£} Serialization {(deserialization) of code-groups for transmission {reception’ on the mnderlying sevial

PMA, and

4} Mapping of Trapsmit, Receive, Carrier Sense and Collision Detection bebween the M and the
onderiying PMA.
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24.1.4.2 Physical Medium Attachment (PMA) sublayer

The PMA provides a medium-independent means for the PCS and other bit-oriented clients (¢.g., repeaters)
to supportt the use of a range of physical media. The T00BASE-X PMA performs the following functions:

a) - Mapping of transmit and receive code-bits between the PMA’s client and the underlying PMD;

b) - Generating a control signal indicating the -availability -of the PMD to a PCS or other client, also syn-
chronizing with Auto-Negotiation when implemented;

¢) - Optionally, generating indications of activity (carrier) and carrier errors from the underlying PMD;;

d)- Optionally, sensing receive channel failures and. ‘transmitting the Far-End Fault Indication; -and
detecting the Far-End Fault Indication; and

¢) - Recovery of clock from the NRZI data supplied by the PMD.

24.1.4.3 Physical Medium Dependent (PMD) sublayer

100BASE-X uses the FDDI signaling standards ISO 9314-3: 1990 and ANSI X3.263: 199X (TP-PMD).
These signaling - standards; called  PMD sublayers, define 125 Mb/s, full-duplex signaling -systems that
accommodate multi-mode optical fiber, STP and UTP wiring. T00BASE-X uses the PMDs specified in these
standards with the PMD Service Interface specified in 24.4.1.

The MDI, logically subsumed within the PMD, provides the actual medium attachment, including connec-
tors. for the various supported media.

100BASE-X does not specify the PMD and MDI other than including the appropriate standard by reference
along with thc: minor adaptations nccessary for 100BASE=-X. Figure 24-2 depicts the rclationship between
100BASE-X and the PMDs -of ISO 9314-3: 1990 (for 100BASE-FX) and ANSI X3.263: 199X (for
100BASE-TX). The PMDs (and MDIs) for 100BASE-TX and 100BASE-FX are specified in subsequent
clauses of this standard.

24.1.5 Inter-sublayer interfaces

There are a number of interfaces employed by 100BASE-X. Some (such-as the PMA and PMD interfaces)
use an abstract service model to define the operation of the interface. The PCS Interface is defined as a set of
physical signals, in a medium-independent mannet (MII). Figure 24-3 depicts the relationship-and mapping
of the services provided by all of the interfaces relevant to: 100BASE-X.

It is important. to note that, while this specification defines  interfaces in terms of bits, nibbles, and
code-groups, implementations may choose other data path widths for implementation convenience. The only
exceptions are: a) the MIL which, when imipléniented, uses a nibble-wide data path as specified in ¢lause 22,
and b) the MDI, which uses a serial, physical interface.

24.1.6 Functional block diagram

Figure 24-4 provides a functional block diagram of the 100BASE-X PHY.

24.1.7 State diagram conventions

The body of this standard is-comprised of state diagrams; including the associated definitions of variables,
constants, and functions. Should there be a discrepancy between a state diagram and descriptive text, the

state diagram prevails.

The notation used in'the state diagrams follows the conventions of 21.5; state diagram timers follow the con-
ventions of 14.2.3.2.

This is an Archive |IEEE Standard. It has been superseded by & later version of this stanggrd.
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LAN
CEMACD
LAYERS

HIGHER LAYERS

LLOLOGICAL LINK CONTROL

MAC—MEDIA ACCESS CONTROL
; RECONCILIATION

g 1HOBASE.X
| PHY

o

T

B i

-

To 100 Mbis Bassband Repeater Set
of 10 HHUBASE-X PHY {pomd-io-point ink}

ety

R

i
JOOBAREFX THHASE-TX
{PCS, PMA, and Fibor PRI (PCS, PMA, and TR-PMI)

M = MEDIUM DEPENDENT INTERFACE  PMA = PHYSICAL MEDIUM ATTACHMENT
8 = MEDIA INDEPENDENT INTERFACE  FHY = PHYRICAL LAYER [EVICE
POS = PHYSICAL CODING BUBLAYER Fibrer PMD = PHYSICAL MEDIUM DEPERDENT SUBLAYER FORFRER
TRPMD = PHYSICAL MEDILM DEPENDENT SUBLAYER FOR
TWISTED PAIRS
NOTE-The PMD sublavers are muduslly independent.
* 8 s optionsd,

Figure 24-2-Relationship of 100BASE-X and the PMDs

24.2 Physical Coding Sublayer (PS5}
24.2.1 Service Interface {MH)

The PCB Bervice Interfoce allows the IMIBASE-X PCS o transfer infonuation to and fom e MAC {via
the Heconciliation soblayer} or other PUS chemt, such as a repeater. The PUS Nervice Interface is precisely
detined as the Media Independent Interface (MIT} in clause 22,

In this clause, the sething of M variables fo TRUE or FALRE &5 squivalent, respectively, to “asserting” or
“de-asserting” them as specified in clause 22,

24.2.2 Functional regquirements

The PCS comprises the Transmit, Receive, and Carrier Sense functions for LO0BASE-T. In addition, the col-
hstonDretect signal requived by the MAC (COL on the MID is dertved from the PMA code-hit steam. The
PCS shickls the Reconciliation sublayer (and MAC) from the specific nature of the vnderlving channel Spe-
cifically for receiving, the 1DUBASE-X PCK passes o the MIT a sequenwe of data nibbles derived from
fneorming code-groups, each comprised of five code-bits, recetved Bom the medium, Code~group shignment
and MAC packet deliniting s pecformed by embedding special non-data code-groups. The MIE wses ¢ b
ble-wide, synchronons data path, with packet delimiting being provided by separate T _EN and RX_ DV

This s amgrehive IEEE Slandard. I has been superseded by a ater version of this standard.
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TRANSMIT RECEIVE CONTROL
] 1 1
RX_CLK
TXD<3:0> =
Ml TX_CLK " TX EN RXD<3:0> CRS
TX ER RX_DV CcoL
| = RX_ER ‘
PCS
pma_type
PMA Service : ; carrier_status
Interface tx. code-bit X_codebit link_status
rxerror_status
PMA
PMD Service o S rx_nrzi-bit
Interface be nrzk-bit P nrzi-bit signal_status
PMD ‘ ’
Transmit Receive

I
MDI
I
Figure 24-3—Interface mapping

signals. The PCS provides the functions necessary to map these two views of the exchanged data. The pro-
cessis reversed for transmit.

The following provides a detailed specification of the functions performed by the PCS, which-comprise five
parallel processes (Transmit, Transmit Bits, Receive, Receive Bits, and Carrier Sense). Figure 24-4 includes
a functional block diagram of the PCS.

The Receive Bits process accepts: continuous- code-bits. via the: PMA. UNITDATA:indicate primitive.
Receive monitors these bits and generates RXD <3:0>, RX DV and RX. ER on the MII, and the internal
flag, receiving, used by the Carrier Sense and Transmit processes:

The Transmit process generates continuous code-groups based upon the TXD <3:0>, TX EN, and TX ER
signals on the MIIL These code-groups ate transmitted by Transmit Bits via the PMA UNITDATA request
primitive. The Transmit process generates the MII signal COL: based on whether a reception is occurring
simultancously with transmission. Additionally, it generates the internal flag, transmitting; for use by ‘the
Carrier Sense process.

The Carrier Sense process asserts the MII signal CRS when ¢ither transmitting or receiving is TRUE. Both
the Transmit and Receive processes monitor link status via the PMA. LINK.indicate primitive, to- account
for potential hrik failure conditions.

24.2.2.1 Code-groups

The PCS maps four-bit nibbles from the MII into five-bit code-groups; and vice versa, using a 4B/5B block
coding scheme. A code-group-is a-consecutive sequenice of five code-bits interpreted and mapped by the
PCS. Implicit in the definition of a:code-group is an establishment of code-group boundaries by an align-
ment function within the PCS Receive process. It is important to note that, with the sole exception of the
SSD. which is used to achieve alignment, code-groups are undetectable and have no-meaning outside the
100BASE-X physical protocol data unit, called a “stréam.”

The coding method used, derived from ISO-9314-1: 1989, provides

This is an Archive IEEE Standard. It has been superseded by 2 later version of this stanggrd.
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Figure 24-4—Functional block diagram
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a) - Adequate codes (32) to provide for all Data code-groups (16) plus necessary control code-groups;

b) Appropriate coding efficiency (4 data bits per'5 code-bits; 80%) to effect a 100'Mb/s Physical Layer
interface on a 125 Mb/s physical channel as provided by FDDI PMDs; and

¢).Sufficient transition density to facilitate clock recovery (when not scrambled).

Table 24-1 specifies the interpretation assigned to ‘each five bit code-group; including the mapping to the nib-
ble-wide (TXD:or RXD) Data signals on the MII. The 32 code-groups are divided into four categories, as
shown.

For clarity in the remainder of this clause; code-group names are shown between /slashes/. Code-group
sequences are shown in succession, e.g.:/1/2/....

The indicated code-group-mapping is identical to 1SO 9314-1:.1989, with four exceptions:

a) ~ The FDDI term symbol is-avoided in order to prevent confusion with other 100BASE-T terminology.
In general, the term code-group is used in its place.

b) - The /S/ and /Q/ code-groups are not used by 100BASE-X and are intetpreted as INVALID:

¢) The /R/ code-group is used in I00BASE-X as the second code-group of the End-of-Stream delimiter
rather than to indicate a Reset condition.

d) - The /H/ code-group is-used to propagate receive errors rather than to indicate the Halt Line State.

24.2.2.1.1 Data code-groups

A Data code-group conveys one nibble of arbitrary data between the M1l and the PCS. The sequence of Data
code-groups is arbitrary, where any Data code-group: can be followed by any other Data code-group. Data
code-groups are - coded and decoded but not interpreted by - the PCS. Successful decoding of Data
code-groups depends on proper receipt of the Start-of-Stream delimiter sequence, as defined in table 24<1.

24.2.2.1.2 Idle code-groups

The Idle code-group (/1/) is transferred between streams. 1t provides a continuous fill patter to'establish and
maintain clock synchronization. 1dle code-groups are emitted from, and interpreted by, the PCS.

24.2.2.1.3 Control code-groups

The Control code-groups are used in pairs (/J/K/, /T/R/) to delimit MAC packets. Control code-groups are
emitted from, and interpreted by, the PCS.

24.2.2.1.4 Start-of-Stream Delimiter (/J/K/)
A Start-of-Stream Delimiter (SSD) is used to delineate the boundary of a:data transmission sequence and to
authenticate carrier events. The SSD is unique in. (hal it may be recognized independently- ol previously

established code-group boundaries. The Receive function within the PCS uses the SSD ‘to ¢stablish
code-group boundaries. A SSD consists:of the sequence /J/K/.

On transmission, the first 8 bits of the MAC preamble are replaced by the SSD, a replacement that is
reversed on teception.

24.2.2.1.5 End-of-Stream delimiter (/T/R/)
An End-of-Stream delimiter (ESD) terminates all normal data transmissions. Unlike the SSD; an ESD: can-

not be recognized independent of previously established code-group boundarics. An ESD consists ‘of the
sequence /T/R/.

This is an Archive IEEE Standard. It has been superseded by a later version of this stanggyrd.
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Table 24-1—4B/5B code-groups

PCS code-group MIL(TXD/RXD)
[4:0] Name <3:0> Interpretation
43210 3210

D 1.1 110 (0] 0.0 0 0 Data 0
A To1001 1 0 0 0 1 Data 1
‘1: 10100 2 0 0.1 0 Data 2

10101 3 0.0 1 1 Data 3

0.1.0.1.0 4 0..1.0 .0 Data4

010 1.1 5 0.1 .0 1 Data.5

0.1.1 10 6 0 1.1 0 Data 6

01111 7 .1 1 1 Data 7

1.0.0.1.0 8 1.0 0 0 Data 8

100711 9 1.0.0 1 Data 9

1.01.10 A 1.0 1.0 DataA

10111 B 1.0 1 1 DataB

11010 C 1.1 0.0 DataC

11011 D 1.1.0 1 DataD

1.1.1.0.0 E 1.1.1 0 DataE

11101 F 1.1 1 1 DataF

11111 I undefined IDLE;

used as inter-stream fill code

¢ 11000 I 0 1 0 1 Start-of-Strcam Delimiter, Part 1 of 2;
O always used in pairs with K
N 10001 K 0.1 0.1 Start-of-Stream Delimiter; Part 2 -of 2;
T always used inpairs with J
Ié 01101 T undefined End-of:Stream Delimiter, Part 1 of 2;
I, always used in’pairs with-R

00111 R undefined End-of-Stream Delimiter, Part 2 of 2;

always used in pairs with T

1 00100 H ‘Undf‘:ﬁr‘lcd ’ TranbmitEffor,
N used to force signaling errors
v 00000 v Undefined Invalid code
ﬁ 0.0.0 01 A% Undefined Invalid code
I 000710 v Undefined Invalid code
D 00011 v Undefined Invalid code

00101 v Undefined Invalid.code

0.0 1.1.0 Y% Undefined Invalid code

0.1 000 v Undefined Invalid-code

01100 v Undefined Invalid code

10000 v Undefined Invalid code

11001 v Undefined Invalid code

This is anigychive IEEE Standard. It has been superseded by a later version of this standard.
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24.2.2.1.6 Invalid code-groups

The /H/ code-group indicates that the PCS’s client wishes to indicate a Transmit Error to its peer entity. The
normal use of this indicator is for repeaters to propagate: received errors. Transmit Error ¢ode-groups are
emitted from the PCS, at the request of the PCS’s client through the use of the TX ER signal, asdescribed in
24.2.4.2.

The presence of any invalid code-group on the medium, in¢luding /H/, denotes a collision artifact or an error
condition. Invalid code-groups ‘are not intentionally transmitted onto-the medium by DTE's. The PCS indi-
cates the reception of an Invalid code-group on the MII through the use of the. RX_ER signal, as described in
24.2.4.4.

24.2.2.2 Encapsulation

The T00BASE-X PCS accepts frames from the MAC through the Reconciliation sublayer and MII. Due to
the continuously signaled nature of the underlying PMA; and the encoding petformed by the PCS, the
100BASE-X PCS encapsulates- the MAC frame (100BASE-X Service Data Unit, SDU) into- a:Physical
Layer stream (100BASE=X Protocol Data Unit, PDU).

Except for the two code-group SSD, data nibbles within the SDU (including the non-SSD portions of the
MAC preamble and SFD) are not interpreted by the 100BASE-X PHY. The conversion from a MAC frame
to a Physical Layer stream and back to a MAC framie is transparent to- the MAC.

Figure 24-5 depicts the mapping between MAC frames and Physical Layer streams.

MAC Frame
octets 8 6 6 2 46-1500 4 212
FTTTT T I T T I T T T T oo TTTTTTTTITTITITT
Preé’]%b|e/ DA SA " |In LLC data FCS | interframe gap
S0 O 1 e 100 5 I S 1 B e
L 100BASE-X SDU »
"1 SSD 1 ESD
pd
ITTTTTITTTTITTTITTT I ITTTTTTTTTTTTTTITTTITT IDLE
o L Data Code-group pairs Code-groups
L1 ] T I I I 00 0 A O I Y T T 1 Y O |
L 100BASE-X PDU

.

Physical Layer stream

Figure 24-5—PCS encapsulation

This is an Archive IEEE Standard. It has been superseded by a later version of this stangard.
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A propesly formed stream can be viewed as comprising three elements:

&y Srwt-ofiStresm Delimiter, The start of o Phiysival Layer stream is indicated by & 88D, as defined
34.2.2.1. The 88D replaces the first octet of the preanble from the MAC frame and vice versa,

Y Dute Code-groups. Between delinmters (88D and ERD), the PCS conveys Data code-groups corre-
sponuding to the data nibbles of the MU, These Data code-groups comprise the 100BASE-X Nervice
Diata Lhut {(SDUY. Data nibbles within the SDU (including those corresponiding to the MAC pream-
ble and SFIY) are not mderpreted by the ID0BASE-X PCR.

ey End-nf-Streon: Deltmiter, The end of a properdy formed stream s indicated by an ESDY as defined i
34.2.2.1. The ESD is trausmitted by the POS following the de-assertion of TX_EN on the M,
which carvesponds fo the last data uibble composing the FOUS from the MAC, It is transmitted during
the period considered by the MALC fo be the interfrome gop (IFG). On reception, FSD ix inferpreted
by the PCS as terminating the 8DU.

Between stresuns, IDLE code-groups are conveyed between the PCK and PMA.
24.2.2.3 Data delay

The PCE maps a noi-aligned code-bit data path from the PMA to an aligned, niblde-wide data path on the
M, both for Transmit and Receive. Logically, received bits st be buffered to facilitate SSD detection and
aligronent, coding translation, and ESD detection, These functions pecesstiate an internal PCS delay of at
least two code-groups. In practive, aligiment may necessitate even longer delavy of the iwoming vode-dit
stygany.

When the MII is present ax an exposed interface, the MII signals T CLK and BX CLK, net depicted in the
following state diagrams, shall be generated by the PCS in socordance with olause 22,

24.2.2.4 Mapping between Mil and PMA

Figure 24-6 depicts the mapping of the nibble-wide data path of the M to the five-bit-wide code-proups
{iderned to the POS) and the code-bit path of the PMA interface.

TXD <3:0> RAD <38
3310 3210

B B
{35 mullfion nikddesis r {25 miion nbblesds)
ARS8 SRR
Enondey HESY O
PCS Encoding * PCS Decoding
{25 mithon code-groupsis) . {25 mithon code-groupsds}

%] [MHF
GETBS43210 |
v

PMA Interface PHA Interface

{135 million mzi-bite/s) {125 aillion ruei-bis)

Figure 24-5—PCS reference diagram
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Upon receipt of a nibble from the MIL, the PCS encodes it into a five-bit code-group; according to 24.2.2.1.
Code-groups arc serialized into- code-bits and passed to the PMA for transmission on the undetlying
medium, :according to figure 24-6.- The first -transmitted code-bit of a code-group is bit 4, and. the-last
code-bit transmitted is bit 0. There is no numerical significance ascribed to the bits within a code-group; that
is, the code-group is simply ‘a five-bit pattern that has some predefined interpretation:

Similarly, the PCS deserializes code-bits received from the PMA; according to figure 24-6. After alignment
is-achieved, based on SSD ‘detection, the PCS converts code-groups into MII data nibbles, ‘according to
24.2.2.1.

24.2.3 State variables

24.2.3.1 Constants

DATA
The set of 16 code-groups corresponding to valid DATA, as specified in 24.2.2. 1. (In the Receive
state diagram, the set operators € and ¢ are used to represent set membership and nion-
membership, respectively.)
ESD
The code-group pair corresponding to the End-of-Stream delimiter; as specified in 24.2.2.1.
ESD1
The code-group pair corresponding to'the End-of-Stream delimiter, Part 1(/T/). as specified in
24.2.2.1.
ESD2
The code-group pair corresponding to the End-of-Stream delimitet, Part 2 (/R/),:as specified in
24.2.2.1.
HALT
The Transmit Error code-group (/H/), as specified in 24.2.2.1.
IDLE
The IDLE code-group, as specified in 24.2.2.1.
IDLES
A code-group pair comprised-of /I/I/; /1/ as:specified in 24.2.2.1.
SSD
The code-group pair corresponding to- the Start-of-Stream delimiter, as specified in 24.2.2.1.
SSD1
The code-group corresponding to the Start-of-Stream delimiter, Part 1-(/J/), as specified in
24.2.2.1.
SSD2

The code-group corresponding to the Start-of-Stream delimiter, Part 2 (/K/), as specified in
24.2.2.1.

24.2.3.2Variables
In the following, values for the MII parameters are definitively specified in clause 22.

COL
The COL signal of the MII'as specified in clause 22.

CRS
The CRS signal-of the MII as specified in-clause 22.

This is an Archive IEEE Standard. It has been superseded by a later version of this stanggrd.
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link_status
The link status parameter as communicated by the PMA LINK indicate primitive.

Values: - FAIL; the receive channel is not intact
READY:; the receive channel is intact and ready to be enabled by Auto-Negotiation
OK; the receive channel is intact and enabled for reception

receiving
A boolean set by the Receive process to indicate non-IDLE activity (after squelch). Used by the
Cartier Sense process, and also intérpreted by the Transmiit process for indicating a collision.

Values: TRUE; unsquelched carrier being received
FALSE; carrier not being received

rx_bits [9:0]
Avector of the 10 most recently received code-bits from the PMA: as assembled by Receive Bits
and processed by Receive. rx_bits [0] is the most recently received (newest) code-bit; rx_bits [9]
is the least recently received code-bit (oldest). When alignment has been achieved, it contains the
last two code-groups.

X code-bit
The rx code-bit parameter as communicated by the most recent PMA, UNITDATA indicate
primitive (thatis, the value of the most recently: received code-bit from the PMA).

RX DV
The RX. DV signal of the MII as specified inclause 22. Set by the Receive process, RX DV is
also interpreted by the Receive Bits process as an indication that rx bits is code-group aligned.
RX ER
The RX ER signal of the MII as specified in clause 22:
RXD <3:0>
The RXD <3:0> signal of the MIL as specified in clause 22.
(ransimnilling

Abooléan set by the Transmit Process to indicate a transmission in progress. Used by the Carrier
Sense process.

Values:- - TRUE; the PCS’s client is transmitting
FALSE; the PCS’s client is not transmitting

tx_bits [4:0]

Avector of code-bits representing a'code-group prepared for transmission by the Transmit Process

and transmitted to the PMA by the Transmit Bits process.
TX EN

The TX EN signal of the MII as specified in clause 22.
TX ER

The TX ER signal of the MII as specified inclause 22.
TXD <3:0>

The TXD <3:0> signal of the MII as specified in clause 22.

24.2.3.3 Functions

nibble DECODE (¢ode-group)
In Receive, this function'takes as its argument a five-bit.code-group and returns the corresponding
MII RXD <3:0> nibble; per table 24-1.

code-group ENCODE (nibble)
In the Transmit process, this function takes as itsargument an MII TXD <3:0> nibble, and returns
the cortesponding five-bit code=group per table 24-1.

SHIFTLEFT (rx_bits)
InReceive Bits, this function shifts rx. bits left one bit placing rx_bits [8] inrx _bits [9]. rx bits [7]
in rx_bits [8] and so on-until rx bits [1] gets rx_bits [0].

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

D-Link-1007
Page 187 (of 415)


3djc
Sticky Note
None set by 3djc

3djc
Sticky Note
MigrationNone set by 3djc

3djc
Sticky Note
Unmarked set by 3djc

V
Rectangle


IEEE
CSMA/CD Std 802.3u~1995

24.2.3.4Timers

code-bit " timer

Inthe Transmit Bits process, the timer governing the output of code-bits from the PCS to the PMA:
and thereby to the medium with a nominal 8 ns period. This timer shall be derived from a fixed
frequency oscillator with a base frequency of 125 MHz + 0.005% and phase jitter-above 20 kHz
less than + 8Y.

24.2.3.5 Messages

gotCodeGroup.indicate
A signal sent to the Receive process by the Receive Bits process after alignment has been achieved
signifying completion of reception of the next code-group in rx_bits(4:0), with the preceding
code-group moved to rx_bits [9:5]. rx_bits [9:5] may be considered as the “current” code-group.

PMA_UNITDATA:indicate (rx_code-bit)
A signal sent by the PMA signifying that the next code-bit from the medium is:available in
rx_code-bit.

sentCodeGroup.indicate

A signal sent to'the Transmit process from the Transmit Bits process signifying the completion of
transmission of the code-group in tx_ bits [4:0].

24.2.4 State diagrams
24.2.4.1 Transmit Bits

Transmit Bits is responsible for taking code-groups prepared by the Transmit process and transmitting them
to the PMA using PMA_UNITDATA request; the frequency of which determines the transmit clock.
Transmit deposits these code=groups in tx bits with Transmit Bits signaling completion of a. code-group
transmission with sentCodeGroup.indicate.

The PCS shall implement the Transmit Bits process as depicted in figure 24-7 including compliance with the
associated state variables as specified in24:2.3.

24.2.4.2 Transmit

The Transmit process: sends code-groups-to the PMA via tx. bits and the Transmit Bits process. When ini-
tially invoked. and between streams (delimited by TX. EN on the MII), the Transmit process sources contin-
uous Idle code-groups (/I/) to the PMA. Upon the assertion of TX EN by the MIL the Transmit process
passes-an SSD(/J/K/) to the PMA, ignoring the TXD <3:0> nibbles during these two code-group times. Fol-
lowing the SSD; each TXD <3:0> nibble is encoded into a five-bit code=group until TX EN is deasserted. If,
while TX EN is asseried, the: TX ER signal is asscrted, the Transmit process passes Transmit Error
code-groups (/H/) to the PMA. Following the de-assettion of TX EN, an ESD (/T/R/) is generated, after
which the transmission of Idle code-groups is resumed by the IDLE state.

Collision detection is. implémented by noting the occurrence of carrier re¢eptions during transmissions; fol-
lowing the model of 10BASE-T. The indication of link status T OK by the PMA at any time causes an

immediate transition to the IDLE state and supersedes any other Transmit process operations.

The PCS: shall implement the Transmit process as. depicted in figure 24-8 including compliance with the
associated slate variables as specified in 24.2.3.

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

l

GUTPUT

PRA_UNITOATA mquest {ix_bits [4]}
Btart codedt timer

cotde-bit_fmer_done

h 4
GUTPUT 2

PRA_UNITOATA reguest (0 bits [3B
Start code-t_timer

oode-bat_ tmer done

CUTPUT 3

PMA_UNITDATA request {le_bis 2]
Start oode-bil_fimer

cotte-bit timer done

w
OUTPUT 4

P UNITOATA request (I bits [11

Start pode-bif_Bmer

code-Dit_timer_done

i
CUTPUT &
PRIA_UNITDATA request {Ix_bits [0
semtCodeCroup ndicats

Start code-bit_tmer

codebit_fimer_done

Figure 24-7--Transmit Bils state diagram

24.2.4.3 Receive Bils

The Reveive Bis process eollects code-bits fromy the PRMA wmterface passing them 1o the Receive process via
mx bits. 1x_bits {9:0] represents a shding, 10-bit windew on the PMA code-bits, with newly recerved
code-bits from the FMA {x_code-bif) betug shifted into rx_bais [0} This is depicted in Bgore 24-9. Bits are
collected serially natl Recerve indicates aligmment by asserting RX_ DV, after which Recetve Bas signals
Recetve for gvery five code-bits scounmidated. Serial processing resmmes with the de-assertion of RX_DV.

The PCS shall implement the Receive Bits process as depicted in Sigare 24-10 including complinnce with the
associated state varigbles as specified tn 24.2.3.

24.2.4.4 Receive

The Receive process state machine can be viewed as comprising two sections; prealizned and aligoed. In the
presligned states, IDLE, CARRIER DETECT, and COMFIRM K, the Receive process s waiting for an indi-
cation of channel activity followed by a 88D, After successful alignmwent, the meoming code-groups are
decoded while wailing for stream tenmination.

This s anpfgehive IEEE Slandard. I has been superseded by a ater version of this standard.
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Figure 24.8-—Transmit state diagram

24.2.4.4.1 Detecting channel activity

The detection of activity on the snderlying channel i3 used both by the RMAL (via the MII CRS signal and
the Reconcifiation subdayer) for deferval purposes, and by the Transmit process for colliston detection.
Aetivity, signaled by the assertton of recetving, & mdicated by the receipt of two non-contigoous ZEROS
within any 18 code-bits of the incoming code-bit stream.

This s an Archive IEEE Slandard. I has been superseded by a ater version of this stangsyd.
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x_oodde-bit

Figure 24-9--Receive Bits reference diagram

24.2.4.4.2 Code-group alignment

After chammel activity i1s detected, the Receive process first aligns the incoming code-bits on code~group
boundaries for subsequent data decoding. Thix is achieved by scansing the rx_bits vector for a 88D ((IKS.
The MIL RX DV signal rerosins deasserted doving this time, which ensures that the Reconcibiation sublayer
will ignore any signals on RXD <3:05, Detection of the S8I) causes the Beceive process to enfer the START
OF STREAM I siate.

Well-formend streasms contain SSDY IRV w place of the flrst eaght preamble bits, In the event that something
else is sensed immediately following detection of carrier, a False Carrier Indication is signaled to the M by
asserting R¥ ER and seiting RXD 1o 1110 while RY_DV remains de-asserted, The assoviated carrier event,
as termanated by 10 ONEs, s vtherwise ignored,

24.2.4.4.3 Stream decoding

The Recetve process substitutes @ sequence of slternatng ONE snd ZERO data-bits for the S8, whiclt is
consistent with the preambde pattern expected by the dMAL.

The Receive process then performs the DECODE fimction on the incoming code-groups, passing decoded
data to the MIL including those corvesponding to the remaiidder of the MAL preambile and SFD. The MU
signal RY_ER 5 asserted upon decoding any code-group following the 38D that is netther & valid Dats
code-gronp nor a valid steeam tennination sequence,

24.2.4.4.4 Stream termination
There are two menns of effecting siream termination in the Recetve process (Raure 24-11)

A normal stream termination is caused by detection of an ESD {(FT/RS in the rx bits vector. In order to pre-
serve the ability of the MAC to properdy debimit the FUS st the end of the frame (that is to avoid incorrect
AhgounentErrors in the MAC)Y the intermal signal recetving (and through 1t the MII CRE signal, per clouse
22 is de~asserted tmediately following the last code-bit 1o the stream that waps to the FUS. Note that the
condition link_ status # OK during stream reception (that s whes recetving = TRUE) causes an inunediate
fransition o the LINK FATLED state and supersedes any other Recetve process operafions.

A premature stream tennination is caused by the detection of two Idle code-groups {17} i the rx_bits vecior
prior te an BESD. Mote that RX_DV rematos asserted during the nibble corresponding o the firet ve contig-
uons ONEs while RX_TR is signaled on the MIL RX_ER iz also asserted mn the LINK FAILED state, wlich
ensures that BX_ER remsins asserted for sufficient thoe w be detected.

Btreany termination canses a fransition fo the IDLE siate.

This s anpsgehive IEEE Slandard. 1 has been superseded by a ater version of this standard.
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Figure 24-10-—Receive Bits siate diagram

The PUS shall implement the Recetve process as depicted 1o figure 24-11 including comphiance with the
associated stale variables as specified in 24.2.3.

24.2.4.5 Carrier Sense
The Carrier Sense process generates the sigaal CRS on the ML which (via the Reconciliation sublayer) the
MAL uses for frame receptions and for deferral. The process aperales by performing a logical OR operation

on the mrternal messages recewving snd hansmitting, geperated by the Receive and Trarsmil processes,
pespectively
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Figure 24-11-—Receive state diagram
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The PCS shall implement the Carrier Sense provess as depicted in figure 24-12 inchwding comphiance with
the associated state variables as specified in 24.2.3.

BEGIN
iransmiting = TRUE +
racaiving = TRUE
CARRIER SENSE OFF P CARRIER RENSE ON
CRS « FALSE ¥ CR$ = TRUE
transoitiing = FALSE »

recaing = FALRE

Figure 24-12—Carrier Sense state diagram

24.3 Physical Medium Attachment {PMA)} sublayer
24.3.1 Service interface

The following specifies the service iterface provided by the PMA to the PCS or another chient, such as a
vepesater, These servives are described in an abstract manner and do pot imply auy particulay bnplementation.

The PMA Service Interfoce supparts the exchange of code-biis betwewn the PCS andior Repeater entdities.
The PRMA converts code-bits inte NRZI format and passes these to the PMD, and viee versa. It also gener-
ates additional status indicatipus for use by is clent,

The following primitives are defined:

PMA_TYPE idicate
PRMA_UNITDATA request
PMA UNITDATA mndicate
PMA CARRIER mwdicate
A LINK mdican

PMA LINK reguest
PAA_RXERROR wdicate

24.3.4.1 PMA_TYPE.indicate
This pramitve is generated by the PMA to mdicate the nature of the PMA istantiation. The parpose of this
primitive is o allow clisnts to support conmections to the various types of HIOBASE-T PMA entities tn a
generalized manner.
24.3.1.1.1 Semantics of the service primitive
PMA_TYPE indicate (pma_type}
The pana_type parameter for use with a 1DEBASE-X PMA & “X7,
24.3.1.1.2 When generated

The PMA continnonsly generaes thus prisative to indicate the value of proa_type.

This s an Archive IEEE Slandard. I has been superseded by a laler version of this stangsed.
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24.3.1.1.3 Effect of receipt
The effect of receipt of this primitive by the client is unspecified by the PMA sublayer.
24.3.1.2 PMA_UNITDATA.request
This primitive defines the transfer of data (in the form of code-bits) from the PMA’s client to the PMA.
24.3.1.2.1 Semantics of the service primitive
PMA  UNITDATA request (tx_code-bit)

This primitive definies the transfer of data (in the form of code-bits) from the PCS orother:client to the PMA.
The tx_code-bit parameter can take one of two values: ONE or ZERO.

24.3.1.2.2When generated

The PCS or other client continuously sends; at.a nominal 125 Mb/s rate, the appropriate code-bit for trans-
mission on the mediun.

24.3.1.2:3 Effect of receipt

Upon receipt of this primitive, the PMA generates a PMD - UNITDATA request primitive, requesting trans-
missionof the indicated code-bit, in NRZI format (tx_nrzi-bit), on the MDL

24.3.1.3 PMA_UNITDATA.indicate
This primitive defines the transfer of data (in the form of code-bits) from the PMA to-the PCS.or other client.
24.3.1.3.1 Semantics of the service primitive

PMA. UNITDATA indicate (rx_code-bit)

The data conveyed by PMA: UNITDATA indicate is a continuous code-bit sequence at a nominal 125 Mb/s
rate. The rx - code-bit parameter can take:one of two values: ONE or ZERO.

24.31.3.2When generated

The = PMA continuously - sends -code-bits to- the PCS - or other ¢lient = corresponding to the
PMD  UNITDATA . indicate primitives received from the PMD.

24.3.1.3.3 Effect of receipt

The eflfect ol receipt ol this primitive by the cliert is unspecified by the PMA: sublayer.

24.3.1.4 PMA_CARRIER.indicate

This primitive is generated by the PMA to indicate that a non-squelched, non-IDLE code-bit sequence is
being received from the PMD. The purpose of this primitive is to give clients the eatliest reliable indication
of activity on the undetlying continuous-signaling channel.

24.3.1.4.1 Semantics of the service primitive

PMA_CARRIER.indicate (carrier_status)

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

D-Link-1007
Page 195 (of 415)


3djc
Sticky Note
None set by 3djc

3djc
Sticky Note
MigrationNone set by 3djc

3djc
Sticky Note
Unmarked set by 3djc

V
Rectangle


IEEE
CSMA/CD Std 802.3u~1995

The carrier status parameter can'take on one of two values, ON or OFF, indicating whether a non-squelched,
non-IDLE code-bit Sequiénce (that is, carrier) is being reéceived (ON) or not (OFF).

24.3.1:4.2 When generated
The PMA generates this primitive to indicate a-change:in the value of carrier_status.
24.3:1.4.3 Effect of receipt
The effect of receipt of this primitive by the client is unspecified by the PMA sublayer.
24.31.5 PMA_LINK.indicate
This primitive is generated by the PMA to indicate the status of the underlying PMD teceive link.
24.3.1.5.1 Semantics of the service primitive
PMA LINK.indicate (link status)
The link status parameter can take on one of three values: READY, OK; or FAIL, indicating whether the
underlying receive channel is intact and ready to be enabled. by Auto-Negotiation (READY), intact and
enabled (OK), or not intact (FAIL). Link status is set to: FAIL: when the PMD  sets signal “status to OFF;

when Auto-Negotiation (optional) sets link control to DISABLE; or when Far-End Fault Detect (optional)
sets faulting to TRUE. When link_status T OK, then rx_code-bit and carrier_status are undefined.

24.3.1.5.2 When generated
The PMA generates this primitive to indicate a change in the value of link status.
24.3.1.5.3 Effect of receipt
The effect of receipt of this primitive by the client is unspecified by the PMA sublayer.
24.3.1.6 PMA_ LINK.request
This primitive is generated by the Auto-Negotiation algorithm, when implemented. to allow it to enable and
disable operation of the PMA. See clause 28. When Aulo-Negoliation is not irnpleriented, the printitive is
never invoked and the PMA behaves as if link “control = ENABLE.
24.3.1.6.1 Semantics of the service primitive

PMA_LINK request (linkcontrol)
The link control parameter takes on one of three values; SCAN _FOR CARRIER, DISABLE, or ENABLE.
Auto-Negotiation sets link control to SCAN_FOR. CARRIER prior to receiving any fast link pulses, per-
mitting the PMA to sens¢ a 100BASE-X signal. Auto-Negotiation sets link control to DISABLE when it
senses an Auto-Negotiation partner (fast link pulses) and must temporarily disable the 100BASE-X PHY

while negotiation ensues. Auto-Negotiation sets link control to ENABLE when full control is passed to the
100BASE-X PHY.

24.3.1.6.2When generated

Auto-Negotiation generates this primitive to indicate a change in link control as described in clause 238.

This is an Archive IEEE Standard. It has been superseded by a later version of this stanglgrd.
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24.3.1.6.3 Effect of receipt
This primitive affects operation of the PMA: Link Monitor functionas described iin 24.3.4.4.
24.3.1.7 PMA_RXERROR.indicate
This primitive is generated by the PMA to indicate that an error has been detected during a carrier event.
24.3.1.7.1 Semantics of the service primitive
PMA RXERROR indicate (rxerror_status)

The rxerror status parameter can take on one of two values: ERROR or NO_ERROR; indicating whether the
received carrier event contains a detectable error (ERROR) or not (INO_ERROR). A carrier event is consid-
ered to be in error when it is not started by a Start-of-Stream Delimiter.

24.31.7.2 When generated

The PMA generates this primitive whenever a new, non-squelched carrier event is not started by a Start-of-
Stream Delimitet.

24.3.1.7.3 Effect of receipt

The effect of receipt of this primitive by the client is unspecified by the PMA sublayer.

24.3.2 Functional requirements

The 100BASE-X PMA comprises the following functions:

a)  Mapping of transmit and receive code-bits between the PMA- Service Interface and the PMD Service
Interface;

b)- - Link Monitor, which maps the PMD_ SIGNAL.indicate primitive to the PMA  LINK indicate primi-
tive, indicating the availability of the undetlying PMD;

¢) - Carrier Detection, which generates the PMA CARRIER .indicate and PMA_RXERROR.indicate
primitives from inspection of received PMD signals; and

d) - Far-End Fault (optional), comptised of the Far-End Fault Generate and Far-End Fault Detect pro-
cesses, which sense receive channel failures and send the Far-End Fault Indication, and sense the
Far-End Fault Indication.

Figure 24-4-includes a functional block diagram of the PMA.
24.3.2.1 Far-End fault

Auto-Negotiation provides a-Remote Fault capability useful for detection of asymmietric link failures; i.e.,
channel error conditions detected by the far-end station but not the near-end station. Singe Auto-Negotiation
is specified only for media supporting ¢ight-pin modular connectors, such-as used by 100BASE-TX over
unshielded twisted pair, Auto-Negotiation’s Remote Fault capability is unavailable to other media for which
it may be functionally beneficial, such as- 100BASE-TX over-shielded twisted pair or 100BASE-FX. A
reniote fault capability for 100BASE-FXis particularly useful due to this medium’s applicability over longer
distances (making end-station checking inconvenient) and for backbones (in‘which detection of link failures
can trigger redundant systems):

For these reasons, 100BASE-X provides an optional Far-End Fault facility when Auto-Negotiation cannot be
used. Far-End Fault shall not be implemented for media capable of supporting Auto-Negotiation.

This is am#gchive IEEE Standard. It has been superseded by a later version of this standard.
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When no signal is being teceived, as indicated by the PMD’s signal detect function, the Far-End Fault fea-
ture permits the station to transmit a special Far-End Fault Indication to'its far<end peer. The Far-End Fault
Indication is sent-only when a physical error condition is sensed on the receive channel. In all other situa-
tions, including reception of the Far-End Fault Indication itself, the PMA passes through tx code-bit. (Note
that the Far-End Fault architecture is such that IDLEs are automatically transmitted when the Far-End Fault
Indication is detected. This is necessary to re-establish communication when the link is repaired.)

The Far-End Fault Indication is comprised of three or more repeating cycles, each of 84 ONEs followed by a
single ZERO. This signal is sent in-band and is readily detectable but is constructed so as to not satisty the
100BASE-X carrier sense criterion. It is therefore transparent to the PMA’s client and to stations not imple-
menting Far-End Fault.

As shown in figure 24-4, Far-End Fault is implemented through the Far-End Fault Generate; Far-End Fault
Detect and the Link Monitor processes.

The Far-End Fault Generate process, which is interposed between the incoming tx code-bit stream and the
TX ‘process; is responsible for sensing a receive channel failure (signal_statis=OFF) and transmitting the
Far-End Fault Indication in response: The transmission of the Far-End Fault Indication may start ot stop-at
any time depending only on signal status.

The Far-End Fault Detect process contituously monitors rx code-bits from the RX process for the Far-End
Fault Indication. Detection of the Far-End Fault Indication disables the station by causing the Link Monitor
process to deassert link * status; which in turn causes the station to source IDLEs. Far-End Fault detection can
also be used by management functions not specified in this clause.

24.3.2.2 Comparison to previous 802.3 PMAs

Previous 802.3 PMA’s perform the additional functions of SQE Test and Jabbert, Neither of these functions is
implemented in the 100BASE-X PMA.

SQE Test is provided in-other Physical Layers to check the integrity of the Collision Detection mechanism
independently of the Transmit and Receive capabilities of the Physical Layer. Sinice 100BASE-X effects col-
lision detection by sensing receptions that occur during transmissions; collision detection is dependent on
the health of the receive channel. By checking the ability to properly receive signals from the PMD, the Link
Monitor function therefore functionally subsumes the functions previously implemented by SQE Test.

The Jabber function prevents a DTE from causing total network failure under certain classes of faults. When
using mixing media (e.g., coaxial cables or passive optical. star couplers), this function must naturally be
implemented in the DTE. 100BASE-X requires the use of an active repeater; with one DTE or repeater
attached to each port. As an implementation optimization, the Jabber function has therefore beéen moved to
the repeater in 100BASE-X.

24.3.3 State variables
24.3.3.1 Constants

FEF_CYCLES

The number of consecutive cycles (of FEF_ONES ONEs and a single ZERO) necessary to indicate
the Far-End Fault Indication. This valugis 3.

FEF_ONES

The number of consecutive ONEs to be transmitted for cach cycle of the Far-End Fault Indication:
This value is 84.

This is an Archive IEEE Standard. It has been superseded by a later version of this stangsyd.
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24.3.3.2Variables

catrier_status

The carrier status parameter to be communicated by the Carrier Detect process through the
PMA_CARRIER indicate primitive. Carrier is defined as receipt of 2 noncontiguous ZEROes in
10 code-bits.

Values: ON; carrier is being received
OFF; carrier is-not being received

faulting

The faulting variable set by the Far-End Fault Detect process, when implemented, indicating
whether or not a Far-End Fault Indication is being sensed. This variable is used by the Link
Monitor process to force link status to FAIL. When Far-End Fault is not implemented, this
variable is always FALSE.

Values: . TRUE; Far-End Fault Indication is being sensed
FALSE; Far-End Fault Indication is'not being sensed

link: control

The link- control parameter-as communicated by the PMA = LINK request primitive: When Auto-
Negotiation is not implemented, the value of link coutrol is-always ENABLE. Sce clause 28 fora
complete definition:.

link_ status

The link status parameter as communicated by the Link Monitor ptocess through the
PMA: LINK indicate primitive.

Values:  FAIL; the receive channel is not intact
READY; the receive channel is-intact and teady to be enabled by Auto-Negotiation
OK. the receive channel is intact and enabled for reception

r_bits [9:0]

In Carrier Detect, a vector of the 10 most recently received code-bits from the PMD: RX process:
tbits [0] is the most recently received (newest) code-bit; 1 bits [9] is the least recently received
code-bit (oldest). r bits is'an internal variable used exclusively by the Carrier Detect process.

1x_code-bit

The rx code-bit parameter as delivered by the RX process, which operates in synchronisni with
the PMD - UNITDATA. indicate primitive: rx_code-bit is the most recently received code-bit from
the PMD aftcr conversion from NRZI

rxcrror_status

The rxcrror status parametcr to be communicated by the Carricr Detect process through the
PMA RXERROR indicate primitive.

Values: - NO_ERROR; no error detected in the carrier event being received
ERROR; the carrier event being received is in error

signal _status
The signal status parameter as communicated by the PMD = SIGNAL:.indicate primitive.

Values: -~ ON; the quality and level of the received signal is satisfactory
OFF; the quality and level of the received signal is not satisfactory

tx_code-bit in

In Link Fault Generate; the tx code-bit parameter as conveyed to the PMA from the PMA: client
by the PMA UNITDATA request.

tx_code-bit_out

InLink Fault Generate; the tx code-bit parameter to be passed to the TX process. Note that this is
called tx_ code-bit by the TX process:

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

SHIFTLEFT (rx_bits)
In Carrier Detect, this function shifts rx_bits left one bit placing rx_bits [8] in rx_bits [9]., rx_bits
[7]in X bits [8] and so-on until rx_bits [1] gets rx_bits [0].
24.3.3.4 Timers

stabilize timer

An implementation-dependent delay timer between 330 ps:and 1000 ps, inclusive, to ensure that
the link is stable.

24.3.3.5 Counters

num- cycles

In Link Fault Detect, a counter containing the number of consecutive Far-End Fault cycles
currently sensed. This counter gets reset on intialization or when the bit stream fails to qualify as
apotential Far-End. Fault Indication. It never exceeds FEF -CYCLES.

num - ones

This represents two separate and independent counters: In Link Fault Generate; a counter
containing the number of consecutive ONES already sent during this cycle of the Far-End Fault
Indication. In Link Fault Detect; a counter containing the number of consecutive ONEs currently
sensed: it gets reset whenever a ZERO is detected or when the bit stream fails to: qualify asa
potential Far-End Fault Indication. These counters never exceed FEF ONES.

24.3.3.6 Messages

PMD_UNITDATA indicate (rx. nrzi-bit)

A signal sent by the PMD signifying that the next nrzi-bit is available from the medium. nrzi-bit
is converted (instantancously) to code-bit by the RX process and used by the Carricr Detect
process.

5xPMD_UNITDATA.indicates

In Camer Detect, this shorthand notation represents repetition of the preceding state five tinies
synchromzed with five successive PMD. UNITDATA. indicates.

PMA. UNITDATA request (tx_code-bit)
Acsignal sent by the PMA’s client signifying that the next nrzi-bit is available for transmission. For
this process, the tx. ‘code-bit parameter is interpreted as tx_code-bit “in:
24.3.4 Process specifications and state diagrams

24.341TX

The TX process passes data from the PMA’s client directly to'the PMD. The PMA shall implement the TX
process as follows: Upon receipt of a PMA UNITDATA request (tx_code-bit), the PMA performs.a conver-
sion'to NRZI format and generates a PMD: UNITDATA request (tk_nrzi-bit) primitive with the same logical
value for the tx nrzi-bit parameter. Note that tx code-bit is equivalent to tx code-bit_out of the: Link Fault
Generate process when implemented.

24.34.2 RX

The RX process passes data from the PMD directly to the PMA’s client and to the Carrier Detect process. The
PMA shall implenient the RX process as follows: Upon receipt of a PMD: UNITDATA. indicate (rx. nrzi-bit),

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