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Abstract: [This Local and Metropolitan Area Network standard, ISO/IEC 8802-3 : 1993 [ANSI/IEEE Std
802.3, 1993 Edition], specifies the media aceéss control characteristics for the Carrier Sense Multiile Access

with Collisjon Detection (CSMA/CD) access method. It also specifies the media, Medium Attachment Unit
ovides a
1 Mb/s bas¢band implementation. ‘Specifications for MAU types 10BASES5, 10BASE2, FOIRL (fiber optic in-
ter-repeater link), 10BROAD36;- 1BASES5, and 10BASE-T are included. System considerations for multiseg-
/s baseband networks are provided. Layer and sublayer interface specifications are gligned to
the ISO Open Systems Interconnection Basic Reference Model and 8802 models. The 8802-3 internal model
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International Standard ISO/IEC 8802-3 : 1993

ISO (the International Organization for Standardization) and IEC (the International Elec-
trotechnical Commission) form the specialized system for worldwide standardization.
National bodies that are members of ISO or IEC participate in the development of Interna-
tional Standards through technical committees established by the respective organization to
deal with particular fields of technical activity. ISO and IEC technical committees collaborate
in fields of mutual interest. Other international organizations, governmental and nongovern-
mental, in liaison with ISO and IEC, also take part in the work.

In the field of information technology, ISO and IEC have established a joint technical com-
mittee, ISO/IEC JTC 1. Draft International Standards adopted by the joint technical commit-
tee are c1rcu1ated to national bodles for votmg Pubhcatmn as an Internatlonal Standard

In 1985 IEEE Standard 802 3- 1985 was adopted by ISO Techmcal Commlttee 97, Informa-
tion processing systems, as draft International Standard ISO/DIS 8802-3. Following'the proce-
|dures described above, the Standard was subsequently approved by ISO and published as ISO
8802-3 : 1989, incorporating ISO 8802-3/DAD 1 which had resulted from the adoptionj by ISO
in 1987 of ANSI/IEEE Std 802.3a.
A further revision was subsequently approved by ISO/IEC JTC Lin 1990, incorporating
ISO/IEC 8802-3/Amendments 2 and 5.
A third edition, published in 1992, incorporated ISO/IEC 8802<¢3/Amendments 3 and 4.
This fourth edition cancels and replaces ISO/IEC 8802-3 1992 and incorporates 1SO/IEC
8802-3/Amendment 6, Maintenance Ballot; Amendment 7 Layer management; and Amend-
ment 9, System considerations for multisegment 10 Mb{s baseband networks and Twisted-
pair medium attachment unit (MAU) and baseband medzum, type 10BASE-T. These|amend-
ments were approved in 1992.
For the purpose of assigning organizationally unique identifiers, the Institute of Electrical
and Electronics Engineers, Inc., USA, has been designated by the ISO Council as the Regis-
tration Authority. Communications on this subject should be addressed to

Registration Authority for ISOAEC 8802-3

¢/o The Institute of Electrieal’ and Electronics Engineers, Inc.
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

During the preparation of this International Standard, information was gathered|on pat-
ents upon which ‘application of this standard might depend. Relevant patents were identified
as belonging o' Xerox Corporation. However, ISO and IEC cannot give authoritative|or com-
prehensive information about evidence, validity or scope of patent and like rights. Thel patent-
holder has'stated that licenses will be granted under reasonable terms and conditipns and
commuhications on this subject should be addressed to

Xerox Corporation
P.O. Box 1600
Stamford, CT 06904
USA

180 1EC

International Organization for Standardization/International Electrotechnical Commission
Case postale 56 ® CH-1211 Geneve 20 ® Switzerland
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Foreword to International Standard ISO/IEC 8802-3 : 1993

This standard is part of a family of standards for Local and Metropolitan Area Networks. The relation-
ship between this standard and the other members of the family is shown below. (The numbers in the fig-

ure refer to

This fami
tems Interc

medium access technologies and associated physical media, each appropriate for particular applic

. system obje

The standards defining these technologies are as follows:

(1) ISO/IEC 8802-3 [ANSIIEEE Std 802.3, 1993 Edition], a bus utilizing CSMA/CD as th

met,

(2) ISO/IEC 8802-4 [ANSI/IEEE Std 802.4-1990], a bus utilizing token passing as the access m
(3) ISO/IEC 8802-5 [ANSI/IEEE Std 802.5-1992}, a ring utilizing token passing as the access n

(4) ISO

ISO 8802
medium acc
ISO/IEC ]
architecturg
The readd
The main|
dards. ISO/}
only. The Af

ISO standard numbers.)
8802-2 D
LAYER
8802-3 B80Z4 85025 8800-7 —LINK
LAYER

bnnection Basic Reference Model (ISO 7498 : 1984). The access standards define foun

rtives. Other types are under investigation.

d

802-7, a ring utilizing slotted ring as the access méthod.

2 [ANSI/IEEE Std 802.2-1989], Logical Link Control protocol, is used in conjunction
pss standards. -

0038 [ANSI/IEEE Std 802.1D, 1993 Edition], Media access control (MAC) bridges, spd

r of this document is urged to become familiar with the complete family of standards.
body of this standard serves for both the ISO/IEC 8802-3 and ANSI/IEEE Std 80

pendixes serve as useful reference material to both standards.

ly of standards deals with the Physical and Data Link layers as defined by the.ISO Open Sys-

types of
ations or

e access

ethod,
nethod,

with the

cifies an

and protocol for the interconnection of IEEE 802 LANSs below the MAC service boundiary.

0.3 stan-

EC and IEEE each have unigue foreword sections. The Annex applies to the IEEE standard
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ANSVIEEE Std 802.3, 1993 Edition

IEEE Standards documents are developed within the Technical Committees of the IEEE
Societies and the Standards Coordinating Committees of the IEEE Standards Board. Mem-
bers of the committees serve voluntarily and without compensation. They are not necessarily
members of the Institute. 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
which have expressed an interest 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 view-
point 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
tandard. Every IEEE Standard is subjected to review at Ieast once every five years for revi-
ion or reaffirmation. When a document is more than five years old, and has not(been reaf-
med, it is reasonable to conclude that its contents, although still of some walue, |[do not
holly reflect the present state of the art. Users are cautioned to check to determine that they
ave the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regard-
less of membership affiliation with IEEE. Suggestions for changes in documents should be in
e form of a proposed change of text, together with appropriaté suppérting comments.
Interpretations: Occasionally questions may arise regarding the meaning of portjons of
tandards as they relate to specific applications. When the neéd for interpretations is brought
the attention of IEEE, the Institute will initiate action to-prepare appropriate responses.
ince IEEE Standards represent a consensus of all concerned interests, it is important to
nsure 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
ipstant response to interpretation requests except in those cases where the matter hag previ-
dusly received formal consideration.

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

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017

USA

IEEE Standards documents are adopted by the Institute of Electrical and Electrgnics
Engineers without regard to whether their adoption may involve patents on articles,| ma-
terials, or processes. Such adoptions does not assume any liability to any patent owner, nor
does it assumé any obligation whatever to parties adopting the standards documents
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Foreword to ANSI/IEEE Std 802.3, 1993 Edition

(This Foreword is not.a part of this International Standard or of ANSI/IEEE 802.3, 1993 Edition.)

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
IEEE standard numbers.)

E
g
?
2 . 802.2 LOGICAL LINK
g ¢
'}
5 e ——————— N
2 £ 802.1 BRIDGING DATA
x g LINK
8 g LAYER
<
o % 802.3 802.4 802.5 802.6
= g MEDIUM MEDIUM MEDIUM MEDIUM
o = ACCESS ACCESS ACCESS ACCESS
5 8
w D
@ ]
g 8023 8024 8025 sozs |7 PHYICAL
PHYSICAL | [PHYSICAL | - | PHYSICAL | - | PHYsICAL

* Formerly IEEE Std 802.1A.

This family of standards deals with the Physical and Data Link layers as defined by the International
Organizatidqn for Standardization (ISO) Open Systems Intérconnection Basic Reference Model (ISO
7498 : 1984). The access standards define several types of medium access technologies and associated phys-
ical media, pach appropriate for particular applications or system objectives. Other types are undef investi-

gation. _ ;

The standards defining these technologies are as follows:

o IEEE Std|[802': Overview and Architecture. This standard provides an overview
to the family of IEEE 802 standards. This document fqrms part
of the 802.1 scope of work.

o [EEE Std|802.1B: , LAN/MAN Management. Defines an Open System Int¢rconnec-
tion (OSI) management-compatible architecture, and| services
and protocol elements for use in a LAN/MAN environment for

‘ performing remote management.

ISO/IEC 1p038 : 1993 ,
[ANSV/IEER Std 802.1D] MAC Bridging. Specifies an architecture and protocol fpr the in-
terconnection of IEEE 802 LANs below the MAQ service
boundary.

o [EEE Std|802/1E: System Load Protocol. Specifies a set of services and prptocol for
those aspects of management concerned with the loading of sys-
tems on IEEE 802 LANSs.

¢ ISO 8802-2 [ANSIVIEEE Std 802.2]: Logical Link Control

* ISO/IEC 8802-3v[AN SIVIEEE Std 802.3]: CSMA/CD Access Method and Physical Layer Specifications

"The 802 Architecture and Overview Specification, originally known as IEEE Std 802.1A, has been renumbered as IEEE Std 802, This
has been done to accommodate recognition of the base standard in a family of standards. References to IEEE Std 802.1A should be
considered as references to IEEE Std 802,
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* ISO/IEC 8802-4 [ANSIIEEE Std 802.4]): Token Bus Access Method and Physical Layer Specifications

* ISO/IEC 8802-5 [ANSIIEEE Std 802.5]: Token Ring Access Method and Physical Layer Specifications

¢ JEEE Std 802.6: Metropolitan Area Network Access Method and Physical Layer
: Specifications ,
¢ IEEE Std 802.10: Interoperable Local Area Network Security, Currently Contains

Secure Data Exchange (SDE) o

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

e IEEE Std 802.7: IEEE Recommended Practice for Broadband Local Area
‘Networks

The reader of this document is urged to become familiar with the complete family of stanflards.

Conformance Test Methodology

Angther standards series, identified by the number 1802, has been established to identify the conform-
ance test methodology documents for the 802 family of standards. This'makes the corresporidence between
rious 802 standards and their applicable conformance test requirements readily appgrent. Thus the
conformance test documents for 802.3 are numbered 1802.3, the conformance test documents for 802.5 will

ISO/IEC 8802-3 : 1993 (ANSI/IEEE Std 802.3, 1993 Edition)

This edition of the standard defines 10 Mb/s baseband and broadband implementationg and a 1 Mb/s
baseband implementation of the Physical Layer using the CSMA/CD access method. It is a ticipated that
futur¢ editions of the standard may providé additional implementations of the physical 1 yer to support
differ¢nt needs (for example, media, and data rates).

Thip standard contains state-of-the-art material. The area covered by this standard is un ergoing evolu-
tion. Revisions are anticipated to.this standard within the next few years to clarify existing material, to
corredt possible errors, and to incorporate new related material. '

Readers wishing to know the state of revisions should contact

ecretary

EE StandardsBoard

stitute of Electrical and Electronics Engineers, Inc

O Box 1331,445 Hoes Lane :
iscataway, NJ 08855-1331

WSA

The| IEEE 802.3 Working Group acknowledges and appreciates that many concepts embodied in this
standard are based largely upon the CSMA/CD access method earlier described in The Ethernet specifica-
tion as written jointly by individuals from Xerox Corporation, Digital Equipment Corporation, and Intel
Corporation. Appreciation is also expressed to Robert M. Metcalfe and David R. Boggs for their pioneering
work in establishing the original concepts.
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Participants

When the IEEE 802.3 Working Group approved the original standard (ANSI/IEEE Std 802.3-1985) in
1983, it had the following membership:

Donald C. Loughry, Chair
Phil L. Arst Donald E. Kotas Robert S. Printis
Robert F. Bridge William P. Lidinsky Gary S. Robinson
Charles Brill Laurie Lindsey Robert Rosenthal
G. J. Clancy William D. Livingston Gary Stephens
John Davidson Andy Luque Daniel P. Stokesberry
Ralph DeMent Daniel Maltbie . Ken. F. Sumner
Hank (H. N.) Dorris Jerry McDowell Daniel Sze
Judit] trin C, Kenneth Miller Victor J. Tarassov
Richand Fabbri Robert L. Morrell P. E. Wainwright
Ingrid|Fromm Wendell Nakamine Lyle Weiman
Miltony C. Harper W. P. Neblett Hugh E. White
Bryan|Hoover James Nelson Choa-Ping Wu
George D. Jelatis Thomas L. Phinney Nick Zades
Harold W. Katz David Potter Mo R) Zonoun

‘ Additiond] individuals who contributed actively in the development of the origifial standard (ANSIVIEEE
Std 802.3-1985) throughout its elaboration were

Juan Bulnes Dean Lindsay Mark Townsend

Ron Crane Then. T. Liu Roger Van Brunt

Dane Elliot Robert Moles Bo Vicklund

Alan Hlatman Tony Lauck Chris Wargo

MarisFE'raube . Joseph St. Amand Richard Williams

Guy Hprkins Richard Seifert Ron Yara
Nathan Tobol

The ECMA TC24 Committee on Communication Protocols also provided helpful input in the development
of this standard. '

When the IEEE 802.3 Working Group approved ANSI/IEEE Std 802.3a-1988 (Section 10) in November
1984, it had| the following membership: :

Donald C. Loughry, Chair

Alan Flatman, Chair, Type 10BASEZ2 Task Force
Menachem Abraham Guy Harkins Joseph Rickert
R. V. Balakrishnan Greg Hopkins Gary Robinson
Williagn Belknap Joe Kennedy Robert Rosenthal
Charles Brill Hiroshi Kobayashi Joseph St. Amand
Juan iﬂnes Tony Lauck Walter Schreuer
Stephen Cooper William Livingston Stephen Soto
Ronald Crane Hugh Logan Gary Spencer
John Davidson Leland Long Robert Summers
Mark Devon Andy Luque " Pat Thaler
Phil Egholm Daniel Maltbie Geoff Thompson
Gregony Ennis Steven Moustakas Wendell Turner
Judy Hstrin Wendell Nakamine David White
Richard Fransen Lloyd Oliver Lawrence White
Ingrid Fromm Aidan Paul Rich Williams
Robert Galin David Potter Ronald Yara
Rich Graham Eugene Reilly Mo Zonoun
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Theffollowing persons were on the balloting committee that approved ANSI/IEEE Std 802.3-1985 for sub-

mission to the IEEE Standards Board:

W. Adams R. Harrington C. Ostereicher
R. Appleby H. Heilborn M.Papa =
G. Arnold L. Heselton S. Peter

Y. Baeg D. Hislop D. Phuoc

E. Beauregard C. Hobbs T. Phinney
J. Becker S. Hollander G. Power

E. Bergaimini P. Hutton A. Reddi
Boorstyn P. Induiago M. Repko

A. Carrato T. Ishida F. Restivo

G. Carson J. Jelemenshy L. Rich

S. Chakradarti 0. Kahn D. Rine

S. Chandra S. Kak R. Rosenthal
F. Chang K. Katzeff P. Ruosadri
C. Chao C. Kessler S:

C. Chen D. Kirschen B. Sashi

P. Chen R. Kolm A. Sauer

K. Chon T. Kuki N. Schneidewingl
R. Chow R. Kunkel 0. Serlin

G. Clinque W. Lai D. Shepard
I. Jotton V. Lasker D. Sloyer

D. Cox N. Lau H. Solomon
R. DeJardins R. Laughlin G. Stephens
D. Dickel F. Lim C. Stillebroer
C. Eldridge T. Liu K. Sumner
P. Enslow J. Loo E. Sykas

J. Fendirch K. Loughner A, Tantawi
M. Figuerea D. Loughry D. Tether

D. Fisher T. Louhenkillbi J. Tourret

J. Fletcher D. Manchester K. Tu
W.[Franta M. Marco D. Umbaugh
R. Gagliano D. Matters dJ. Vorhies

D. (Gan D. McInode A. Weissberger
M. [Graube D. Michels W. Wenker
M. |Greene L. Moraes T. Wicklund
R. Gustin D. Morriss T. Wolf

K. Harbaugh J. Murayama F. Wolff

G. Harkins R. Nelson R. Youg

D. Ofsevit
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Standards

The following persons were on the balloting committee that approved ANSVIEEE Std 802.3a-1988
(Section 10) for submission to the IEEE Standards Board:

Marshall Abrams Keith W. Harbaugh Marco Meli
John Adams S. M. Harris David S. Millman
William B. Adams J. Scott Haugdahl Aditya N. Mishra
S. R. Ahuja Sharon Healy Richard J. Moff
Kit Athul C. W. Hobbs David E. Morgan
William Ayen Jim P, Hong Mike Morganti
Yong-Myung Baeg Paul L. Hutton Kinji Mori
Wesley A. Ballenger, Jr. Richard ILiff D.J. Morris
Edwardo W. Bergamini George D, Jelatis H. T. Mouftah
Henk F. Boley Guy Juanole Dale A. Murray
Betty Brannick Siegel L. Junker Ruth Nelson
George S. Carson Karl H. Kellermayr J. Duane Northcutt
PoC Mladen Kezunovic Chaxles-Ostereicher
L. ngll;eung Samuel Kho David Ofsevit
Kilngm Chon David Kollm Young Oh
T. Ri¢tky Chow Sastri L. Kota George Parowski
David Cohen Hirayr M. Kudyan Thomas L. Phinngy
Allen|F. Conrad Takahiko Kuki Nikitas Pimopoulps
Ira W. Cotton Lee LaBarre David Potter
Robert S. Crowder Wai-Sum Lai John Potveek
Mich¢l Diaz Valerie Lasker Gary S. Robinson
Mitchell G. Duncan Lanse M, Leach Marya Repko
Edward Y. S. Lee Robert Rosenthal

Philip H. Enslow, Jr.
Judith Estrin

‘John W. Fendrich
Harvey A. Freeman
Patri¢k Gonia
Ambuyj Goyal
Michael D. Graebner
Marig Graube
Nobuhiro Hamada
Joseph L. Hammond

Stephen E. Levin
F.C. Lim

Don C. Loughry
dJoseph F. P. Luhukay
Wo-Shun Luk

Marco Marsan
Joseph Massi

Darrell B. McIndoe
Patrick S. McIntosh

Gian Paolo Rossi
David J. Rypka
S. I. Samoylenko
Norman F. Schneidewind
Oscar Sepulveda
Omri Serlin

D. Sheppard

R. M. Simmons
David W. Sloyer

When thg IEEE Standards Board approved ANSI/IEEE Std 802.3-1988 on June 9, 1988, and ANSI/IEEE

Std 802.3a

Donald|C. Fleckenstein, Chair

Arthyr A. Blaisdell
Fletcher J. Buckley
Jameg M. Daly
Stephien R. Dillon
Eugene P. Fogarty

Jay Fprster*

Thomias L. Hannan
Kenn¢th D, Hendrix
Theodore W. Hissey; Jr:

*Member emeritus

1988 (Section 10) on October 20, 1988, it-had the following membership:

Andrew G. Salem, Secretary

John W. Horch

Jack M. Kinn

Frank D. Kirschner
Frank C. Kitzantides
Joseph L. Koepfinger*
Irving Kolodny
Edward Lohse

John E, May, Jr.
Lawrence V. McCall

Marco Migliaro,Vice Chair

L. Bruce McClung
Donald T. Michae]
Richard E. Mosher
L. John Rankine
Gary S. Robinson
Frank L. Rose
Helen M. Wood
Karl H. Zaininger
Donald W. Zipse

*

ANSVIEEE Std 802.3-1988 and ANSI/IEEE Std 802.3a-1988 were approved by the American| National

[nstitute on January 12 1989
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When the IEEE 802.3 Working Group approved ANSI/IEEE Std 802.3¢-1985 (9.1-9.8) in July 1985, it had
the following membership:

Donald C. Loughry, Chair

Geoffrey O. Thompson, Chair, Repeater Task Force
Menachem Abraham Hacene Hariti Aidan Paul
Keith Albright Guy Harkins David Potter
R. V. Balakrishnan Fred Huang " Eric Rawson
William Belknap Stephen Janshego Joseph Rickert
Richard Bennett Donald Johnson Gary Robinson
Charles Brill Kwi-Yung Jung Timothy Rock
Juan Bulnes Paul Kellam David Roos
Stephen Cooper Joe Kennedy Robert Rosenthal
Paul Eastman Hiroshi Kobayashi Joseph St. Amand
Phil BEdholm Lee LaBarre ‘Walter Schfeupr
Gtegory Ennis Tony Lauck Semir Sirazi
Alan Flatman John Laynor David Smith
Richard Fransen William Livingston Stephen Soto
Irgrid Fromm Terry Lockyer Robett Summers
Robert Galin James Lucas Pat Thaler ]
Sharad Gandhi . Andy Luque Wendell Turngr
Rich Graham Daniel Maltbie Marc Warshaw
Richard Gumpertz Steven Moustakas Ronald Yara
Lloyd Oliver
The fallowing persons were on the balloting committee that approved ANSI/IEEE Std 802.3¢-1985 (9.1-
9.8) foxl'\lubmission to the IEEE Standards Board:
rshall Abrams Richard Tliff John Potveek

Jghn Adams George D. Jelatis Gary S. Robindon
William B. Adams E.D. Jensen Marya Repko
S.|R. Ahuja Guy Juanole Robert Rosenthal
P|D. Amer Karl H. Kellermayr Gian Paolo Rogsi
Kit Athul Mladen Kozunovic David J. Rypks
William Ayen " Samuel Kho S. 1. Samoylenko
Yong-Myung Baeg David Kollm Norman F. Schneidewind
Wesley A. Ballenger, Jr. Sastri L. Kota Oscar Sepulvedla
Edwardo W. Bergamini Hirayr M. Kudyan Omri Serlin
H| F. Boley Takahiko Kuki D. Sheppard
Paul W, Campbell, Jr. Lee LaBarre R. M. Simmong
George S. Carson Wai-Sum Lai L. Sintonen
Po Chen Lanse M. Leach David W, Sloyer
L]Y. Cheung Stephen E. Levin Stephen Soto
Kjlnam Chon F. C. Lim Fred Strauss
T Ricky Chow William Livingston Bart W. Stuck
W. F. Chow Don C. Loughry Tatsuya Suda
David Cohen Joseph F. P. Luhukay Efstathios D. §ykas
Allen F. Conrad Meli Marco Daniel T. W, Sge
Robert S. Crowder Marco Marsan Ahmed N. Tanftaui

ichel Diaz Joseph Massi Mario Tokoro

Philip H. Enslow;Jr. Darrell B. McIndoe H. C. Torng
Judith Estrin ‘Patrick S. McIntosh Donald F. Towgley
Jghn W. Fendrich David S. Millman Wei-Tek Tsai
Hprvey A-Freeman Aditya N, Mishra M. Tsuchiya |

R| J. Gagliano David E. Morgan Richard Tung
Patrick Gonia Mike Morganti Stanko Turk
Ambuj Goyal Kinji Mori 1. David Umbaugh
Michael D. Graebner D. J. Morris James Vorhies
Maris Graube H. T. Mouftah Pearl S. C. Wang
Nobushiro Hamada Dale A. Murray Don Weir

Joseph L. Hammond Ruth Nelson Alan J. Weissberger
S. M. Harris: J. Duane Northcutt William J. Wenker
J. Scott Haugdahl Charles Oestereicher Earl J. Whitaker
C. W. Hobbs Young Oh Michael Willett
Jim P. Hong George Parowski Tsong-Ho Wu

Paul L. Hutton Thomas L. Phinney Oren Yuen

David Potter
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When the IEEE Standards Board approved ANSI/IEEE Std 802.3¢-1985 (9.1-9.8) on December 12, 1985,

it had the following membership:

John E. May, Chair

James H. Beall
Fletcher J. Buckley
Rene Castenschiold
Edward Chelotti
Edward J. Cohen

Paul G. Cummings
Donald C. Fleckenstein

*Member emeritus

ANSI/I]i)EE Std 802.3¢c-1985 was approved

1986.

Sava L. Sherr, Secretary

Jay Forster

Daniel L. Goldberg
Kenneth D. Hendrix
Irvin N. Howell

Jack Kinn

Joseph L. Koepfinger*
Irving Kolodny

R. F. Lawrence

John P. Riganati, Vice Chair

Lawrence V. McCall
Donald T. Michael*
Frank L. Rose
Clifford O. Swanson
J. Richard Weger
W. B. Wilkens
Charles J. Wylie

by the American National Standards Institute J)n June 4,

When the IEEE 802.3 Working Group approved ANSVIEEE Std 802.3d-1987 (9.9), it’had the¢ following
membership:

The IEC
developme;

Menachem Abraham
Keith Albright
Keith Amundsen
JeantPierre Astorg
R. V|Balakrishnan
Richard Bennett
Charfles Brill

Juan Bulnes

Robejrt Campbell
Luig] Canavese
Albert Claessen
Petex Dawe

Petex Desaulniers
Raymond Duley

Jeff Ebeling

Gianfranco Enrico

Alan|Flatman

Rich4ard Fransen
Ingrid Fromm
Robert Galin
Marl Gerhold

Adi Golbert

Rich Graham
Rich Gumpertz
Hacenhe Hariti

Donald C. Loughry, Chair
Steven Moustakas, Chair, Task Force

Lloyd Hasley
Hawming Haung
Charles Hoffner
Michael Hughes
Donald Johnson
Mze Johnson
Kwi-Yung Jung
Matt Kaltenbach
Paul Kellam
Scott Kesler
Hiroshi Kobayashi
Hidetsune Kurokawa
Lee LaBarre
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Wayne Lindquist
Terry Lockyer
Don Loughry
James Lucas
Andy Luque
Lloyd Oliver
Aidan Paul

Roy Pierce

Eric Rawson
Joseph Rickert
Gary Robinson
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David Smith
Robert Summers
Pat Thaler
Geoff Thompson
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Michael Lee
Luciano Marchitt:
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TC83 Committee on Information Technology Equipment also provided very helpful input to the
ht of the FOIRL Standard (9.9).
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The following persons were on the balloting committee that approved ANSI/IEEE Std 802.3d-1987 (9.9)
for submission to the IEEE Standards Board:

William B. Adams

S. R. Ahuja

Kit Athul

William Ayen
Eduarde W. Bergamini
Paul W, Campbell, Jr.
George S. Carson

Po Chen

L. Y. Cheung

Kilnam Chon

W. F. Chow

Michael Coden

A d

M. Kezunovic
Samuel Kno

S. E. Kille
David Kollm
Takahiko Kuki
Lee LaBarre
Wai-Sum Lai
Lanse M. Leach
Edward Y. Lee
R. C. Lightburn
F. C.Lim
William D. Livingston
Don C. Loughry

Gary S. Robinson
Robert Rosenthal
Gian Paolo Rossi
David J. Rypka

S. 1. Samaylenko

Norman F. Schneidewind

Omri Serlin

D. Sheppard

Ron Simmons

J. B. Sinclair

L. Sintonen

Tom Stack

Carel M, Stillebroer

R.o ert S. Crowder
Mi¢hel Diaz
N. I. Dimopoulos

yal

J. $cott Haugdahl
C. W. Hobbs

Paul Hutton
Richard I1Lif

E. D. Jenson

Guy Juanole .

Karl H. Kellermayr

Joseph F. P. Luhukay
Wo-Shun Luk

Marco Ajmone Marsan
Joseph Massi

Marco Meli

Darrel B. McIndoe

P. S. McIntosh
David S. Millman
Aditya N. Mishra
David E. Morgan
Mike Morganti
Kanji Mori

David Morris

H. H. T. Mouftah
Dale N. Murray

R. R. Nelson

J. D. Northeut
Charles Oestereicher
Young Oh

George Parowski
Thomas L{Phinney
J. M. Potucek

Marya Repko

Fred Strauss
Tatsuya Suda
P. Sugar
Efstathiog'D. Sykas
Daniel T. W. Sz¢
Ahmeéd N. Tantawi
H.\C. Torng
D. F. Towsley
Wei-Tek Tsai
Stanko Turk
L. David Umbauygh
dJ. T. Vorhies l:L
Pearl S. C. Wai
Don Weir
Alan J. Weissburger
W. J. Wenker
Earl J. Whitaker
Bryan Whittle
Michael Willett
David C. Wood
Tsong-Hu Wu
Oren Yuen

 When the IEEE Standards Board approved-ANSI/IEEE Std 802.3d-1987 (9.9) on December (12, 1985, it
had the fpllowing membership:

Donald C. Fleckenstein, Chair Mareco Migliaro,Vicd Chair

Andrew G. Salem, Secretary

Jaipes H. Beall Leslie R. Kerr Donald T, Michgel*
Dennis Bodson Jack Kinn L. John Ranking
Malrshall L. Cain Irving Kolodny John P. Riganati
James M., Daly Joseph L. Koepfinger* Gary S. Robins:
Stephen R. Dillon Edward Lohse Frank L. Rose

Eugene P. Fogarty John May Robert E. Rountree

Jayf Forster Lawrence V. McCall William R: TacKaberry
Kenneth D, Hendrix L. Bruce McClung William B. Wilkens

Irvin N. Howell Helen M. Wood

*Membel emeritus

ANSI/IEEE Std 802.3d-1987 was approved by the American National Standards Institute on February 9,
1989.
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When the IEEE 802.3 Working Group approved ANSVIEEE Std 802.3b-1985 (Section 11), it had the

following membership:
Donald C. Loughry, Chair
Menachem Abraham, Chair, Type 10BROAD36 Task Force
Keith Albright Fred Huang Aidan Paul
R. V. Balakrishnan Stephen Janshego David Potter
William Belknap Donald Johnson " Eric Rawson
Richard Bennett Kwi-Yung Jung Eugene Reilly
Charles Brill Paul Kellam Joseph Rickert
Juan Bulnes Joe Kennedy Anthony Rizzolo
Stephen Cooper Hiroshi Kobayashi Gary Robingon
Ronald Crane Lee LaBarre Timothy Rock
John Davidson Ed Lare David Roos
Mark Devon Tony Lauck Robert Rosenthal
Paull Eastman John Laynor Joseph St. Amand
Phil [Edholm William Livingston Walter Schreuer
Gregory Ennis Terry Lockyer Semir Sirazi
Judy Estrin Hugh Logan David Smith
Alan|Flatman Leland Long Steplien Soto
Richprd Fransen James Lucas Gary-Spencer
Ingrid Fromm Andy Luque Robert Summers
Robert Galin Daniel Maltbie Pat Thaler
Shanad Gandhi Joseph Mazor Geoff Thompson
Rich(Graham Steven Moustakas Nathan Tobol
Richard Gumpertz Narayan Murthy Wendell Turner
Hacgne Hariti Wendell Nakamine Marc Warshaw
Guyllarkins Lloyd Oliver David White
Gregory Hopkins Mo Zonoun

The folloWing persons were on the balloting committee that ‘approved ANSI/IEEE Std 8(2.3b-1985
(Section 11) for submission to the IEEE Standards Board:

John| Adams
William B. Adams
S. R.|Ahuja

Kit Athul

Will{m Ayen

Mar;Ilall Abrams

Yong-Myung Baeg
Wesley A. Ballenger, Jr.
Edwardo W. Bergamini
Henk F. Boley

George S. Carson

Po Chen

L. Y.|Cheung

Kilnam Chon

T. Ricky Chow

Davifl Cohen

Alleg F. Conrad

Ira W. Cotton

8. Crowder

1 Diaz

E. Douglas Jensen
Guy Juanole

Siegel L, Junker
Karl H, Kellermayr
Mladen Kezunovic
Samuel Kho

David Kollm
Sastri L. Kota
Hirayr M. Kudyan
Takahiko Kuki
Lee LaBarre
Wai-Sum Lai
Valerie Lasker
Lanse M., Leach
Edward Y.'S. Lee
Stephen E, Levin
F. C. Lim

Donald C. Loughry
Joseph F, P. Luhukay
Wo-Shun Luk
Marco Marsan
Joseph Massi

George Parowski
Thomas L. Phinngy
Nikitas Pimopoulos
David Potter
John Potvcek
Gary S. Robinson)|
Marya Repko
Robert Rosenthall
Gian Paolo Rossi
David J. Rypka
S. 1. Samoylenko
Norman F. Schnefidewind
Oscar Sepulveda | -
Omri Serlin

D. Sheppard

R. M. Simmons
David W. Sloyer
Stephen Soto
Tom Stack
Carel M, Stillebrger
Fred Strauss
Bart W. Stuck

Judith Estrin Darrell B. McIndoe Tatsuya Suda
John|W{ Fendrich Patrick S. McIntosh Peter Sugar
- Harvey*A? Freeman Marco Meli Efstathios D. Sykns
Patrick Gonia David S. Millman Daniel T. W. Sze
Ambuj Goyal Aditya N. Mishra Ahmed N. Tantaui

Michael D. Graebner
Maris Graube
Nobuhiro Hamada
Joseph L. Hammond
Keith W, Harbaugh
S. M. Harris

J. Scott Haugdahl
Sharon Healy

C. W. Hobbs

Jim P. Hong

Paul L. Hutton
Richard Iliff

George D. Jelatis

Richard J. Moff
David E. Morgan
Mike Morganti
Kinji Mori

D. J. Morris

H. T. Mouftah

Dale A. Murray
Ruth Nelson

J. Duane Northcutt
Charles Oestereicher
David Ofsevit
Young Oh

Mario Tokoro

H. C. Torng
Donald F. Towsley
Wei-Tek Tsai

M. Tsuchiya
Richard Tung
Stanko Turk

L. David Umbaugh
James Vorhies
Pearl 8. C. Wang
Don Weir

Alan J. Weissberger
William J. Wenker
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Earl J. Whitaker . Michael Willett : George R. Wood
Bryan S. Whittle . Donald Wittman Tsong-Ho Wu

When the IEEE Standards Board approved ANSIVIEEE Std 802.3b-1985 (Section 11) on September 19,
1985, it had the following membership:

John E. May, Chair John P. Riganati,Vice Chair
Sava L. Sherr, Secretary

James H. Beall ) Jay Forster Lawrence V. McCall
Fletcher J. Buckley Daniel L. Goldberg Donald T. Michael*
Rene Castenschiold Kenneth D. Hendrix Frank L. Rose
Edward Chelotti Irvin N. Howell Clifford 0. Swanson
Edward J. Cohen Jack Kinn J. Richard Weger
Paut G, Cummings Joseph L. Koepfinger* W. B. Wilkens
Donjald €. Fleckenstein Trving Kolodny Chartes J-Wylie

R. F. Lawrence

*Member|emeritus

ANSIIEEE Std 802.3b-1985 was approved by the American National Standards Institute on February
28, 1986.

When the IEEE 802.3 Working Group approved ANSIIEEE Std 802.3e-1987 (Section 12) in November
1986, it hpad the following membership: -

Donald C. Loughry, Chair
Robert Galin, Chair, Type 1BASE5 Task Force

Memnachem Abraham Rich Graham Lloyd Oliver
Keith Albright Richard Gumpertz Roy Pierce
Keith Amundsen Hacene Hariti Bill Poston
Jeaph-Pierre Astorg Lloyd Hasley. Eric Rawson

R. V. Balakrishnan Haw Ming Haung Joseph Rickert
Ian|Barker Charles Hoffner Gary Robinson
Ch4rles Brill Michael'Hughes Timothy Rock
Juan Bulnes Donald Johnson David Roos
Rolert Campbell Mize Johnson Ed Sakaguchi
Luiki Canavese Kwi-Yung Jung ‘Walter Schreuey
Albprt Claessen Matt Kaltenbach Semir Sirazi
Midhael Coden Paul Kellam David Smith

Bill Cronin Scott Kesler Robert Summer$
Petpr Dawe Hiroshi Kobayashi Peter Tarrant
Petpr Desaulniers Hidetsune Kurokawa Mark Taylor
Raymond Duley Michael Lee Pat Thaler

Jeff Ebeling Lee LaBarre Geoff Thompson]
Gignfranco Enrico Terry Lockyer Nathan Tobol
Alan Flatman James Lucas Carlos Tomaszewsk1
Richard Fransen Andy Luque -Jayshree Ullal
Mark Gerhold Luciano Marchitto Joseph Wiencko
Adj Golbert Steven Moustakas Bruce Williams
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Marshall D. Abrams
William B. Adams
S. R. Ahuja

P.D. Amer

Kit Athul

William Ayen

Richard Iliff
E. D. Jenson

- 'Guy Juanole

S. L. Junker
Karl H. Kellermayr
M. Kezunovic

The following persons were on the balloting committee that approved ANSI/IEEE Std 802.3e-1987
(Section 12) for submission to the IEEE Standards Board:

J. M. Potucek
Marya Repko
Gary S. Robinson
Robert Rosenthal
Gian Paolo Rossi
David J. Rypka

Eduardo W. Bergamini Samuel Kho S. I. Samaylenko
H. F. Boley S.E. Kille | Norman F. Schneidewind
Paul W. Campbell, Jr. David Kollm Omri Serlin
George S. Carson Takahiko Kuki D. Sheppard
Po Chen Lee LaBarre Ron Simmons
L. Y. Cheung Wai-Sum Lai dJ. B. Sinclair
Kilnam Chon Tanse M. Leach LSintonen
W. F|. Chow Edward Y. Lee Stephen H. Soto
MicHael Coden S.E. Levin Tom Stack
A.F]Conrad R. C. Lightburn Carel M.’ Stillebroer
Ira Cotton F.C.Lim Fred Strauss
D. E[ Crotty William D. Livingston Bart W. Stuck
Robdrt S. Crowder Don C. Loughry Tatsuya Suada
MicHel Diaz Joseph F. P. Luhukay PB. Sugar
N. I.|Dimopoulos Wo-Shun Luk Efstathios D. SyKas
M. G. Duncan Marco Ajmoné Marsan Daniel T. W. Sze
P. M| Elliot Joseph Massi Ahmed N. Tantayi
Philip H. Enslow, Jr. Marco Meli H. C. Torng
Judith Estrin Darrel B. McIndoe D. F. Towsley
John| W. Fendrich P. S. McIntosh Wei-Tek Tsai
G. A] Foggiato David S. Millman Masahiro Tsuchiya
Harvey A. Freeman Aditya N. Mishra Stanko Turk
Robert J. Gagliano David E. Morgan L. David Umbaugh
T. F.|{Gannon III Mike Morganti dJ. T. Vorhies
Patrick S. Gonia Kanji Mori Pear] S. C. Wang
R. L{Gordon David Morris " Don Weir
A. Goyal H. H. T. Mouftah Alan J. Weissburger
M. D Graebner Dale N."Murray W. J. Wenker
Maris Graube R. R.\Nelson Earl J. Whitaker
Joseph L. Hammond J D Northcut Bryan Whittle
Stephen Harris Charles Oestereicher Michael Willett
J. Scptt Haugdahl Young Oh David C. Wood
C. W] Hobbs George Parowski Tsong-Hu Wu
Paul|Hutton Thomas L. Phinney Oren Yuen

David Potter

When the IEEE Standards Board approved ANSI/IEEE Std 802.3e-1987 (Section 12) on June 11, 1987, it
had the following membership:

Donald C. Fleckenstein, Chair Marco W. Migliaro,Vice Chair

Andrew G. Salem, Secretary
Jamés H. Beall ‘ Leslie R. Kerr L. John Rankine
Dennis Bodson ‘ Jack Kinn ‘ John P. Riganati
Mardhall L. Cain Twing Wn]nﬂny . ﬂary S. Robinson
James M. Daly i Joseph L. Koepfinger* ' Frank L. Rose
Stephen R. Dillon Edward Lohse Robert E. Rountree
Eugene P. Fogarty John May Sava I. Sherr*
Jay Forster Lawrence V. McCall William R. Tackaberry
Kenneth D. Hendrix L. Bruce McClung William B. Wilkens
Irvin N, Howell - Donald T. Michael* Helen M. Wood

*Member emeritus

ANSI/IEEE Std 802.3e-1987 was approved by the Américan National Standards Institute on December
15, 1987.
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When the IEEE 802.3 Working Group approved AN SI/IEEE Std 802.3h-1990 (Section 5), it had the fol-

lowing membership:
Donald C. Loughry, Chair
Andy J. Luque, Chair, Layer Management Task Force
Menachem Abraham W. B. Hatfield Keith Onodera
John R. Agee Stephen Haughey Tony Peatfield
Richard Anderson Carl G. Hayssen - Peter Rautenberg
Ekkehard Antz Ariel Hendel Bill Reysen
" Keith Amundsen Chip Hicks Gary Robinson
Susie Armstrong William Hingston Steven Robinson
R. V. Balakrishnan Charles Hoffner Moni Samaan
Mark Bohrer Ernie Jensen Fred Sammartino
Richard Brand Clarence Joh Stan Sassower_
Thpmas Butler Dieter W. Junkers F. Sarles ]
Luga Cafiero Donald C. Johnson Ronald Schmid
Ropert R. Campbell Mize Johnson Tom Schmiit
Lujgi Canavese Scott Kesler Frederick Scholl
Jadques Christ Bob Kilgore Rod Shani
Mighael Coden Yongbum Kim Sentir Sirazi
Ropert Conte Bill Kind Joseph Skorupg
Bill Cronin John Kincaid David A, Smith
Peter Cross Tadayoshi Kitayama Bob Smith
John DeCramer Paul Kopera Steve Smith
Iax Crayford David Kung Robert Snyder
Nabpil Damouny Michael Lee Graham Starkihs
Sanjay Dhawan Richard Lena David E. Stein
Raymond S, Duley Yoseph Linde Peter Tarrant
Papl Eastman Wayne Lindquist Mark Taylor
Ridhard Ely T. D. Lockyer Patricia Thaler|
Gignframco Enrico James A, Lucas Douglas Thompson
Nofman Erbacher Ian Lyon Geoffrey O. Thgmpson
Stgve Evitts Kenneth MacLéod. Nathan Tobol '
Algn V. Flatman Luciano Marchitto Carlos Tomaszewski
Ingrid Fromm Charles Marsh Herbert Uhl ‘
Gable Bob Matthys Steven Ulrich
ob Galin Steven-Moustakas John Visser
Mdrk Gerhold Narayan Murthy William Wager
Ridh Graham Darcy Nelson Joseph A, Wientko, Jr.
Anflreas Gulle Bob Norton Bruce Williams
Ridhard Gumpertz Mike O’Connor Richard Willianps
Cliye Hallatt Chris Oliver Roger Wilmarth
Ke‘Ein Hamilton Lloyd Oliver- Mike Wincn
Benny Hanigal Kazuyuki Ozawa Mark Wingrove|
Llayd Hasley Nobushige Yokgqta
The following persons weré on the balloting committee that approved AN SI/IEEE Std 802.3h-1990 for
submissipn to the IEEE Standards Board:
William Adams Maris Graube Darrell B. McIndoe
Kif] Athul Joseph L. Hammond Richard H. Millpr
William E., Ayen Stephen Harris David S. Millmgn
Ali[Bahrololoomi J. Scott Haugdahl Adirya Mishra
Geprge 8. Carson C.W.L: Hobbs John E. Montague
Chih-Tsai'M. Chen Chris Hsieh M. A. F. Morganti
Mi¢hael'H. Coden Richard J. Iliff Kinji Mori ‘
R. A Conser Raj Jain D J.Morris
R. S. Crowder M. Kezunovic M. T. Mouftah
Andrew Davidson Samuel Kho Arne A. Nilsson

Luis F. M. De Moraes
N. I. Dimopoulos
Mitchell Duncan

Tom Kurihara
Lee Labarre .
Anthony B. Lake

Charles Oestereicher

Young Oh

Thomas L. Phinney

John E. Emrich’ Mike Lawler Rafat Pirzada
John W. Fendrich Jaiyong Lee Udo Pooch
Harold C. Folts F.C. Lim Robert S. Printis
Harvey Freeman : Randolph S. Little Marya S. Repko
Ingrid Fromm William Livingston’ John P. Riganati
D. G. Gan : Joseph Loo Gary S, Robinson

N. F. Schneidewind -
Manfred H. Seifert
D. A. Sheppard

Patrick Gonia
Julio Gonzalez Sanz
Michael Graebner

Donald C. Loughry
Andy J. Luque
Kelly C. McDonald
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When the IEEE Standards Board approved ANSI/IEEE Std 802.3h-1990 on September 28, 1990, it had
the following membership: '

Marco W. Migliaro, Chairman

Glen Sherwood

R. M. Simmons
Leo Sintonen
Harry P. Solomon
Robert K. Southard
John Spragins

C. M. Stillebroer

Dennis Bodson

Frank J. Strauss
E.D. Sykas

A. N, Tantawi
Nathan Tobol
Twi-Tek Tsai
David L. Umbaugh
T. A. Varetoni

Kenneth D. Hendrix

James Vorhies
Don Weir

A. P, Wheeler
Earl J, Whitaker
D. C. Wood
George B. Wright
Oren Yuen

James M. Daly, Vice Chairman
Andrew G. Salem, Secretary

Lawrence V. McCall

Paul L[ Borrill
Fletchgr J. Buckley
Allen 1}. Clapp
Stephen R. Dillon

Donald C. Fleckenstein

Jay Forster*
Thomag L. Hannan

*Member Emeritus

ANSVIEE

1991.

When the IE
following m¢mbership:

*Patricia Thaler, Current Chair
"Richard Anderson, Current Chair

John W. Horch
Joseph L. Koepfinger*
Irving Kolodny
Michael A. Lawler
Donald J. Loughry
John E. May, Jr.

E Std 802.3h-1990 was approved by the American National Standards Institute on M

(EE 802.3 Working Group approved ANSI/IEEE Std 802.3i-1990 (Sections 13 and 14), i

Donald C. Loughry; Chair"
Patricia Thaler, Chair, Type 10BASE-T Task Force'

L. Bruce McClung
Donald T. Michael
Stig Nilsson,

Roy T. Oishi

Gary S.(Robinson

TerranceR. Whittemore

Donald’'W. Zipse

Menachem Abraham Paul (Skip) Ely Steven Koller
Luc Adfiaenssens Richard Ely Paul Kopera
John R} Agee Norman Erbacher Leonid Koshevoy
Keith Amundsen Steve Evitts Ted Kummert
Richard Anderson Eldon Feist David Kung
Stepheh J. Anderson Alan V. Flatman Michael Lebar
Ekkehard Antz Ingrid Fromm Michael Lee
Susie Armstrong Mel Gable Richard Lefkowitz
R. V. Bplakrishnan Robert Galin Richard Lena
Robertg Bertoldi Mark Gerhold Yoseph Linde
Dave Bethune Andreas Gulle T. D. Lockyer
Mark Bohrer Richard Gumpertz Andy dJ. Luque
Richard Brand Clive Hallatt Kenneth MacLeod
Thomas Butler Benny Hanigal Luciano Marchitto
Luca Chfiero W. B. Hatfield Charles Marsh
Robert [R. Campbell Stephen Haughey Steven Moustakas
Luigi avese Carl G. Hayssen Narayan Murthy
Michaef Coden Ernie Jensen Darcy Nelson
Kevin Cone Clarence Joh Bob Norton
Robert Conte Donald C. Johnson Mike O’Connor
Neil G Mize-Johnsen Chris-Oliver
Ian Crayford Imra Juhaisz Lloyd Otiver
Bill Cronin Dieter W. Junkers Keith Onodera
Peter Cross Joel 8. Kalman Kazuyuki Ozawa
Joe Curcio Rainer Kaps Charles Palanzo
Nabil Damouny Bob Kilgore Tony Peatfield
Mark Darby Yongbum Kim Peter Rautenberg
Jdohn DeCramer John Kincaid Bill Reysen
Tazio M. Denicolo Bill Kind Gary Robinson
Tadayoshi Kitayama Steven Robinson

Sanjay Dawan

[arch 11,

L had the
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Paul F. Russo
Moni Samaan
F. Sarles

Stan Sassower
Ronald Schmidt
Tom Schmitt
Frederick Scholl
Ron Shani
Joseph Skorupa
David A. Smith

Bob Smith

Steve Smith
Robert Snyder
Graham Starkins
David E. Stein
Peter Tarrant
Mark Taylor
Douglas Thompson
Geoffrey Thompson
Nathan Tobol

Carlos Tomaszewski
Herbert Uhl

John Visser

William Wager
Joseph Wiencko, Jr.
Richard Williams
Roger Wilmarth
Mike Winen

Mark Wingrove
Nobushige Yokota

The following persons were on the balloting committee for ANS/IEEE Std 802.3i-1990:

Bandula W. Abeysundara

William B. Adams
Don Aelmore

Bob Jacobsen
Raj Jain

Gerrit K. Janssen
Jack-R—Johnsen

@

J| nathar'l Allan

ichael H. Coden

eith Collins

odney A. Conser

obert Crowder

bse A. Cueto
Deravi

shwani K, Dhawan

yi Terry Dong

itchell G. Duncan

ndrew M. Dunn
urav Dutta
d Dzik

ans Eklund

Jphn E. Emrich
ichard G. Estock
hangxin Fan

Jphn W. Fendrich

dphn N. Ferguson
muel Fineberg

rnest L. Fogle

arold C. Folts
ndra J. Forney

Harvey A-Freeman

Ingrid Fromm

Hithan Froumine

R

lobert-Gagliano
Iseae-Ghansah

Sy oy s

erald W. Cichanowski

Hardy J. Pottinger
Andris Putnins

Thad L. D. Regulinski
Franet tivo

Reijo Juvonen
Richard H. Karpinski
Julian Kateley

Gary C. Kessler
Samuel Kho

Jens Kolind

Vijaya Konangi
Peter Kornerup

Jon Kramp

Stephen B. Kruger
Thomas M. Kurihara
Anthony B. Lake
Lak Ming Lam

Glen Langdon

Mike Lawler

Lanse M. Leach
John E. Lecky

‘Jai-Yong Lee

Michael E. Lee

Lewis E. Leinenweber
Kin Fun'le )

F. C. Lim

Ping Lin

Randolph S. Little
William D. Livingston
Mauro Lolli

Wayne M. Loucks:
Donald Loughry

Nam C. Low

Andy J. Luque

Carl R. Manson
Eduardo G. Marmol
Gerald M, Masson
Richard McBride
Kelly C. McDonald
William McDonald
Darrell B. McIndoe
Richard H. Miller

" David S. Millman

C. B. M. Mishra
‘Wen Hsien Lim Moh
John E, Montague
Kinji Mori .

Gerald Moseley

John R. Riganati
Saber Rizk
Philip T/\Robipson
Gary S: Robi
Robert Rosenthal
Daniel Rosichl
Floyd E. Ross
Victor Rozentpuler
Chiseki Sagawa
Mark S, Sandprs
Ravi Sankar
Julio Gonzaley Sanz
Ambatipudi Spstry
Vidyadhar S. Bavant
Manoj Kunar Saxena
Lorne Schachter
Norman Schnpidewind
Jeffrey R. Schiwab

A. D. Sheppand
Glen Sherwood
William T. Snjith
I. A. Soceanu
Robert K. Southard
Charles Spurgeon
Michael Stephenson
Fred J. Straugs
Efstathios D. Bykas
Roy S: Syler
Gregory M. Sylvain
Daniel Sze
NhiP. Ta
Hassan Tabai
Hao Tang
Ahmed N. Tantawi
Steven R. Tayjlor
James N. Thomas.
Geoffrey O. Thompson
Nathal Tobol
Robert Tripi
L. David Umbaugh

Patrick Gonia
Michael D. Graebner
Maris Graube
Abraham Grund
Crag Guarnieri
Sandor V. Halasz
Joseph L. Hammond
Clark M. Hay

Lee A. Hollaar
Marsha D. Hopwood
Anne B, Horton
Genesio L. Hubscher
Wing Huen

H. H. T. Mouftah
K. R. S. Murthy
Charles E. Neblock
Ruth Nelson

Arne A. Nilsson
Donal O'Mahony
Frederic Oakland
Charles Oestereicher
Attila Ozgit
Richard J. Paroline
Thomas E. Phillips
Art J. Pina

Rafat Pirzada

Udo W. Pooch

Donald F. Weir
Alan J. Weissberger
Raymond Wenig
William J. Wenker
Earl J. Whitaker
Thomas P. Wiggen
Michael Willett
Paul A, Willis
George B. Wright
Jen-Kun Yang
Oren Yuen
William H. Yundt
Zhao Wei
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When the IEEE Standards Board approved ANSI/IEEE Std 802.8i-1990 on September 28, 1990, it had
the following membership:

Marco W. Migliaro, Chairman James M. Daly, Vice Chairman
Andrew G. Salem, Secretary
Dennis Bodson Kenneth D. Hendrix Lawrence V. McCall
Paul L. Borrill John W. Horch L. Bruce McClung
Fletcher J. Buckley Joseph L. Koepfinger* Donald T. Michael*
Allen L. Clapp Irving Kolodny Stig Nilsson
Stephen R. Dillon Michael A. Lawler Roy T. Oishi
Donald C. Fleckenstein Donald J. Loughry Gary S. Robinson
Jay Forster* John E, May, Jr. Terrance R. Whittemore
Thomas L. Hannan Donald W. Zipse
*Member Emeritus

ANSI/IEEE Std 802.3i-1990 was approved by the American National Standards Institute on-March 11,
1991.
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Information technology—Local and metropolitan
area networks—

Part 3: Carrier sense multiple access with collision
detection (CSMA/CD) access method and physical
layer specifications

1. Introduction

1.1 Overview

1.1.1 Basi¢ Concepts. The Carrier Sense Multiple Access with Collision Detection’ (CSMA/CI)) media
access method is the means by which two or more stations share a common_transmission medium. To
transmit, a station waits (defers) for a quiet period on the medium (that is, no other station is transmit-
ting) and the¢n sends the intended message in bit-serial form. If, after initiating a transmission, the mes-
sage collideg with that of another station, then each transmitting station intentionally sendE a few

additional bytes to ensure propagation of the collision throughout the'system. The station remains silent
access

This is a comprehensive standard for Local Area Networks employing CSMA/CD as the access method.
is intended to encompass several media types.and techniques for signal rates of fronh 1 Mb/s
to 20 Mb/s. This edition of the standard provides the necessary specifications. for 10 Mb/s baseband and
broadband systems, a 1 Mb/s baseband system, and a Repeater Unit.

1.1.2Archjtectural Perspectives. There are two'important ways to view local area network design cor-
responding t

(1) Architecture. Emphasizing the logical divisions of the system and how they fit together.
(2) Implementation. Emphasizing actual components, their packaging and interconnection.

This standard is organized along architectural lines, emphasizing the large-scale separation of the sys-
tem into twd parts: the Media Access Control (MAC) sublayer of the Data Link Layer, and the Physical
Layer. These layers are intended to correspond closely to the lowest layers of the ISO Model for Open Sys-
tems Intercohnection (see Fig 1-1). See ISO 7498:1984 [10].! The Logical Link Control (LLC) subldyer and
MAC sublayer together/encompass the functions intended for the Data Link Layer as defined in [the OSI
model. :

1.1.2.1 Anrchitectural organization of the standard has two main advantages:

(1) Clarity. A clean overall division of the design along architectural lines makes the standard clearer.
(2) Flexibility. Segregation of medium-dependent aspects in the Physical Layer allows the LLC and
MAC sublayers to apply to a family of transmission media.

Partitioning the Data Link Layer allows various media access methods within the family of Local Area
'Network standards. ~ :

1 The numbers in brackets correspond to those of the references listed in 1.3; when preceded by A, they correspond to those listed in
the Annex.
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ISO/IEC

ANSI/IEEE Std 802.3, 1993 Edition

8802-3 : 1993

LOCAL AND METROPOLITAN AREA NETWORKS:

The
implen
impler

1.1

Layer.

(1)

(2)

osl LAN
REFERENGCE CSMA/CD
MODEL LAYERS
LAYERS
APPLICATION HIGHER LAYERS
PRESENTATION LLC
/ | LOGICAL LINK CONTROL
/
SESSION /
/ >—DTE > DTE
/ (AU not
TRANSPORT S exposed)
, /
NETWORK /, 4
' /
DATA LINK /
, MAU
PHYSICAL ]
- - MDI
AUl = ATTACHMENT UNIT INTERFACE
MAU - = MEDIUM ATTACHMENT UNIT
MDI = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT
Fig 1-1
LAN Standard Relationship to the ISO Open Systems Interconnection
(OSY) Reference Model ‘

hentations. One critical aspect of thé design, however, shall be addressed largely in
hentation interfaces: compatibility.

2.2 Two important compatibility interfaces are defined within what is architecturall

Medium-Dependent-Interface (MDI). To communicate in a compatible manner, all
adhere rigidly to'the exact specification of physical media signals defined in Section §
in this standard;’and to the procedures that define correct behavior of a station. The
pendent aspects of the LLC sublayer and the MAC sublayer should not be taken as dx
this point; communication by way of the ISO 8802-3 [IEEE 802.3] Local Area Network

architectural model is based on a set of interfaces that may be different from those ¢gmphasized in

terms of the

y the Physical

stations shall
(and beyond)
medium-inde-
ptracting from
requires com-

plete eompatibility at the Physical Medium interface (that is, the coaxial cable interfage).

| Attdchment Unit Interface (AUD). Tt is anticipated that most DTEs will be located

from their connection to the coaxial cable. A small amount of circuitry will exist i

some distance
the Medium

Attachment Unit (MAU) directly adjacent to the coaxial cable, while the majority of
and all of the software will be placed within the DTE. The AUI is defined as a second
interface. While conformance with this interface is not strictly necessary to ensure co.
it is highly recommended, since it allows maximum flexibility in intermixing MAUs a
AUI may be optional or not specified for some implementations of this standard that a

the hardware
compatibility
mmunication,
nd DTEs. The
re expected to

be connected directly to the medium and so do not use a separate MAU or its interconnecting AUI
cable. The PLS and PMA are then part of a single unit, and no explicit AUI specification is required.

1.1.3 Layei‘ Interfaces. In the architectural model used here, the layers interact by way of well defined
interfaces, providing services as specified in Sections 2 and 6. In general, the interface requirements are as
follows:
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(1) The interface between the MAC sublayer and the LLC sublayer includes facilities for transmitting
and receiving frames, and provides per-operation status information for use by higher-layer error
recovery procedures.

(2) The interface between the MAC sublayer and the Physical Layer includes signals for framing (car-
rier sense, transmit initiation) and contention resolution (collision detect), facilities for passing a
pair of serial bit streams (transmit, receive) between the two layers, and a wait function for timing.

These interfaces are described more precisely in 4.3. Additional interfaces are necessary to allow higher
level network management facilities to interact with these layers to perform operation, maintenance, and
planning functions. Network management functions will be discussed in Section 5.

1.1.4 Application Areas. The applications environment for the Local Area Network is intended to be
commercial and light industrial. Use of CSMA/CD LANs in home or heavy industrial environments, while
not precludéd, is not considered within the scope of this standard.

1.2 Notation

1.2.1 State Diagram Conventions. The operation of a protocol can be described by subdividing the pro-
tocol into a pumber of interrelated functions. The operation of the functions can bedescribed by state dia-
grams. Each diagram represents the domain of a function and consists of a group of connected, jnutually
exclusive sthtes. Only one state of a function is active at any given time (see Fig 1-2).

...... STATENAME ...
% <MESSAGE SENT>
TERMS TO ENTER TERMS TO EXIT
[ACTIONS TAKEN]

Key: () = condition, for example, (if no_collision)
[ 1 = action, for example, [reset PLS functions]
«» = logical’/AND
+ = logical OR
Tw =.Wait Time, implementation dependent
Td & Delay Timeout
=-Backoff Timeout

UCT = uncongditional transition

Fig 1-2
State Diagram Notation Example

Each state-that the function can assume is represented by a rectangle. These are divided into two parts -
by a horlzorttﬂ—m—mtm—mmmjmfﬂMmmmdﬂwmm—TMwer part

contains the name of any ON signal that is generated by the function. Actions are described by short
phrases and enclosed in brackets.

All permissible transitions between the states of a function are represented graphically by arrows
between them. A transition that is global in nature (for example, an exit condition from all states to the
IDLE or RESET state) is indicated by an open arrow. Labels on transitions are qualifiers that must be ful-
filled before the transition will be taken. The label UCT designates an unconditional transition. Qualifiers
described by short phrases are enclosed in parentheses.

State transitions and sending and receiving of messages occur instantaneously. When a state is entered
and the condition to leave that state is not immediately fulfilled, the state executes continuously, sending
the messages and executing the actions contained in the state in a continuous manner.
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Some devices described in this standard (e.g., repeaters) are allowed to have two or more ports. State
diagrams capable of describing the operation of devices with an unspecified number of ports, required qual-
ifier notation that allows testing for conditions at multiple ports. The notation used is a term that includes
a description in parentheses of which ports must meet the term for the qualifier to be satisfied (e.g., ANY
and ALL). It is also necessary to provide for term-assignment statements that assign a name to a port that
satisfies a qualifier. The following convention is used to describe a term-assignment statement that is asso-

ciated with a transition:

(1) The character “” (colon) is a delimiter used to denote that a term assignment statement follows.

(2) The character “<=” (left arrow) denotes assignment of the value following the arrow to the term pre-

ceding the arrow.

The state diagrams contain the authoritative statement of the functions they depict; when apparent con-
flicts between descriptive text and state diagrams arise, the state diagrams are to take precedence. This
does n¢t override, be diagrams.

The models presented by state diagrams are intended as the primary specifications of the-fpnctions to be
provided. It is important to distinguish, however, between a model and a real implementatioh. The models
are opfimized for simplicity and clarity of presentation, while any realistic implementatipn may place
heaviet emphasis on efficiency and suitability to a particular implementation technology. It is the func-
tional behavior of any unit that must match the standard, not its internal strueture. The intefnal details of
the moflel are useful only to the extent that they specify the external behaviérclearly and precisely.

1.2.2| Service Specification Method and Notation. The service of.a layer or sublayer is the set of
capabilities that it offers to a user in the next higher (sub)layer. Abstract services are spefified here by

descritiing the service primitives and parameters that characterize’each service. This definition of service
is independent of any particular implementation (see Fig 1-3).
LAYER N LAYER N
SERVICE USER SERVICE USER
LAYER N-1
SERVICE PROVIDER
—_—
w REQUEST -
=
'—
INDICATION
Fig 1-3
Service Primitive Notation

Specific implementations may also include provisions for interface interactions that have no direct end-
to-end effects. Examples of such local interactions include interface flow control, status requests and indi-
cations, error notifications, and layer management. Specific implementation details are omitted from this
service specification both because they will differ from implementation to implementation and because
they do not impact the peer-to-peer protocols.

1.2.2.1 Classification of Service Primitives. Primitives are of two generic types:

) REQUEST The request primitive is passed from layer N to layer N-1 to request that a service be
initiated.
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(2) INDICATION. The indication primitive is passed from layer N-1 to layer N to indicate an internal
layer N-1-event that is significant to layer N. This event may be logically related to a remote service
request, or may be caused by an event internal to layer N-1.

The service primitives are an abstraction of the functional specification and the user-layer interaction.
The abstract definition does not contain local detail of the user/provider interaction. For instance, it does
not indicate the local mechanism that allows a user to indicate that it is awaiting an incoming call. Each
primitive has a set of zero or more parameters, representing data elements that shall be passed to qualify
the functions invoked by the primitive. Parameters indicate information available in a user/provider inter-
action; in any particular interface, some parameters may be explicitly stated (even though not explicitly
defined in the primitive) or implicitly associated with the service access point. Similarly, in any particular
protocol specification, functions corresponding to a service primitive may be explicitly defined or implicitly
available.

1.2.3 Ph
implement
by a simple|
general, the

<data rate in Mb/s> <medium type> <maximum segment length (x 100 m)>

For exam
meaning a
Layer speci

124 Ph
within or be]
either form
input_idle o

1.3 References

1] CISPR

[2]

[3] IEC Py
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ion is being used or identified. Therefore, a means of identifying each implementation
three-field, type notation that is explicitly stated at the beginning of each relévant s¢
Physical Layer type is specified by these fields:

ple, the standard contains a 10 Mb/s baseband specification identified as “TYPE 10
0 Mb/s baseband medium whose maximum segment lengthis 500 m. Each successive
cation will state its own unique TYPE identifier along similar lines,

ysical Layer Message Notation. Messages genérated within the Physical Lay:
tween PLS and the MAU (that is, PMA circuitry), are designated by an italic type to
f physical or logical message used to execute the physical layer signaling process (for ¢
r mau_avatlable).

blication 96-1A, 1st Supplement to Radio-frequency cables, Part 1: Appendix Section
xial test method for transfer impedance up to 100 MHz.

blication-169-8 and -16, Radio-frequency connectors, Part 8: Radio-frequency coaxial
her diameter of outer conductor 6.5 mm (0.256 in) with bayonet lock—Characteristi

ance 50 oh
conductor 7

(5]

[6]

articular
is given
ction. In

BASES5,”

Physical

. either
esignate
txample,

[Publication 22 (1985), Limits and Methods of Measurement of Radio Interference Chalracteris-
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IEC Publication 435, Safety of data processing equipment.
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2CISPR documents are available from the International Electrotechnical Commission, 3 rue de Varembé, Case Postale 131, CH
1211, Genéve 20, Switzerland/Suisse. CISPR documents are also available in the United States from the Sales Department, American
Natlonal Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.

SIEC publications are available from IEC Sales Department, Case Postale 131, 3 rue de Varembé, CH-1211, Genéve 20, Switzer-
land/Suisse. IEC publications are also available in the United States from the Sales Department, American Natlonal Standards Insti-
tute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.
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[7} IEC Publication 807-2, Rectangular connectors for frequencies below
3 MHz, Part 2: Detail specification for a range of connectors with round contacts—Fixed solder contact

types.

[81 IEC Publication 950, Safety of Information Technology Equipment, Including Electrical Business
Equlpment A

[9] ISO 2382-9 : 1984, Data processing—Vocabulary—Part 09: Data communication.?

[10] ISO 7498 : 1984, Information processing systems—open systems interconnéction—Basic reference
model. ” '

[11] JEC Publication 60, High-voltage test techniques.

[12] JEC Publication 68, Environmental testing.

[18] IEC Publication 793-1, Optical fibres, Part 1: Generic specification.

[14] JEC Publication 793-2, Optical fibres, Part 2: Product specifications'®

(15} 1EC Publication 794-1, Optical fibre cables, Part 1: Generic specification.
[16] JEC Publication 794-2, Optical fibres cables, Part 2: Product specifications.

[17] JEC Publication 825, Radiation safety of laser products, equipment classification, reqpuirements, and
user’s guide.

[18] IEC Publication 874-1, Connectors for optical fibres and cables, Part 1: Generic specifidation.

[19] IEC Publication 874-2, Connectors for optical fibres and cables, Part 2: Sectional specification for fibre
optic connector type F-SMA. '

[20] ISO/IEC 7498-4 : 1989, Information processing systems—Open Systems Interconnection—Basic Ref-
erencg Model—Part 4: Management Framework.

[21] ISO 8877 : 1987, Information processing systems—Interface connector and contact assignments for
ISDN| basic access interface located at reference points S and T.

Logal and:national standards such as those supported by ANSI, EIA, IEEE, MIL, NFPA, and UL are not
a formal part of the ISO/IEC 8802-3 standard. Reference to such local or national standardg may be useful
resource material and are identified by a bracketed number beginning with the letter A|and located in
Annex A,

- 1.4 Definitions. The definitions used in this standard are consistent with ISO 2382-9:1984 [9]. A more
specific Part 25, pertaining to LAN systems, is in development.

4SO publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, Genéve 20, Sw1tzer-
land/Suisse. ISO publications are also available in the United States from the Sales Department American Natmnal Standards Insti-
tute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.

5 Subsection 9.9 is to be read with the understanding that the following changes to IEC Publication 793-2 [14] have been requested
(1) Correction of the numerical aperture tolerance in Table III to £ 0.015.
(2) Addition of another bandwidth category, of 2 1560 MHz referred to 1 km, for the type Alb fiber in Table III.
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2. MAC Service Specification

2.1 Scope and Field of Application. This section specifies the services provided by the Media Access
Control (MAC) sublayer to the Logical Link Control (LLC) sublayer for the ISO [IEEE] Local Area Network
standard (see Fig 2-1). The services are described in an abstract way and do not imply any particular
implementation, or any exposed interface. There is not necessarily a one-to-one correspondence between
the primitives and the formal procedures and interfaces described in 4.2 and 4.3. '

osl LAN
L GSMA/CE
LAYERS LAYERS
APPLICATION © HIGHER LAYERS
PRESENfATION e
, / | LOGICAL LINK CONTROL
/
SESSION /’ MEDIA ACCESS CONTROL| $—DTE S pre
, — (AUI noctj)
expose
TRANSPORT /-, /| PHYSICAL SIGNALING
o000 1 L
NETWORK / : :
/ : AU
/ : .
DATA LINK / . [ ] .
PMA MAU
PHYSICAL —
o T T MDI

4 MEDIUM 4

AUl = ATTACHMENT UNIT INTERFACE
MAU = MEDIUMATTACHMENT UNIT

MDI = MEDIUM DEPENDENT INTERFACE
PMA = PRHYSICAL MEDIUM ATTACHMENT

: Fig 2.1
Service Specification Relation to the LAN Model

2.2 Overview of the Service
2.2.1 Gengral Description of Services Provided by the Layer. The serviceé provided by the MAC

sublayer allow the local LLC sublayer entity to exchange LLC data units with peer LLC sublayer éntities.
Optional support may be provided for resetting the MAC sublayer entity to a known state.

2.2.2 Model Used for the Service Specification. The model used in this service specification is identi-
cal to that used in 1.2,

2.2.3 Overview of Interactions

MA_DATA request
MA_DATA indication

2.2.4 Basic Services and Options. The MA_DATA request and MA_DATA. indication service primi-
tives described in this section are considered mandatory.
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2.3 Detailed Service Specification

2.3.1 MA_DATA.request

2.3.1.1 Function. This primitive defines the transfer of data from a local LLC sublayer entity to a sin-
gle peer LLC entity or multiple peer LLC entities in the case of group addresses.

2.3.1.2 Semantics of the Service Primitive. The semantics of the primitive are as follows:

- MA_DATA request (
' : destination_address,
m_sdu,

gervice class

)

The |destination_address parameter may specify either an individual or a group MAC entjty address. It
must dontain sufficient information to create the DA field that is appended to the frame by the local MAC
sublaygr entity and any physical information. The m_sdu parameter specifies the MAC servi¢e data unit to
be trapsmitted by the MAC sublayer entity. There is sufficient information associated with m_sdu for the
MAC gublayer entity to determine the length of the data unit. The service-class parametpr indicates a
quality of service requested by LLC or higher layer (see 2.3.1.5). '

2.3.1.3 When Generated. This primitive is generated by the LLE sublayer entity whenegver data shall
be transferred to a peer LLC entity or entities. This can be in response to a request from hjgher protocol
layers pr from data generated internally to the LLC sublayer, such as required by Type 2 service.

2.3.1.4 Effect of Receipt. The receipt of this primitive will cause the MAC entity to append all MAC
specifi¢ fields, including DA, SA, and any fields that are.unique to the particular media accesr method, and
pass the properly formed frame to the lower protocollayers for transfer to the peer MAC sublayer entity or

entities.

2.3.1.5 Additional Comments. The €SMA/CD MAC protocol provides a single quality of service
regard]ess of the service_class requested.

2.3.2 MA_DATA.indication

2.3.2.1 Function. This primitive defines the transfer of data from the MAC sublayer entity to the LLC
sublayer entity or entities ihthe case of group addresses.

2.3.2.2 Semantics of the Service Primitive. The semantics of the primitive are as follows:

MA_DATA indication " (
destination_address,
source_address,
m_sdu,
Teception_status

)

The destination_address parameter may be either an individual or a group address as specified by the
DA field of the incoming frame. The source_address parameter is an individual address as specified by the
SA field of the incoming frame. The m_sdu parameter specifies the MAC service data unit as received by
the local MAC entity. The reception_status parameter is used to pass status information to the peer LLC

sublayer entity.

2.3.2.3 When Generated. The MA_DATA indication is passed from the MAC sublayer entity to the
LLC sublayer entity or entities to indicate the arrival of a frame to the local MAC sublayer entity. Such
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frames are reported only if they are validly formed, received without error, and their destination address
designates the local MAC entity.

2.3.2.4 Effect of Receipt. The effect of receipt of this primitive by the LLC sublayer is unspecified.

2.8.2.5 Additional Comments. If the local MAC sublayer entity is designated by the destination_ad-
dress parameter of an MA_DATA request, the indication primitive will also be invoked by the MAC entity
to the local LLC entity. This full duplex characteristic of the MAC sublayer may be due to unique function-
ality within the MAC sublayer or full duplex characteristics of the lower layers (for example, all frames
transmitted to the broadcast address will invoke MA_DATA.indication at all stations in the network
including the station that generated the request).
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8.1 Overview. This section defines in detail the frame structure for data communication systems using
local area network MAC procedures. It defines the relative positions of the various components of the MAC
frame. It defines the method for representing station addresses. It defines a partition of the address space
into individual (single station) and group (multicast or multistation) addresses, and into user administered
and globally administered addresses.

3.1.1 MAC Frame Format. Figure 3-1

shows the eight fields of a frame: the preamble, Start Frame

length of

ing field containing the LLC data to be transmitted, a field that contains padding if réquired, and

the frame theck sequence field containing a cyclic redundancy check value to detect errors’in received
frames. Of these eight fields, all are of fixed size except the LL.C data and PAD fields, which may contain
any integel number of octets between the minimum and maximum values determined by thie specific

implementation of the CSMA/CD Media Access mechanism. See 4.4 for particular implementations.

7 OCTETS

10CTET

2 OR 6 OCTETS

2 OR 6 OCTETS

2 OCTETS

4 OCTETS

LsB

PREAMBLE

SFD

DESTINATION
ADDRESS

SOURCE
ADDRESS

LENGTH

LLC DATA

PAD

FRAME CHECK SEQUENCE

b0  BTSWTHIN b/

OCTETS WITHIN

FRAME TRANSMITTED
TOP-TO-BOTTOM

MSB

FRAME TRANSMITTED
LEFT-TO-RIGHT ~——>

Fig 3-1

MAC Frame Format

The minimum and maximum frame size limits in 4.4 refer to that portion of the frame from the destina-
tion address field through the frame check sequence field, inclusive.

Relative to Fig 3-1, the octets of a frame are transmitted from top to bottom, and the bits of each octet are

transmitted from left to right.

3.2 Elements of the MAC Frame

3.2.1 Preamble Field. The preamble field is a 7-octet field that is used to allow the PLS circuitry to

reach its steady-state synchronization with the received frame timing (see 4.2.5).
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8.2.2 Start Frame Delimiter (SFD) Field. The SFD field is the sequence 10101011. It immediately fol-
lows the preamble pattern and indicates the start of a frame.

8.2.3 Address Fields. Each MAC frame shall contain two address fields: the Destination Address field
and the Source Address field, in that order. The Destination Address field shall specify the destination

addres

see(s) for which the frame is intended. The Source Address field shall identify the station from which

the frame was initiated. The representation of each address field shall be as follows (see Fig 3-2):

(1)

Each address field shall contain either 16 bits or 48 bits. However, at any given time, the Source and

" Destination Address size shall be the same for all stations on a particular local area network.

2)

The support of 16 or 48 bit address length for Source and Destination Address shall be left to the
manufacturer as an implementation decision. There is no requirement that manufacturers support
both sizes.

3

(4)

(5)

3.4

The first bit (LSB) shall be used in the Destination Address field as an address type designation bit
to identify the Destination Address either as an individual or as a group address/[[n the Source
Address field, the first bit is reserved and set to 0. If this bit is 0, it shall indieate that the address
field contains an individual address. If this bit is 1, it shall indicate that the @address field contains a
group address that identifies none, one or more, or all of the stations connected to fthe local area
network. ' ‘
For 48 bit addresses, the second bit shall be used to distinguish between locally or globally adminis-
tered addresses. For globally administered (or U, universal) addresses, the bit is get to 0. If an
address is to be assigned locally, this bit shall be set to 1. Note that for the broadcast address, this
bit is also a 1.

Each octet of each address field shall be transmitted least significant bit first.

48 BIT ADDRESS FORMAT

/G u/L 46 BIT ADDRESS

16 BIT ADDRESS FORMAT

176 15 BIT ADDRESS
{/G..= 0 INDIVIDUAL ADDRESS
1/G =1 GROUP ADDRESS
U/L = 0 GLOBALLY ADMINISTERED ADDRESS
U/L = 1 LOCALLY ADMINISTERED ADDRESS

Fig 3-2
Address Field Format

.3.1 Address Designation. AMAC sublayer address is of one of two types:

(D
2

Individual Address. The address associated with a particular station on the network.
Group Address. A multidestination address, associated with one or more stations on a given net-

-work. There are two kinds of multicast address:

(a) Multicast-Group Address. An address associated by higher-level convention with a group of log-
ically related stations. ‘

(b) Broadcast Address. A distinguished, predefined multicast address that always denotes the set
of all stations on a given local area network.

All I’s in the Destination Address field (for 16 or 48 bit address size LANs) shall be predefined to be the
Broadcast address. This group shall be predefined for each communication medium to consist of all stations

42



https://iecnorm.com/api/?name=f1be158f1b5e8fd7304e79a44c09d06a

ISO/IEC 8802-3 : 1993
CSMA/CD , ANSVIEEE Std 802.3, 1993 Edition

actively connected to that medium; it shall be used to broadcast to all the active stations on that medium.
All stations shall be able to recognize the Broadcast address. It is not necessary that a station be capable of

generating the Broadcast address.

The address space shall also be partitioned into locally administered and globally administered
addresses. The nature of a body and the procedures by which it administers these global (U) addresses is
beyond the scope of this standard.®

8.2.4 Destination Address Field. The Destination Address field specifies the station(s) for which the
frame is intended. Tt may be an individual or multicast (including broadcast) address.

3.2.5 Source Address Field. The Source Address field specifies the station sending the frame. The
Source Address field is not interpreted by the CSMA/CD MAC sublayer.

3.2.6 LeLngth Field. The length field is a 2-octet field whose value’ indicates the number of LLC data
octets in tHe data field. If the value is less than the minimum required for proper operationof'the protocol,
- a PAD field (a sequence of octets) will be added at the end of the data field but prior to the FCS figld, speci-
fied below.|The procedure that determines the size of the pad field is specified in 4.2.8. The length field is
transmitted and received with the high order octet first.

3.2.7 Data and PAD Fields. The data field contains a sequence of n octets. Full data transparency is
provided i the sense that any arbitrary sequence of octet values may appeat/in'the data field up|to a max-
imum number specified by the implementation of this standard that is-used. A minimum frame size is
required for correct CSMA/CD protocol operation and is specified by the particular implementation of the
standard. If necessary, the data field is extended by appending extra bits (that is, a pad) in unit$ of octets
after the LL.C data field but prior to calculating and appending the FCS. The size of the pad, if any, is deter-
mined by the size of the data field supplied by LLC and the minimmum frame size and address siz¢ parame-
ters of the particular implementation. The maximum size of the data field is determined by the maximum
frame size pnd address size parameters of the particular implementation.

The length of PAD field required for LLC data that is‘n-octets long is max (0, minFrameSize — [8 x n + 2
x addressSjze + 48)) bits. The maximum possible size.df the LLC data field is maxFrameSize ~ (2 xt address-
Size + 48)/8 octets. See 4.4 for a discussion of implementation parameters; see 4.2.3.8 for a discussion of the

minFrame®ize.

3.2.8 Frame Check Sequence Field. A cyclic redundancy check (CRC) is used by the transmit and
receive algprithms to generate a CRC value for the FCS field. The frame check sequence (FCS)|field con-
tains a 4-o¢tet (32-bit) cyclic redundaney check (CRC) value. This value is computed as a function of the
contents of|the source address, destination address, length, LL.C data and pad (that is, all fields except the
preamble, $FD, and FCS). The encoding is defined by the following generating polynomial.

Gx) = x% +x26 + %28 + 227 x16 4 x12 4 x11 4 x10 4 x8 4 x7 4 xB 4 x4 4 x2 4+ x + 1
Mathematically, the’€RC value corresponding to a given frame is defined by the following procedure:

(1) Thelfirst'32 bits of the frame are complemented.

(2) Thenbits of the frame are then considered to be the coefficients of a polynomial M(x) of de¢gree n-1.
(Theﬁsﬁﬁhyfmeﬁestmﬁmﬁd&?ssﬁehkmmﬁmﬁeﬁmme—hs&)it of the

data field corresponds to the x0 term.)
(83) M(x) is multiplied by x32 and divided by G(x), producing a remainder R(x) of degree <31.
(4) The coefficients of R(x) are considered to be a 32-bit sequence.
(5) The bit sequence is complemented and the result is the CRC.

5For information on how to use MAC addresses, see IEEE Std 802-1990, Overview and Architecture. To apply for an Organization-
ally Unique Identifier for building a MAC address, contact the Registration Authority, IEEE Standards Department, P.O. Box 1331,
445 Hoes Lane, Piscataway, NJ 08855-1331, USA; (908) 562-3813; fax (908) 562-1571.

7 Packets with a length field value greater than those specified in 4.4.2 may be ignored, discarded, or used in a private manner. The
use of such packets is beyond the scope of this standard.
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The 32 bits of the CRC value are placed in the frame check sequence field so that the x3! term is the left-
most bit of the first octet, and the x0 term is the right most bit of the last octet. (The bits of the CRC are
thus transmitted in the order x31, x30, . . ., x!, x0.) See reference [A18].

3.3 Order of Bit Transmission. Each octet of the MAC frame, with the exception of the FCS, is
transmitted low-order bit first.

3.4 Invalid MAC Frame. An invalid MAC frame shall be defined as one that meets at least one of the
following conditions: :

(1) -The frame length is inconsistent with the length field.
(2) Itis not an integral number of octets in length.
(3) The bits of the incoming frame (exclusive of the FCS field itself) do not generate a CRC value 1dent1-

cal to the one received.

The|contents of invalid MAC frames shall not be passed to LLC. The occurrence ofinvalifl MAC frames
may be communicated to network management.
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4. Media Access Control

4.1 Functional Model of the Media Access Control Method

4.1.1 Overview. The architectural model described in Section 1 is used in this section to provide a func-
tional description of the Local Area Network CSMA/CD MAC sublayer.
The MAC sublayer defines a medium-independent facility, built on the medium-dependent physical facil-
ity provided by the Physical Layer, and under the access-layer-independent local area network LLC sub-
layer. It is applicable to a general class of local area broadcast media suitable for use with the media access
discipline known as Carrier Sense Multiple Access with Collision Detection (CSMA/CD).

The LL( sublayer and the MAC sublayer together are intended to have the same functidn as that
described in the OSI model for the Data Link Layer alone. In a broadcast network, the notion-of 3

between two network entities does not correspond directly to a distinct physical connection. Ne\frtheless,

the partiti
with a dats

(1) Dat
(a)
(b)
(c)
Med
(a)
(b)

(2)

ning of functions presented in this standard requires two main functions genérally
| link control procedure to be performed in the MAC sublayer. They are as follows:

h encapsulation (transmit and receive)
Framing (frame boundary delimitation, frame synchronization)
Addressing (handling of source and destination addresses)
BError detection (detection of physical medium transmission errors)
ia Access Management
Medium allocation (collision avoidance)
Contention resolution (collision handling)

The remainder of this section provides a functional model of the CSMA/CD MAC method.

4.1.2 CS|

MA/CD Operation. This section provides.an overview of frame transmission and re

terms of the functional model of the architecture. This overview is descriptive, rather than defini

formal spe
CSMA/CD

ifications of the operations described’here are given in 4.2 and 4.3. Specific implement
mechanisms that meet this standard are given in 4.4. Figure 4-1 provides the arc

model desc
The Phy

ribed functionally in the sections-that follow.
ical Layer Signaling (PLS).¢component of the Physical Layer provides an interface to

sublayer fdr the serial transmission of bits onto the physical media. For completeness, in the o)
description| that follows some of these functions are included as descriptive material. The concise
tion of these functions is given.in.4.2 for the MAC functions and in Section 7 for PLS.

Transmit
addressed
characteris
- duplex cha

4.1.2.1

frame operations )are independent from the receive frame operations. A transmit

data link

ssociated

ception in
ional; the
ations for
hitectural

the MAC
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specifica-

ted frame

Lo the originating station will be received and passed to the LLC sublayer at that station. This

tic of the MAC sublayer may be implemented by functionality within the MAC subla;
racteristies(of portions of the lower layers.

Normal Operation

yer or full

4.1.2

ol ansmission wiino .

ission of a

frame, the Transmit Data Encapsulation component of the CSMA/CD MAC sublayer constructs the frame
from the LLC-supplied data. It appends a preamble and a start of frame delimiter to the beginning of the
frame. Using information passed by the LL.C sublayer, the CSMA/CD MAC sublayer also appends a PAD at
the end of the MAC information field of sufficient length to ensure that the transmitted frame length satis-
fies a minimum frame size requirement (see 4.2.3.3). It also appends destination and source addresses, a
length count field, and a frame check sequence to provide for error detection. The frame is then handed to
the Transmit Media Access Management component in the MAC sublayer for transmission.

Transmit Media Access Management then attempts to avoid contention with other traffic on the medium
by monitoring the carrier sense signal provided by the Physical Layer Signaling (PLS) component and
deferring to passing traffic. When the medium is clear, frame transmission is initiated (after a brief inter-
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frame delay to provide recovery time for other CSMA/CD MAC sublayers and for the physi¢al medium).
The sublayer then provides a serial stream of bits to the PLS interface for transmission.

The PILS performs the task of actually generating the electrical signals on the medium that nepresent the
bits of the frame. Simultaneously, it monitors the ' medium and generates the collision detect sjgnal, which,
in the cgntention-free case under discussion,@emains off for the duration of the frame. A functipnal descrip-
tion of the Physical Layer is given in Sections 7 and beyond.

When| transmission has completed without contention, the CSMA/CD MAC sublayer so infoyms the LLC
sublayer using the LLC to MAC interface and awaits the next request for frame transmission,

4]1.2.1.2 Reception Without Contention. At each receiving station, the arrival of a frame is first
detected by the PLS, which.résponds by synchronizing with the incoming preamble, and by turning on the
carrier $ense signal. As the encoded bits arrive from the medium, they are decoded and trapslated back
into binpry data. The PLS passes subsequent bits up to the MAC sublayer, where the leading|bits are dis-
carded, up to and including the end of the preamble and Start Frame Delimiter.

Meanjvhile, the Reéceive Media Access Management component of the MAC sublayer, having observed
carrier gense, has been waiting for the incoming bits to be delivered. Receive Media Access Management
collects pits from the PLS as long as the carrier sense signal remains on. When the carrier sense signal is
removed, the frame is truncated to an octet boundary, if necessary, and passed to Receive Data Decapsula-
tion for processing.

Receive Data Decapsulation checks the frame’s Destination Address field to decide whether the frame
should be received by this station. If so, it passes the Destination Address (DA), the Source Address (SA),
and the LLC data unit (LLCDU) to the LLC sublayer along with an appropriate status code indicating
reception_complete or reception_too_long. It also checks for invalid MAC frames by inspecting the frame
check sequence to detect any damage to the frame enroute, and by checking for proper octet-boundary
alignment of the end of the frame. Frames with a valid FCS may also be checked for proper octet boundary
alignment. ‘

4.1.2.2 Access Interference and Recovery. If multiple stations attempt to transmit at the same
time, it is possible for them to interfere with each other’s transmissions, in spite of their attempts to avoid
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this by deferring. When transmissions from two stations overlap, the resulting contention is called a colli-
sion. A given station can experience a collision during the initial part of its transmission (the collision win-
dow) before its transmitted signal has had time to propagate to all stations on the CSMA/CD medium.
Once the collision window has passed, a transmitting station is said to have acquired the medium; subse-
quent collisions are avoided since all other (properly functioning) stations can be assumed to have noticed
the signal (by way of carrier sense) and to be deferring to it. The time to acquire the medium is thus based
on the round-trip propagation time of the physical layer whose elements include the PLS, PMA, and physi-
cal medium.

In the event of a collision, the transmitting station’s Physical Layer initially notices the interference on
the medium and then turns on the collision detect signal. This is noticed in turn by the Transmit Media
Access Management component of the MAC sublayer, and collision handling begins. First, Transmit Media

- Access Management enforces the collision by transmitting a bit sequence called jam. In 4.4 an implementa-

tion that uses this enforcement procedure is prov1ded ThlS ensures that the duratlon of the c0111s1on is suf-

ficient to bé
Transmit

attempt afte

collisions. S
attempts to
reduce its 1

retransmission time is selected on each successive transmit attempt. Eventually)¢ither the tra

succeeds, o]
loaded.

At the req
the bits of a
missions by

4.1.3 Relationships to LLC Sublayer and Physical Layer. The CSMA/CD MAC sublayer

services to t
is specified

serial stream of bits to the PLS. Although certain errors are reported to the LLC, error recovery is

vided by MA

4.1.4 CSMIA/CD Access Method Functional Capabilities. The following summary of the fi

Tioticed b ;
edia Access Management terminates the transmlssmn and schedules another tra
r a randomly selected time interval. Retransmission is attempted again in the face of
nce repeated collisions indicate a busy medium, however, Transmit Media A¢eess M

pbad on the medium). This is accomplished by expanding the interval from which the
the attempt is abandoned on the assumption that the medium has failed or has bec

valid frame. Fragmentary frames received during collisions-are distinguished from val
the MAC sublayer’s Receive Media Access Management component.

he LLC sublayer required for the transmission and reception of frames. Access to thesd
n 4.3. The CSMA/CD MAC sublayer makes a best effort to acquire the medium and t;

\C. Error recovery may be provided by the LLC or higher (sub)layers.

capabilities
standard, as

of the CSMA/CD MAC sublayer is'intended as a quick reference guide to the capabilit
depicted in Fig 4-2:

adjust to the medium load by backing off (voluntarily delaying its own retransr?:il

am is sent,
smission
repeated
a,

gement
sions to
random
mission

e over-

eiving end, the bits resulting from a collision are received and'decoded by the PLS juist as are
id trans-

provides

services

ransfer a

not pro-

inctional

es of the

(1) For Hrame Transmission -
(a) |Accepts data from the LLC sublayer and constructs a frame
(b) [Presents a bit-serial.data stream to the physical layer for transmission on the medium
NOTE: Assumes data pas§ed from the LLC sublayer are octet multiples
(2) For Krame Reception
(a) Receives-a‘bit-serial data stream from the physical layer
(b) esents to the LLC sublayer frames that are either broadcast frames or directly addressed to
he local station
(c) 1scards or passes to Network Management all frames not addressed to the receiving ptation
(8) Defe s ' S
(4) Appends proper FCS Value to outgomg frames and verlﬁes full octet boundary alignment
(5) Checks incoming frames for transmission errors by way of FCS and verifies octet boundary align-
ment
(6) Delays transmission of frame bit stream for specified interframe gap period
(7) Halts transmission when collision is detected
(8) Schedules retransmission after a collision until a specified retry limit is reached
(9) Enforces collision to ensure propagation throughout network by sending jam message

(10) Discards received transmissions that are less than a minimum length
(11) Appends preamble, Start Frame Delimiter, DA, SA, length count, and FCS to all frames, and inserts
pad field for frames whose LLC data length is less than a minimum value
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(12) Removes preamble, Start Frame Delimiter, DA, SA, length count, FCS and pad field (if necessary)

from received frames

LL.C SUBLAYER

|  ACCESS TO LLC SUBLAYER

TRANSMIT
DATA ENCAPSULATION

1a
A

RECEIVE
%TA DECAPSULATION

1

4.2 CSMA/CD Media Access Control Method (MAC): Precise Specification

4.2.1
for the
[A17]
some
which
descrip

Ir resource material. Note whenever there is any apparent ambiguity concerning th

TRANSMIT MEDIA RECEIVE MEDIA
ACCESS MANAGEMENT ACCESS MANAGEMENT
1b-3-467840H 225912
——— ACCESS TO PHYSICAL INTERFACE _—

TRANSMIT RECEIVE
DATA ENCODING DATA DECODING
PHYSICAL LAYER SIGNALING

NOTE: Numbers refer to functions listed in 4.1.4(

Fig 4-2
CSMA/CD Media Access Control Functions

Introduction. A precise algorithmic definition is given in this section, providing kpro
CSMA/CD MAC process with a program'in the computer language Pascal. See refere

pect of the CSMA/CD MAC method; it is the Paseal procedural specification in 4.2.7 ¢
should be consulted for the definitive statement. Sections 4.2.2 through 4.2.6 provid
tion of the access mechanism!with the formal terminology to be used in the remaining

4.2,
below,
as the
tion. I
optimi
emph
compu

Overview of the Procedural Model. The functions of the CSMA/CD MAC method

redural model
nces [A2] and
b definition of
hrough 4.2.10
e, in prose, a
subsections.

are presented

odeled as a program written in the computer language Pascal. This procedural model is intended

rimary specification of the functions to be provided in any CSMA/CD MAC sublayer
is important to_distinguish, however, between the model and a real implementation.,
ed for simplicity and clarity of presentation, while any realistic implementation shall
is on suchconstraints as efficiency and suitability to a particular implementation
er architecture. In this context, several important properties of the procedural mode

implementa-
The model is
place heavier
technology or
shall be con-

1

MNMaodel
T IVIOGCY

(1) First, it shall be emphasized that the description of the MAC sublayer in a computer language is in
no way intended to imply that procedures shall be implemented as a program executed by a computer.
The implementation may consist of any appropriate technology mcludmg hardware, firmware, soft-

2

(3)

ware, or any combination.

Similarly, it shall be emphasized that it is the behavior of any MAC sublayer implementations that
shall match the standard, not their internal structure. The internal details of the procedural model

are useful only to the extent that they help specify that behavior clearly and precisely.
The handling of incoming and outgoing frames is rather stylized in the procedural

model, in the

sense that frames are handled as single entities by most of the MAC sublayer and are only serial-
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ized for presentation to the Physical Layer. In reality, many implementations will instead handle
frames serially on a bit, octet or word basis. This approach has not been reflected in the procedural
model, since this only complicates the description of the functions without changing them in any
way.

The model consists of algorithms designed to be executed by a number of concurrent processes;
these algorithms collectively implement the CSMA/CD procedure. The timing dependencies intro-
duced by the need for concurrent activity are resolved in two ways:

(a)

(b)

Processes Versus External Events. It is assumed that the algorithms are executed “very fast”
relative to external events, in the sense that a process never falls behind in its work and fails to
respond to an external event in a timely manner. For example, when a frame is to be received,

it is assumed that the Media Access procedure ReceiveFrame is always called well before the
frame in question has started to arrive.

Processes Versus Processes. Among processes, no assumptions are made about relative speeds of
execution. éen two processes shall be structured to work
correctly independent of their respective speeds. Note, however, that the timing of inkeractions
among processes is often, in part, an indirect reflection of the timing of extérnal pvents, in
which case appropriate timing assumptions may still be made.

It is inténded that the concurrency in the model reflect the parallelism intrinsic)to the task| of imple-
. menting the LLC and MAC procedures, although the actual parallel structure‘cf the implementations is
likely tov

4.2.2.3

the method

1)

@

Sony

(a)

(b)

()

(d)

The

ry.

Use of Pascal in the Procedural Model. Several observations need to be made [regarding
| with which Pascal is used for the model. Some of these observations are as follows:

e limitations of the language have been circumvented to simplify the specification:
The elements of the program (variables and procedures, for example) are presented|in logical
groupings, in top-down order. Certain Pascal ordering restrictions have thus been circum-
vented to improve readability.
The process and cycle constructs of Concurrent Pascal, a Pascal derivative, have been intro-
duced to indicate the sites of autonomous concurrent activity. As used here, a process is simply
a parameterless procedure that beging execution at “the beginning of time” rather than being
invoked by a procedure call. A cyele statement represents the main body of a procgss and is
executed repeatedly forever.
The lack of variable array bounds in the language has been circumvented by treatmg frames as
if they are always of a single fixed size (which is never actually specified). The size ¢f a frame
depends on the size of its,data field, hence the value of the “pseudo-constant” frameSize should
be thought of as varying in the long-term, even though it is fixed for any given frame
The use of a variant\record to represent a frame (as fields and as bits) follows the spitit but not
the letter of the\Pascal Report, since it allows the underlying representation to be yiewed as
two different data types.
model makes‘no use of any explicit interprocess synchronization primitives. Instead/ all inter-

progess interaction is done by way of carefully stylized manipulation of shared variables. For exam-

ple,

some-variables are set by only one process and inspected by another process in such p manner

that the'net result is independent of their execution speeds. While such techniques are not|generally

suit|

ablefor the construction of large concurrent programs, they simplify the model and m¢re nearly

resemble the methods appropriate to the most likely implementation technologies (microcode, hard-

war:

¢ state-machines, etc.)

4.2.2.3 Organization of the Procedural Model. The procedural model used here is based on five
cooperating concurrent processes. Three are actually defined in the MAC sublayer. The remaining two pro-
cesses are provided by the clients of the MAC sublayer (which may include the LL.C sublayer) and utilize
the interface operations provided by the MAC sublayer. The five processes are thus:

(1) Frame Transmitter Process
(2) Frame Receiver Process
(3) = Bit Transmitter Process
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(4) Bit Receiver Process
(5) Deference Process

This organization of the model is illustrated in Fig 4-3 and reflects the fact that the communication of
entire frames is initiated by the client of the MAC sublayer; while the timing of collision backoff and of
individual bit transfers is based on interactions between the MAC sublayer and the Physical-Layer-
dependent bit time. '

(anormmnltw’ uc su‘BLAYER ( Framefiecelver )

{ N 7|V
v v |
TranemitDataEncap RecelveDataDecap |—|—— FRAMING
v ﬁuﬁ—" v
ComputePad | | CRC32 | | RecognizeAddress IE_%.%
29
TransmitLinkMgmt MEDIA AC(EESS SUBLAYER ReceiveLinkMgmt
7 7 e 7
Pammmj BackOft StartRaceive
StartTrensmit I—m“‘”“" MEDIUM
: MANAGEMENT
v
PhysicalEncap RealTimeDelay . Dectp
S k
e A

 TRANSMIT ><—  mecevE —>)|

‘ Fig 4-3
Relationship Among CSMA/CD Procedures

Figure 4-3)depicts the static structure of the procedural model, showing how the various [processes and

proced|ures interact by invoking each other. Figures 4-4 and 4-5 summarize the dynamic bghavior of the
model during transmission and reception, focusing on thﬂ@fmm‘b?pﬁm,—mﬁher than the
procedural structure that performs them. The usage of the shared state variables is not depicted in the fig-
ures, but is described in the comments and prose in the following sections.

4.2.2.4 Layer Management Extensions to Procedural Model. In order to incorporate network
management functions, this Procedural Model has been expanded beyond that in ISO/IEC 8802-3 : 1990.
Network management functions have been incorporated in two ways. First, 4.2.7-4.2.10, 4.3.2, and Fig 4-4
have been modified and expanded to provide management services. Second, Layer Management procedures
have been added as 5.2.4. Note that Pascal variables are shared between Sections 4 and 5. Within the Pas-
cal descriptions provided in Section 4, a “#” in the left margin indicates a line that has been added to sup-
port management services. These lines are only required if Layer Management is being implemented.
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These changes do not affect any aspect of the MAC behavior as observed at the LLC-MAC and MAC-PLS
interfaces of ISO/IEC 8802-3 : 1990.

The Pascal procedural specification shall be consulted for the definitive statement when there is any
apparent ambiguity concerning the definition of some aspect of the CSMA/CD MAC access method.

4.2.3 Frame Transmission Model. Frame transmission includes data encapsulation and Media Access
management aspects:

(1) Transmit Data Encapsulation includes the assembly of the outgoing frame (from the values pro-
vided by the LLC sublayer) and frame check sequence generation.

(2) Transmit Media Access Management includes carrier deference, interframe spacing, collision detec-
tion and enforcement, and collision backoff and retransmission.

4.2.3.1 Transmit Data Encapsulation

4.2.3.1.1 Frame Assembly. The fields of the CSMA/CD MAC frame are set tothe values provided
by the LLC sublayer as arguments to the TransmitFrame operation (see 4.3) with thie exceptipn of the pad-
cessary to enforce the minimum framesize and the frame check sequence ‘that is set to the CRC
nerated by the MAC sublayer. :

2.3.1.2 Frame Check Sequence Generation. The CRC value defined in 3.8 is generated and
insertefl in the frame check sequence field, following the fields supplied‘bythe LLC sublayer.

4.2.3.2 Transmit Media Access Management

.2.3.2.1 Carrier Deference. Even when it has nothing to transmit, the CSMA/CD C sublayer
monitots the physical medium for traffic by watching the carrierSense signal provided by th¢ PLS. When-
ever the medium is busy, the CSMA/CD MAC sublayer. defers to the passing frame by delaying any pending

If, at|/the end of the interFrameSpacing, a-frame is waiting to be transmitted, transmissign is initiated
independent of the value of carrierSense. When transmission has completed (or immediately if there was
nothing to transmit) the CSMA/CD MAE sublayer resumes its original monitoring of carrierSense.

When a frame is submitted by the LLC sublayer for transmission, the transmission is initiated as soon
as possjble, but in conformance witlythe rules of deference stated above.

NOTE: Il is possible for the PLS carrier'sense indication to fail to be asserted briefly during a collision on the media,|If the Deference
process simply times the interFrame gap based on this indication it is possible for a short interFrame gap to be generated, leading to
a potentipl reception failure of .a gubsequent frame. To enhance system robustness the following optional measurep, as specified in
4.2.8, ard recommended when. interFrame SpacingPart1 is other than zero:
(1) Upon kompleting a transmission, start timing the interpacket gap as soon as transmitting and carrierSense are bpth false. .
(2) When|timing an interFrame gap following reception, reset the interFrame gap timing if carrierSense becomes trup during the first
2/3 of the] interFrame gap timing interval. During the final 1/3 of the interval the timer shall not be reset to ensur:urair access to the

medium. JAn initial period shorter than 2/3 of the interval is permissible including zero.

4.2.3(2.2 Interframe Spacing. As defined in 4.2.3.2.1, the rules for deferring to pdssing frames
ensure [aminimum interframe spacing of interFrameSpacing seconds. This is intended to 1rovide inter-
frame recovery time for other CSMA/CDsublayersand for the physical medium:

Note that interFrameSpacing is the minimum value of the interframe spacing. If necessary for imple-
mentation reasons, a transmitting sublayer may use a larger value with a resulting decrease in its
throughput. The larger value is determined by the parameters of the implementation, see 4.4.

4.2.3.2.3 Collision Handling. Once a CSMA/CD sublayer has finished deferring and has started
transmission, it is still possible for it to experience contention for the medium. Collisions can occur until
acquisition of the network has been accomplished through the deference of all other stations’ CSMA/CD
sublayers.
The dynamics of collision handling are largely determined by a single parameter called the slot time.
This single parameter describes three important aspects of collision handling:
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(1) Itis an upper bound on the acquisition time of the medium.
(2) TItis an upper bound on the length of a frame fragment generated by a collision.
(3) Itis the scheduling quantum for retransmission.

To fulfill all three functions, the slot time shall be larger than the sum of the Physical Layer round-trip
propagation time and the Media Access Layer maximum jam time. The slot time is determined by the
parameters of the implementation, see 4.4.

4.2.3.2.4 Collision Detection and Enforcement. Collisions are detected by monitoring the colli-
sionDetect signal provided by the Physical Layer. When a collision is detected during a frame transmis-
sion, the transmission is not terminated immediately. Instead, the transmission continues until additional
bits specified by jamSize have been transmitted (counting from the time collisionDetect went on). This col-
lision enforcement or Jam guarantees that the duration of the colhsmn is sufﬁment to ensure its detection

y designed to be the 32-bit CRC value correspondlng to the (partlal) frame transmitt

.2.5 Collision Backoff and Retransmission. When a transmission attempt has términated
due to a collision, it is retried by the transmitting CSMA/CD sublayer until either-it'is successfulor a max-
imum number of attempts (attemptLimit) have been made and all have terminated due to collisjons. Note
that all attempts to transmit a given frame are completed before any subSequent outgoing flames are
transmitted. The scheduling of the retransmissions is determined by a controlled randomizatign process
called “truncated binary exponential backoff.” At the end of enforcing a“collision (jamming), the CSMA/CD
sublayer delays before attempting to retransmit the frame. The delay is an integer multiple of|slotTime.
The numbgr of slot times to delay before the nth retransm1ss1on attempt is chosen as a uniformly distrib-
uted randcin 1nteger 1 in the range:

0<r<2k
where

k = min (n, 10)
If all atte
ger r shoul
at any give
Note th
attempting]

mptLimit attempts fail, this event is reported as an error. Algorithms used to generate the inte-
 be designed to minimize the correlation between the numbers generated by any twp stations

time. ‘

the values given above define the most aggressive behavior that a station may exhibit in
to retransmit after.a collision. In the course of implementing the retransmission s¢heduling
procedure, a station may introduce extra delays that will degrade its own throughput, but in no cise may a
station’s refransmission scheduling result in a lower average delay between retransmission attempts than
the procedure defined above.

minimum

4.2.3.3
frame leng]

Minimum Frame Size. The CSMA/CD Media Access mechanism requires that a
th of minFrameSize bits be transmitted. If frameSize is less than minFrameSize,

CSMA/CD

MIP:C sublayer shall append extra bits in units of octets, after the end of the LLC datT
e —The number of extra bits sha.

prior to calculating, and appending,

then the
field but

€ suificient to ensure that the

frame, from the DA field through the FCS field inclusive, is at least minFrameSize bits. The content of the
pad is unspecified.

4.2.4 Frame Receptlon Model. CSMA/CD MAC sublayer frame reception includes both data decapsu-
lation and Media Access management aspects:

(1) Receive Data Decapsulation comprises address recognition, frame check sequence validation, and
- frame disassembly to pass the fields of the received frame to the LLC sublayer.
(2) Receive Media Access Management comprises recognition of collision fragments from incoming
frames and truncation of frames to octet boundaries.
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4.2.4.1 Receive Data Decapsulation

4.2.4.1.1 Address Recognition. The CSMA/CD MAC sublayer is capable of recognizing individual
and group addresses.

(1) Individual Addresses. The CSMA/CD MAC sublayer recognizes and accepts any frame whose DA
field contains the individual address of the station.

(2) Group Addresses. The CSMA/CD MAC sublayer recognizes and accepts any frame whose DA field
contains the Broadcast address.

The CSMA/CD MAC sublayer is capable of activating some number of group addresses as specified by
higher layers. The CSMA/CD MAC sublayer recognizes and accepts any frame whose Destination Address
field contains an active group address. An active group address may be deactivated.

11 to FCS gen-
a CRC value

1.2.4.1.2 Frame Check Sequence Validation. FCS validation is essentially identice
eratior]. If the bits of the incoming frame (exclusive of the FCS field itself) do not generate]
identical to the one received, an error has occurred and the frame is identified as invalid.

nd of the pre-
rame is disas-
neters of the

{.2.4.1.3 Frame Disassembly. Upon recognition of the Start Frame Delimiter at the ¢
sequence, the CSMA/CD MAC sublayer accepts the frame. If there areno errors, the fi
d and the fields are passed to the LLC sublayer by way of the output paran
bFrame operation.

amble
semble
Receiv
4.2.4.2 Receive Media Access Management
1.2.4.2.1 Framing. The CSMA/CD sublayer recognizes’the boundaries of an inconjing frame by
monitoring the carrierSense signal provided by the PLS:There are two possible length enrors that can
occur, that indicate 111-framed data: the frame may be too’long, or its length may not be an integer number
of octets.

he frame size
this event as

Maximum Frame Size. The receiving CSMA/CD sublayer is not required to enforce
limit, but it is allowed to truncate framesJonger than maxFrameSize octets and report
an (implementation-dependent) errox:

Integer Number of Octets in Frame.\ Since the format of a valid frame specifies an int
pctets, only a collision or an error can produce a frame with a length that is not an in
pf 8 bits. Complete frames (that is, not rejected as collision fragments; see 4.2.4.2.2) that do not con-
tain an integer number.-of-octets are truncated to the nearest octet boundary. If| frame check
kequence validation deteets an error in such a frame, the status code alignmentError 1s reported.

D

2

eger number of
jeger multiple

2.4.2.2 Collision Filtering. The smallest valid frame shall be at least one slotTime in length.
termines the minFrameSize. Any frame containing less than minFrameSize bits is presumed to be

This d
a fragment resulting from a collision. Since occasional collisions are a normal part of the Media Access

manag

4.2.5

ement procedure, the discarding of such a fragment is not reported as an error to the I

Preamble Generation. In a LAN implementation, most of the Physical Layer co

allowe d

LL.C sublayer.

mponents are
ignals. Thus it

to prov1de vahd output some number of b1t times after being presented Vahd 1nput si

T, : each its steady-
state. Upon request by Transm1tL1nkMgmt to transmlt the ﬁrst b1t of a new frame Phys1caIS1gna1Encap
shall first transmit the preamble, a bit sequence used for physical medium stablhzatlon and synchroniza-
tion, followed by the Start Frame Delimiter. If, while transmitting the preamble, the PLS asserts the colli-
sion detect signal, any remaining preamble bits shall be sent. The preamble pattern is:

10101010 10101010 10101010 10101010 10101010 10101010 10101010
The bits are transmitted in order; from left to right. The nature of the pattern is such that, for Manches-

ter encoding, it appears as a periodic waveform on the medium that enables bit synchronization. It should
be noted that the preamble ends with a “0.”
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4.2.6 Start Frame Sequence. The PLS recognizes the presence of activity on the medium through the
carrier sense signal. This is the first indication that the frame reception process should begin. Upon recep-
tion of the sequence 10101011 immediately following a latter part of the preamble pattern, PhysicalSignal-
Decap shall begin passing successive bits to ReceiveLinkMgmt for passing to the LLC sublayer.

4.2.7 Global Declarations. This section provides detailed formal specifications for the CSMA/CD MAC
sublayer. It is a specification of generic features and parameters to be used in systems implementing this
media access method. Subsection 4.4 provides values for these sets of parameters for recommended imple-
mentations of this media access mechanism.

4.2.7.1 Common Constants and Types. The following declarations of constants and types are used
by the frame transmission and reception sections of each CSMA/CD sublayer:

const
addressSize = ... ; {16 or 48 bits in compliance with 3.2.3}
lenpthSize = 16; {in bits)
LL{dataSize = ...; (LLC Data, see 4.2.2.2, (1)(c))
padSize = ...; {in bits, = max (0, minFrameSize — (2 x addressSize + lengthSize + LLCdataSize +
crcSize))}.
dataSize = ...; {= LLCdataSize + padSize}

creBize = 32; {32 bit CRC = 4 octets) ‘
frameSize = ...; {= 2 X addressSize + lengthSize + dataSize + crcSize, see 4.2.2.2(1)}
minFrameSize = ... ; {in bits, implementation-dependent, see 4.4}
slotTime = ... ; (unit of time for collision handling, implementation-dependent, see 4.4}
preambleSize = ... ; {in bits, physical-medium-dependent}
sfdBize = 8; {8 bit start frame delimiter}
hedderSize = ...; {sum of preambleSize and sfdSize}
type
Bit|= 0..1;

AddressValue = array [1..addressSize] of Bit;
LengthValue = array [1..lengthSize] of Bit;
DataValue = array [1..dataSize] of Bit;
CR[Value = array [1..crcSize] of Bit;
PrdambleValue = array [1..preambleSize] of Bit;
SfdValue = array [1..sfdSize] of Bit;
ViewPoint = (fields, bits); {Two.ways to view the contents of a frame}
HeaderViewPoint = (headerFields, headerBits);
Frame = record {Format.of Media Access frame}
dase view: ViewPoint of
fields: (
destinationField: AddressValue;
sourceField: AddressValue;
lengthField: LengthValue;
ddtaField: DataValue;
fcsField: CRCValue);
bits: (contents: array [1..frameSize] of Bit)
end; {Frame}
Header = record {Format of preamble and start frame delimiter}
case headerView : HeaderViewPoint of '
headerFields : (
preamble : PreambleValue;
sfd : SfdValue);
headerBits : (
headerContents : array [1..headerSize] of Bit)
end; {defines header for MAC frame}

57


https://iecnorm.com/api/?name=f1be158f1b5e8fd7304e79a44c09d06a

ISO/IEC 8802-3 : 1993

ANSI/IEEE Std 802.3, 1993 Edition

4.2.7.2 Transmit State Variables. The following items are specific to frame transmission. (See also

44))

const

interFrameSpacing = ... ; {minimum time between frames}

interFrameSpacingPartl= ...;{duration of first portion of interFrame timing. In range 0 up to 2/3

interFrameSpacing}

interFrameSpacingPart2= ...;(duration of remainder of interFrame timing. Equal

interFrameSpacing — interFrameSpacingPart1}
attemptLimit = ... ; {Max number of times to attempt transmission}
backOffLimit =... ; {Limit on number of times to back off}

LOCAL AND METROPOLITAN AREA NETWORKS:

jamSize = ... ; {in bits: the value depends upon medium and collision detect implementation}

I

vl‘

"
A’

U4

4.2,

(1) [The inferface to the LLC sublayer, defined in 4.3.2, is summarized below:

type

¥
¥

outgoingFrame: Frame; {The frame to be transmitted}
outgoingHeader: Header;

currentTransmitBit, lastTransmitBit: 1..frameSize;
{Positions of current and last outgoing bits in outgoingFrame}
lastHeaderBit: 1..headerSize;

deferring: Boolean; {Implies any pending transmission must wait for,the medium to dlear}

frameWaiting: Boolean; {Indicates that outgoingFrame is deferring}
attempts: 0..attemptLimit; {Number of transmission attempts on.outgoingFrame}

newCollision: Boolean; {Indicates that a collision has occurred.but has not yet been jammed}

transmitSucceeding: Boolean; {Running indicator of whether transmission is succeed]

r

incomingFrame: Frame; {The frame being received}

currentReceiveBit: 1..frameSize; {Position of current bit in incomingFrame}
receiving: Boolean; {Indicates that a framéreception is in progress}

excessBits: 0..7; {Count of excess trailing-bits beyond octet boundary}
receiveSucceeding: Boolean; {Running indicator of whether reception is succeeding}
validLength: Boolean; {Indicator of whether received frame has a length error}

exceedsMaxLength Boolean; {Indicator of whether received frame has a length longer than the

maximum permitted length}

7.4 Summary of Interlayer Interfaces

TransmitStatus = (transmitDisabled, transmitOK, excessiveCollisionError);
{Result of TransmitFrame operation}

ReceiveStatus = (receiveDisabled, receiveOK, frameTooLong, frameCheckError, lengt]

alignmentError); {Result of ReceiveFrame operation}

ng}

2.7.3 Receive State Variables. The following items arespecific to frame reception. (See also 4.4.)

hError,

function TransmitFrame (

destinationParam: AddressValue;

sourceParam: AddressValue;

lengthParam: LengthValue;

dataParam: DataValue): TransmitStatus; {Transmits one frame}

function ReceiveFrame (

var destinationParam: AddressValue;
var sourceParam: AddressValue;
var lengthParam: LengthValue;
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var dataParam: DataValue): ReceiveStatus; {Receives one frame}
(2) The interface to the Physical Layer, defined in 4.3.3, is summarized below:

var
carrierSense: Boolean; {Indicates incoming bits}
transmitting: Boolean; {Indicates outgoing bits}
wasTransmitting: Boolean; {Indicates transmission in progress or just completed}
collisionDetect: Boolean; {Indicates medium contention}

procedure TransmitBit (bitParam: Bit); {Transmits one bit}

function ReceiveBit: Bit; {Receives one bit}

procedure Wait (bitTimes: integer); {Waits for indicated number of bit-times}

4.2.7.5 State Variable Initialization. The procedure Initialize must be run when the MA( sublayer

begins operation, before any of the processes begin execution. Initialize sets certain crucial'shared state
variables tp their initial values. (All other global variables are appropriately reinitialized before each use.)
Initialize then waits for the medium to be idle, and starts operation of the various processes.

If Layer|Management is implemented, the Initialize procedure shall only be calléd as the regult of the

. initializeMAC action (5.2.2.2.1).

procedure Initialize;

receiving := false;

while carrierSense do nothing;

{Start execution of all processes}
end; {[nitialize}

4.2.8 Frame Transmission. The algorithms.in this section define MAC sublayer frame transmission.
The functign TransmitFrame implements the frame transmission operation provided to the LLC |sublayer:

function TransmitFrame (
degtinationParam: AddressValae;
sourceParam: AddressValué,

lengthParam: LengthValue;
. datiaParam: DataValug):\ TransmitStatus;
procedure TransmitDataEncap; ... {nested procedure; see body below)

else TransmitFrame := transmitDisabled
end; {TransmitFrame}

If transmission is enabled, TransmitFrame calls the internal procedure TransmitDataEncap to construct
the frame. Next, TransmitLinkMgmt is called to perform the actual transmission. The TransmitStatus
returned indicates the success or failure of the transmission attempt.

TransmitDataEncap builds the frame and places the 32-bit CRC in the frame check sequence field:

procedure TransmitDataEncap;

begin
with outgoingFrame do
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begin {assemble frame}
view := fields;
destinationField := destinationParam;
sourceField := sourceParam,;
lengthField := lengthParam;
dataField := ComputePad (lengthparam, dataParam);
fesField := CRC32(outgoingFrame);
view := bits
end {assemble frame}
with outgoingHeader do
begin
headerView := headerFields;
preamble = ...; {* <1010...10,’ LSB to MSB*}

—sfd = 10101011, ESB to MSBH
headerView := headerBits
end

d; {TransmitDataEncap}

butePad appends an array of arbitrary bits to the LLCdataField to pad the frame to
ize.

fulnction ComputePad(

bd
en

Tran,
oceurs,

var lengthParam:LengthValue
var dataParam:DataValue) :DataValue;

gin
ComputePad := {Append an array of size padSize of arbitrary bits to the LLCdataField)}
d;{ComputePadParam}

smitLinkMgmt attempts to transmit the frame; deferring first to any passing traffic,

interv

/i
b

transmission is terminated properly and retransmission is scheduled following a su

ction TransmitLinkMgmt: TransmitStatus;
in
attempts := 0; transmitSucceeding":= false;
lateCollisionCount := 0;
deferred := false; {initialize}
excessDefer := false;
while(attempts < attemptLimit) and (not transmitSucceeding)do
begin {loop}
if attempts >-0.then BackOff,
frameWaiting/.= true;
lateCollisionError ;= false;
while-déferring do {defer to passing frame, if any}
begin
nothing;

deferred := true;

end,
frameWaiting := false;
StartTransmit;
~ while transmitting do WatchForCollision;
if lateCollisionError then lateCollisionCount := lateCollisionCount + 1;
attempts := attempts+1
end; {loop}
if transmitSucceeding then TransmitLinkMgmt := transmitOK
else TransmitLinkMgmt := excessiveCollisionError; ‘
LayerMgmtTransmitCounters; {update transmit and transmit error counters in 5.2. 4
end; {TransmitLinkMgmt}
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Each time a frame transmission attempt is initiated, StartTransmit is called to alert the BitTransmitter
process that bit transmission should begin:

procedure StartTransmit;

begin
currentTransmitBit := 1;
lastTransmitBit := frameSize;
transmitSucceeding := true;
transmitting := true;
lastHeaderBit := headerSize

end; {StartTransmit}

Once frame transmission has been initiated, TransmitLinkMgmt monitors the medium for contention by
repeatedlyfcalling WatchForCollision:

procedure WatchForCollision;
begin
if transmitSucceeding and collisionDetect then
begin :
f currentTransmitBit > (minFrameSize — headerSize) then
lateCollisionError := true; ' '
newCollision := true;
transmitSucceeding := false
end : :
end; {(WatchForCollision}

WatchFdrCollision, upon detecting a collision, updates newCollision to ensure proper jamming by the
BitTransmiitter process. The current transmit bit number.is‘checked to see if this is a late colli;E)n. If the
collision occurs later than a collision window of 512 bit {imes into the packet, it is considered as eyidence of
a late collision. The point at which the collision is received is determined by the network mediq propaga-
tion time and the delay time through a station and, as such, is implementation-dependent (see 4(1.2.2). An
implementation may optionally elect to end retransmission attempts after a late collision is detegted.

After transmission of the jam has been completed, if TransmitLinkMgmt determines. thal another
attempt shiould be made, BackOff is called to schedule the next attempt to retransmit the frame.

var maxBackOff: 2..1024; {WorkingVariable of BackOff}
procedure BackOff,
begin
if attempts = 1 then maxBackOff = 2
else if attempts < backOffLimit
thep maxBackOff :=maxBackOff x 2;
Walit(slotTime-X:Random(0, maxBackOff))
end; {BackOff} '

function Random (low, high: integer): integer;
begin

Random :=".. Tuniformly distributed random integer r such that Tow <r < high]
end; {Random}

BackOff performs the truncated binary exponential backoff computation and then waits for the selected
multiple of the slot time.

The Deference process runs asynchronously to continuously compute the proper value for the variable
deferring.

process Deference;

begin
cycle{main loop)
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while not carrierSense do nothing; {watch for carrier to appear}
deferring := true; {delay start of new transmissions}
wasTransmitting := transmitting;
while carrierSense or transmitting then
© wasTransmitting := wasTransmitting or transmitting;
if wasTransmitting do
begin
StartRealTimeDelay; {time out first part interframe gap)
while RealTimeDelay(interFrameSpacingPart1) do nothing
end '
else
begin
StartRealTimeDelay;

Fepeat
while carrierSense do StartRealTimeDelay
until not RealTimeDelay(interFrameSpacingPart1)
end,;
StartRealTimeDelay; {time out second part interframe gap)
while RealTimeDelay(interFrameSpacingPart2) do nothing;
deferring := false; {allow new transmissions to proceed}
while frameWaiting do nothing; {allow waiting transmission df any}
end {main loop}
end; {Deference}

procedure StartRealTimeDelay
begin ;

{reset the realtime timer and start it timing}
end; {StartRealTimeDelay}

function RealTimeDelay (usec:real): Boolean;

begin '
{return the value true if the specified number of microseconds have
not elapsed since the most recent invocation of StartRealTimeDelay,
otherwise return the value false}

end; {RealTimeDelay}

The BitTransmitter process runs-asynchronously, transmitting bits at a rate determined by

Layer’q TransmitBit operation:

prnocess BitTransmitter;
begin
cycle {outerloop}
if tranSmitting then
begin {inner loop}
PhysicalSignalEncap; {Send preamble and start of frame delimiter}
while transmitting do

y the Physical

begin

if newCollision then StartJam else NextBit
end;
end; {inner loop}

end; {outer loop}
end; {BitTransmitter}
procedure PhysicalSignalEncap;
begin

while currentTransmitBit < lastHeaderBit do

begin
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TransmitBit(outgoingHeader[currentTransmitBit]); {transmit header one bit at a time}
currentTransmitBit := currentTransmitBit + 1;
end
if newCollision then StartJam else
currentTransmitBit ;= 1
end; {PhysicalSignalEncap}

procedure NextBit;
begin
currentTransmitBit := currentTransmitBit + 1;
transmitting :=(currentTransmitBit < lastTransmitBit)
end; {NextBit}

procédure StartJam,;

begi.
currentTransmitBit := 1;
lagtTransmitBit := jamSize;
ngwCollision := false

end; [(StartJam}

BitTransmitter, upon detecting a new collision, immediately enforces it by calling startJam|to initiate
the transmission of the jam. The jam should contain a sufficient number of bits of arbitrary dath so that it
is assured that both communicating stations detect the collision. (StartJam uses the first set of| bits of the
frame up to jamSize, merely to simplify this program.) :

4.2.9 Frame Reception. The algorithms in this section define CSMA/CD Media Access sublayer frame
reception.,
The propedure ReceiveFrame implements the frame reception operation provided to the LLC sublayer:

function ReceiveFrame (

var destinationParam: AddressValue;

var sourceParam: AddressValue;

var lengthParam: LengthValue;

var dataParam: DataValue): ReceiveStatus;

function ReceiveDataDecap: ReceiveStatus; ... {nested function; see body below)

if receiveEnabled then

repeat

ReceiveLinkMgmt;

ReceiveFrame ;='ReceiveDataDecap;
until receiveSucceeding

elie

ReceiveFrame := receiveDisabled
; {(Re¢eiveFrame)

If enabled, ReceiveFrame calls ReceiveLinkMgmt to receive the next valid frame, and then calls the
internal procedure ReceiveDataDecap to return the irame’s fields to the LLC sublayer if the frame’s
address indicates that it should do so. The returned ReceiveStatus indicates the presence or absence of
detected transmission errors in the frame.

function ReceiveDataDecap: ReceiveStatus;

3 var status: ReceiveStatus; {holds receive status information}

begin

t with incomingFrame do

i begin

3 view := fields;

receiveSucceeding := RecognizeAddress (incomingFrame, destinationField);
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receiveSucceeding := LayerMgmtRecognizeAddress (destinationField);
T if receiveSucceeding then
begin {disassemble frame}
destinationParam := destinationField;
sourceParam := sourceField;
lengthParam := lengthField;
dataParam := RemovePad (lengthField, dataField);
exceedsMaxLength := ...; {check to determine if receive frame size exceeds the maximum
permitted frame size (maxFrameSize)}
if exceedsMaxLength then status := frameTooLong;

else ‘
if fesField = CRC32 (incomingFrame) then
begin
¥ if validLength ther: status = receiveOK
kA else status := lengthError
end
else -
begin P
¥ if excessBits = 0 then status := fram%‘)}i/ckErrOr
k3 else status := alignmentError; -
end;
LayerMgmtReceiveCounters(status);
{update receive and receive error counters in 5.2.4.3}
view. ;= bits
end {disassemble frame}
¥ end {with incomingFrame}
I ReceiveDataDecap := status;

enfl; {ReceiveDataDecap}

function RecognizeAddress (address: AddressValue): Boolean;
begin :

RecognizeAddress := ... {Returns true for the set of physical, broadcast, and mylticast-group
addresse§’corresponding to this station}

enfd;{RecognizeAddress}

funhction RemovePad(
var lengthParam:LengthValue
var dataParam:DataValue):DataValue;

begin ‘
validLength :%~ {Check to determine if value represented by lengthParam matches received
LLCdataSize};
if validLéngth then

RemovePad := {truncate the dataParam (when present) to value represented by lengthParam
(in octets) and return the result}

else

RemovePad := dataParam

end; (RemovePad]

ReceiveLinkMgmt attempts repeatedly to receive the bits of a frame, discarding any fragments from col-
lisions by comparing them to the minimum valid frame size:

procedure ReceiveLinkMgmt;
begin
repeat
StartReceive;
while receiving do nothing; {wait for frame to finish arriving}
excessBits := frameSize mod 8;
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frameSize := frameSize — excessBits; {truncate to octet boundary}
receiveSucceeding := (frameSize > minFrameSize); {reject collision fragments}
until receiveSucceeding
end; {ReceiveLinkMgmt}

procedure StartReceive;

begin

currentReceiveBit := 1;
receiving := true
end; {StartReceive)

The BitReceiver process runs asynchronously, receiving bits from the medium at the rate determined by

the Physicgl-layer’sReeeiveBit-operation:

proces
van

begin
cyc

[}

li
i

é
fl

end,
end; {]

proceq
begin
{Re
ret
end; {1

4.2.10 Cq
to generate

s BitReceiver;
b: Bit;

e {outer loop)

phile receiving do

egin {inner loop}

¥ currentReceiveBit = 1 then

PhysicalSignalDecap; {Strip off the preamble and start frame/delimiter}

b := ReceiveBit; {Get next bit from physical Media Access}

if earrierSense then

begin{append bit to frame}
incomingFrame[currentReceiveBit] := b;
currentReceiveBit := currentReceiveBit + 1

end; {append bit to frame}

receiving ;= carrierSense

nd {inner loop}

rameSize := currentReceiveBit — 1

{outer loop)

BitReceiver}

ure PhysicalSignalDecap;
reive one bit at a-time from physical medium until a valid sfd is detected, discard
urn}

PhysicalSignalDecap}

mmon Procedures. The function CRC32 is used by both the transmit and receive al
a 32-bit"CRC value:

function-CRC32 (f: Frame): CRCValue;
begin :
CR(C32 := {The 32-bit CRC }

end; {CRC32}

Purely to

enhance readability, the following procedure is also defined:

procedure nothing; begin end;

The idle
procedure.

state of a process (that is, while w

65

bits, émd

gorithms

aiting for some event) is cast as repeated calls on this


https://iecnorm.com/api/?name=f1be158f1b5e8fd7304e79a44c09d06a

ISO/IEC 8802-3 : 1993
ANSVIEEE Std 802.3, 1993 Edition LOCAL AND METROPOLITAN AREA NETWORKS:

4.3 Interfaces to/from Adjacent Layers

4.3.1 Overview. The purpose of this section is to provide precise definitions of the interfaces between the
architectural layers defined in Section 1 in compliance with the Media Access Service Specification given in
Section 2. In addition, the services required from the physical medium are defined.

The notation used here is the Pascal language, in keeping with the procedural nature of the precise MAC
sublayer specification (see 4.2). Each interface is described as a set of procedures or shared variables, or
both, that collectively provide the only valid interactions between layers. The accompanying text describes
the meaning of each procedure or variable and points out any implicit interactions among them.

Note that the description of the interfaces in Pascal is a notational technique, and in no way implies that
they can or should be implemented in software. This point is discussed more fully in 4.2, that provides com-
plete Pascal declarations for the data types used in the remainder of this section. Note also that the “syn-
chronous” (one frame at a time) nature of the frame transm1ss1on and receptlon operatlons is a property of

e betwee : IAC s ed in the imple-

mentafion mterface between a station and its sublayer

4.3.2 Services Provided by the MAC Sublayer. The services provided to the 'LLC syblayer by the
MAC gublayer are transmission and reception of LLC frames. The interface through which|the LLC sub-
layer yses the facilities of the MAC sublayer therefore consists of a pair of functions.

Fungtions:
TransmitFrame
ReceiveFrame

Eail of these functions has the components of a LLC frame. as its parameters (input or output), and
returng a status code as its result. Note that the service_class defined in 2.3.1 is ignored by CSMA/CD
MAC.

The [LLC sublayer transmits a frame by invoking TransmitFrame:

function TransmitFrame (

destinationParam: AddressValue;
sourceParam: AddressValue;
lengthParam: LengthValue;

dataParam: DataValue): TransmitStatus;

The [TransmitFrame operation is synchronous. Its duration is the entire attempt to transmit the frame;
when the operation completes, transmission has either succeeded or failed, as indicated by|the resulting
status [code:

type TransmitStatus = (transmitOK, excessiveCollisionError);
i tjpe TransmitStatus = (transmitDisabled, transmitOK, excess1veColhs1onError)

The transmitDisabled status code indicates that the transmitter is not enabled. Successfull transmission
is indi¢ated by .the status code transmittOK; the code excessiveCollisionError indicates that [the transmis-
sion attempt was aborted due to the excessive collisions, because of heavy traffic or a network failure.

- The LLCsublayer accepts incoming frames by invoking ReceiveFrame:

function ReceiveFrame (
var destinationParam: AddressValue;
var sourceParam: AddressValue;
var length Param: LengthValue;
var dataParam: DataValue): ReceiveStatus;

The ReceiveFrame operation is synchronous. The operation does not complete until a frame has been
received. The fields of the frame are delivered via the output parameters with a status code:

type ReceiveStatus = (receiveOK, lengthError, frameCheckError, alignmentError);
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i type Receive Status = (receiveDisabled, receive OK, frameTooLong, frameCheck Error, length Error,
alignmentError);

The receiveDisabled status indicates that the receiver is not enabled. Successful reception is indicated by
the status code receiveOK. The frameTooLong error indicates that a frame was received whose frameSize
was beyond the maximum allowable frame size. The code frameCheckError indicates that the frame
received was damaged by a transmission error. The lengthError indicates the lengthParam value was
inconsistent with the frameSize of the received frame. The code alignmentError indicates that the frame
received was damaged, and that in addition, its length was not an integer number of octets.

4.3.3 Services Required from the Physical Layer. The interface through which the CSMA/CD MAC
sublayer uses the facilities of the Physical Layer consists of a function, a pair of procedures and three Bool-
ean variables,

Function: Procedures: Variables:
ReceiveBit TransmitBit collisionDetéct
Wait carrierSense
transmitting

During transmission, the contents of an outgoing frame are passed from the MAC sublayer to the Physi-
cal Layer by way of repeated use of the TransmitBit operation:

procedure TransmitBit (bitParam: Bit);

Each inyocation of TransmitBit passes one new bit of the outgoing frame to the Physical Layer. The
TransmitBit operation is synchronous. The duration of the operation is the entire transmission |of the bit.
The operation completes, when the Physical Layer is ready tolaccept the next bit and it transferq control to
the MAC gublayer.

The overall event of data being transmitted is s1gna1ed to the Physical Layer by way of the variable
transmitting:

var trangmitting: Boolean;

Before spnding the first bit of a frame, the MAC sublayer sets transmitting to true, to inform the Physi-
cal Media Access that a stream of bits will.be presented via the TransmitBit operation. After the|last bit of
the frame has been presented, the MAC,sublayer sets transmitting to false to indicate the end of the frame.

The presence of a collision in the physical medium is SIgnaled to the MAC sublayer by the variable colli-
sionDetect;

var collisionDetect: Boolean;

The collisionDetect signal remains true during the duration of the collision.

NOTE: Since|an entire collision may occur during preamble generation, the MAC sublayer shall handle this possibility by monitoring
collisionDete¢t concurrently with its transmission of outgoing bits. See 4.2 for details.

The coll s1onDetect 31gna1 is generated only durmg transmlssmn and is never true at any othér time; in
particular,lit-ean ame : pns-between-o ping-trafsmissions
from two or more other statlons

During reception, the contents of an incoming frame are retrieved from the Physical Layer by the MAC
sublayer via repeated use of the ReceiveBit operation:

function ReceiveBit: Bit;

Each invocation of ReceiveBit retrieves one new bit of the incoming frame from the Physical Layer. The
ReceiveBit operation is synchronous. Its duration is the entire reception of a single bit. Upon receiving a
bit, the MAC sublayer shall immediately request the next bit until all bits of the frame have been received.
(See 4.2 for details.)
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The overall event of data being received is signaled to the MAC sublayer by the variable carrierSense:

var carrierSense: Boolean;

When the Physical Layer sets carrierSense to true, the MAC sublayer shall immediately begin retrieving
the incoming bits by the ReceiveBit operation. When carrierSense subsequently becomes false, the MAC
sublayer can begin processing the received bits as a completed frame. Note that the trueffalse transitions of
carrierSense are not defined to be precisely synchronized with the beginning and end of the frame, but may
precede the beginning and lag the end, respectively. If an invocation of ReceiveBit is pending when carri-
erSense becomes false, ReceiveBit returns an undefined value, which should be discarded by the MAC sub-

layer. (See 4.2 for details.)

The MAC sublayer shall also monitor the value of carrierSense to defer its own transmissions when the

medium is busy.

The Physical Layer also provides the procedure Wait:

prgcedure Wait (bitTimes: integer);

time [intervals in units of the (physical-medium-dependent) bit time.
ther important property of the Physical Layer, which is an implicit partof the interfs
the C sublayer, is the round-trip propagation time of the physical medium. Its value
maximum time required for a signal to propagate from one end of thesetwork to the other
sion to propagate back. The round-trip propagation time is primarily (but not entirely) a
- physical size of the network. The round-trip propagation time of the Physical Layer is defi
selection of physical media.

4.4 Specific Implementations

4.4{1 Compatibility Overview. To provide total compatibility at all levels of the standar:

s procedure waits for the specified number of bit times. This allows the MAC sublayer to measure

ce presented to
represents the
and for a colli-
function of the
ned in 4.4 for a

d, it is required

that gach network component implementing the GSMA/CD MAC sublayer procedure adheres rigidly to

these| specifications. The information provided ifi 4.4.2.1 below provides design parameter
implementation of this access method. Variations from these values result in a system i
that vYiolates the standard.

s for a specific
mplementation
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4.4.2 Allowable Implementations

4.4.2.1 Parameterized Values. The following table identifies the parameter values that shall be
used in the 10 Mb/s implementation of a CSMA/CD MAC procedure. The primary assumptions are that the
physical medium is a baseband coaxial cable with properties given in the Physical Layer section(s) of this

standard.

Parameters Values
slotTime 512 bit times
interFrameGap 9.6 us
attemptLimit 16
backofftimit 10
jamSize 32 bits
maxFrameSize 1518 octets
minFrameSize 512 bits (64 octets)

. addressSize ‘48 bits

WARNING: Any deviation from the above plans specified for a 10-Mb/s system may affect proper
operati¢n of the LAN.

See also[DTE Deference Delay in 12.9.2,

4.4.2.2 Parameterized Values. The following parameter values shall be used for 1BASES implemen-

tations:

Parameters Values
slotTime 512 bit times
interFrameGap 96 us
attemptLimit 16

. backoffLimit 10
jamSize 32 bits
maxFrameSize 1518 octets
minFrameSize 512 bits (64 octets)
addressSize 48 bits

See also DTE Deference Delay in 12.9.2.

WARNING: Any deviation from the above specified values may affect proper operation of the network.
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5. Layer Management

5.1 Introduction. This section provides the Layer Management specification for networks based on the
CSMA/CD access method. It defines facilities comprised of a set of statistics and actions needed to provide
Layer Management services. The information in this chapter should be used in conjunction with the
Procedural Model defined in 4.2.7-4.2.10. The Procedural Model provides a formal description of the

relationship between the CSMA/CD Layer Entities and the Layer Management facilities.

This Layer Management specification has been developed in accordance with the OSI management
architecture as specified in the ISO Management Framework document, ISO/IEC 7498-4:1989 [20]. It is
independent of any particular management application or management protocol.

The manjagement facilities defined in this standard may be accessed both locally and remotely.

Layer Man
accessed rd

In CSMA
operations
carrier sen|
of the prot
cussed in t

At this t
repeaters g

5.1.1 Systems Management Overview. Within the ISO Open Systems Interconnection (OSI

ture, the n|

se and collision detection mechanisms. Since these activities are necegsary for normal
beol, they are not considered to be a function of Layer Management and are therefore not dis-

lagement specification provides facilities that can be accessed from within a station
motely by means of a peer management protocol operating between application entitit
\/CD no peer management facilities are necessary for initiating or terminating norms
or for handling abnormal protocol conditions. The monitoring of these activities is dg

his section.
ime, this standard does not include management facilities that address the unique f{
r of LOBROAD36 broadband MAUs.

ties and
These nee

The sys
cation Ent

required for the exchange of information between systems on a network, This Layer Management

is indepeng
The SMA
architectun
ration, Fau
Configur

aiisting in their harmonious operations, as well ag handling abnormal conditions, is r

s are collectively addressed by the systems management component of the OSI archit
ms management component may conceptually-be subdivided into a System Managem
ty (SMAE) and Layer Management Entities (LMEs). In addition, a Management K

lent of any particular Management Pretocol.
\E is concerned with the management of resources and their status across all layers ¢
e. The System Management Application facilities have been grouped into five entities
1t, Performance, Security, and Accounting.

down of co

munication facilities. Itis also concerned with the naming of these resources and thej

lationship hs part of a communication system. Fault Management is concerned with detection,
and correcfion of abnormal operations. Performance Management is concerned with evaluating t
ior and theleffectiveness of the communication activities. Security Management is concerned with

ing the infegrity and.controlling access to the communication facilities. Accounting Manag

concerned
tariffs for

e use of communication resources.

Thus, the
or can be
S,

1 protocol
ne by the
operation

batures of

architec-

cognized.
cture.

ent Appli-
rotocol is
standard

ped to handle the special problems of initializing, terminating, and monitoring on-going activi-

f the OSI
Configu-

ation and Name Management is concerned with the initialization, normal operation, and close-

r interre-
isolation,
he behav-
| monitor-
ement is

ith enabling charges to be established and cost to be assigned and providing informhation on

This Laypr Management standard, in conjunction with the Layer Management standards of other layers,
provides the means for the SMAE to perform 1ts various functlons Layer Management collects information
needed by th AE to exer-

cise control over those layers ThlS Layer Management standard is 1ndependent of any spec1ﬁc SMAE

The SMAE has a conceptual interface to an LME concerned with the actual monitoring and control of a
specific layer. The LME interfaces directly only with the SMAE, to whom it provides Layer Management
facilities.

Strictly, only those management activities that imply actual exchanges of information between peer enti-
ties are pertinent to OSI architecture. Therefore, only the protocols needed to conduct such exchanges are
candidates for standardization. As a practical matter, however, the specification of the Layer Management
facilities provided across the conceptual Layer Management Interface (LMI) between the LME and SMAE
is required. Standardization of these facilities will make practical the use of higher layer protocols for the
control and maintenance of LANSs.
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There are two interfaces that relate the various management entities. These are as follows:

(1) The conceptual Layer Management Interface between the SMAE and LME.

(2) The normal layer service interface for peer-to-peer communication.

The relationship between the various management entities and the layer entities according to the ISO
Model is shown in Fig 5-1.

fmmmmmm e mm == — ===
[
1 System Management
' Application Entity
. (SMAE)
L oh e e e m o mm - ———— 1
’ '
_____ ; .
‘ ! o
; f 1 LLC : 1
Logical Link Control . LME !
! 1
Layer 2 1 1
\ LMI l
Media Access Control : MAC !
CSMA/CD X LME T
: '
————— I I
1 1
Physical Layer : Physical LMt
Layer 1 CSMACD X IME [,
! 1
. 1
i
Medium :
Fig 5-1

Relationéhip Between the Various Management Entities
and Layer Entities According to the ISO Open Systems Interconnection
(OSI) Reference Model :

The cpnceptual LMI between the SMAE and the LME will be described in this standard in|terms of the
Layer Managenient facilities provided. It is particularly important that these facilities be defined because
they mgy be indirectly requested on behalf of a remote SMAE. The use of this specification by other man-
agemenr mecHanisms is not precluded. - ‘

5.1.2 Layer Management Model. The Layer Management facilities provided by the CSMA/CD MAC
and Physical Layer LMEs, using the conceptual LMI, enable the SMAE to manipulate management
counters and initiate actions within the layers. The LMI provides a means to monitor and control the facil-
ities of the LMEs.

The CSMA/CD MAC/Physical Layer LMEs, in order to support the above facilities, offer a set of statistics
and actions that constitute the conceptual LMI. The client of the LME (i.e., the SMAE) is thus able to read
these statistics and to execute actions. ,

It is by executing these actions that the SMAE can cause certain desired effects on the MAC or Physical
Layer Entities. The precise semantics of the relationship between the CSMA/CD Layer Entities and the
Layer Management facilities are defined in 4.2.7-4.2.10 and in 5.2.4.
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5.2 Management Facilities

5.2.1 Introduction. This section of the standard defines the Layer Management facilities for the IEEE
802.3 CSMA/CD MAC and Physical Layers. The intent of this standard is to furnish a management specifi-
cation that can be used by the wide variety of different devices that may be attached to a network spec1ﬁed
by ISO/IEC 8802-3. Thus, a comprehensive list of management facilities is provided.

The improper use of some of the facilities described in this section may cause serious disruption of the
network. It should be noted that access to these facilities can only be obtained by means of the SMAE. To
avoid duplication by each LME, and in accordance with ISO management architecture, any necessary secu-
rity provisions should be provided by the SMAE. This can be in the form of specific SMAE security features
or in the form of security features provided by the peer-to-peer communication facilities used by the SMAE

The statistics and actions are categorized into the three classifications defined as follows:

Mandnfrry—-.qhaﬂ he implemented
. Recommended—Should be implemented if possible.
Optionall-May be implemented.

All counters defined in this specification are wraparound counters. Wraparound counters are atLhose that
automaticglly go from their maximum value (or final value) to zero and continue’ to operate. These
unsigned cpunters do not provide for any explicit means to return them to their minimum (zero), i.e., reset.
Because of|their nature, wraparound counters should be read frequently enoughto avoid loss of informa-
tion.

5.2.2 MAC Sublayer Management Facilities. This section of the standard defines the Layer Manage-
ment facilities specific to the MAC sublayer.

5.2.2.1|MAC Statistics. The statistics defined in this sectioniare implemented by means of cpunters.
In the following definitions, the term “Read only” specifiescthat the object cannot be written to by the cli-
ent of the IME,
Frame fragments are not included in any of the statisties in this section unless otherwise stateg.
The Lay¢r Management Model in 5.2.4 and the Pascal Procedural Model in 4.2.7-4.2.10 defines the
semantics ¢f these statistics in terms of the behavior-of the MAC sublayer,

5.2.211.1 MAC Transmit Statistics Descriptions

(1) Numnber of framesTransmittedOK: Mandatory, Read.only, 32 bit counter.
Thiq contains a count of frames:that are successfully transmitted. This counter is incremenited when
the [TransmitStatus is reported as transmitOK. The update occurs in the LayerMgmtTransmit-
Counters procedure (5.2.4.2).

(2) Nunpber of singleCollisionFrames: Mandatory, Read only, 32 bit counter.
Thid contains a count;of frames that are involved in a single collision and are subsequently trans-

ed successfully.-This counter is incremented when the result of a transmission is reported as

smitOK and-the attempt value is 2. The update occurs in the LayerMgmtTransmitiCounters

(3) Number of multipleCollisionFrames: Mandatory, Read only, 32 bit counter.

contains a count of frames that are involved in more than one collision and are subs

equently
= nsmit us-is reported as

transmltOK and the value of the attempts variable is greater than 2 and less than or equal to
attemptLimit. The update occurs in the LayerMgmtTransmitCounters procedure (5.2.4.2).

(4) Number of collisionFrames: Recommended Read only, Array [1. attemptlelt — 1] of 32 bit
counters.
This array provides a histogram of collision activity. The indices of this array
(1 to attemptLimit — 1) denote the number of collisions experienced in transmitting a frame. Each
element of this array contains a counter that denotes the number of frames that have experienced a
specific number of collisions. When the TransmitStatus is reported as transmitOK and the value of
the attempts variable equals n, then collisionFrames[n—1] counter is incremented. The elements of
this array are incremented in the LayerMgmtTransmitCounters procedure (5.2.4.2).
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(5) Number of octetsTransmittedOK: Recommended, Read only, 32 bit counter.
This contains a count of data and padding octets of frames that are successfully transmitted. This
counter is incremented when the TransmitStatus is reported as transmitOK. The update occurs in
the LayerMgmtTransmitCounters procedure (5.2.4.2).

(6) Number of Frames with deferredTransmissions: Recommended, Read only, 32 bit counter.

" This contains a count of frames whose transmission was delayed on its first attempt because the
medium was busy. This counter is incremented when the Boolean variable deferred has been
asserted by the TransmitLinkMgmt function (4.2.8). Frames involved in any collisions are not
counted. The update occurs in the LayerMgmtTransmitCounters procedure (5.2.4.2).

(7) Number of multicastFramesTransmittedOK: Optional, Read only, 32 bit counter.

This contains a count of frames that are successfully transmitted, as indicated by the status value
transmitOK, to a group destination address other than broadcast. The update occurs in the Layer-
MgmtTransm1tCounters procedure (5 2 4.2),

8

Th1s contamsa count of the frames that were successfully transmitted as indicated by the Trans-
mitStatus transmitOK, to the broadcast address. Frames transmitted to multicast| addresses are
not broadcast frames and are excluded. The update occurs in the LayerMgmtTransmijtCounters pro-

cedure (5.2.4.2).

5.2.2.1.2 MAC Transmit Error Statistics Descriptions. This section defines the MAC sublayer
transmission related error statistics.

(1) | Number of lateCollision: Recommended Read only, 32 bit counter.
This contains a count of the times that a collision has beencdetected later than 512 bif times into the
transmitted packet. A late collision is counted twice, i.e,, both as a-collision and as & lateCollision.
This counter is incremented when the lateCollisionCotint variable is nonzero. The ypdate is incre-
mented in the LayerMgmtTransmitCounters procedure (5.2.4.2).
(2) | Number of frames aborted due to excessiveCollision: Recommended, Read only, 32 bi counter.

This contains a count of the frames that due tp.excessive collisions are not transmitted successfully.
This counter is incremented when the value'of the attempts variable equals attemptfimit during a
transmission. The update occurs in the LayerMgmtTransmitCounters procedure (5.2|4.2).

(3) | Number of frames lost due to internal MACTransmitError; Recommended, Read only,|32 bit counter.
This contains a count of frames that-would otherwise be transmitted by the station, bt could not be
sent due to an internal MAC sublayer transmit error. If this counter is incremented, then none of
the other counters in this section are incremented. The exact meaning and mechapism for incre-
- | menting this counter is implementation-dependent.

(4) | Number of carrierSenseErrors: Recommended, Read only, 32 bit counter.
This contains a count of times that the carrierSense variable was not asserted or was deasserted
during the transmission of a frame without collision (see 7.2.4.6). This counter is incremented when
the carrierSenseFailure flag is true at the end of transmission. The update occurs in the LayerMg-
mtTransmitCounters procedure (5.2.4.2).

(5) | Number of frames with excessiveDeferral: Optional, Read only, 32 bit counter.
This contains a count of frames that were deferred for an excessive period of time. This counter may
only be'incremented once per LLC transmission. This counter is incremented when the excessDefer
flagis.set. The update occurs in the LayerMgmtTransmitCounters procedure (5.2.4.2).

5.92.1.3 MAC Receive Statistics Descripti

(1) Number of framesReceivedOK: Mandatory, Read only, 32 bit counter.
This contains a count of frames that are successfully received (receiveOK). This does not include
frames received with frame-too-long, FCS, length or alignment errors, or frames lost due to internal
MAC sublayer error. This counter is incremented when the ReceiveStatus is reported as receiveOK.

: The update occurs in the LayerMgmtReceiveCounters procedure (5.2.4.3). :

(2) Number of octetsReceivedOK: Recommended, Read only, 32 bit counter.
This contains a count of data and padding octets in frames that are successfully received. This does
not include octets in frames received with frame-too-long, FCS, length or alignment errors, or
frames lost due to internal MAC sublayer error. This counter is incremented when the result of a
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reception is reported as a receiveOK status. The update occurs in the LayerMgmtReceiveCounters
procedure (5.2.4.3).

Number of multicastFramesReceivedOK: Optional, Read only, 32 bit counter.

This contains a count of frames that are successfully received and are directed to an active non-
broadcast group address. This does not include frames received with frame-too-long, FCS, length or
alignment errors, or frames lost due to internal MAC sublayer error. This counter is incremented as
indicated by the receiveOK status, and the value in the destinationField. The update occurs in the
LayerMgmtReceiveCounters procedure (5.2.4.3).

Number of broadcastFramesReceivedOK: Optional, Read only, 32 bit counter.

This contains a count of frames that are successfully received and are directed to the broadcast
group address. This does not include frames received with frame-too-long, FCS, length or alignment
errors, or frames lost due to internal MAC sublayer error. This counter is incremented as indicated
by the receiveOK status, and the value in the destinationField. The update occurs in the LayerMg-

mtReceiveCounters procedure (5.2.4.3)
5.2.2.1.4 MAC Receive Error Statistics Descriptions. This section defines thee MA( sublayer

réception related error statistics. Note that a hierarchical order has been established such'that when mul-
tiple error|statuses can be associated with one frame, only one status is returned to the LLC. This hierar-

chy in desdending order is as follows:

frameTopLong
alignmentError
frameCheckError
lengthExror

The follgwing counters are primarily incremented based on the'status returned to the LLC, vand there-

fore the higrarchical order of the counters is determined by the-order of the status.

ey
@

(3)

(4)

)

(6)

Number of frames received with frameCheckSequeneeErrors: Mandatory, Read only, 32 bit counter.
This$ contains a count of frames that are an integral number of octets in length and do nof pass the
FCS3 check. This counter is incremented when‘the ReceiveStatus is reported as frameCheckError.
The update occurs in the LayerMgmtReceive€Counters procedure (5.2.4.3).

Nuihber of frames received with alignmentErrors: Mandatory, Read only, 32 bit counter.
This contains a count of frames that are not an integral number of octets in length and d¢ not pass
the [FCS check. This counter is incrémented when the ReceiveStatus is reported as alignmentError.
Thel update occurs in the LayerMgmtReceiveCounters procedure (5.2.4.3). ,
Number of frames lost due to ihternalMACReceiveError: Recommended, Read only, 32 bit|counter.
This contains a count of frames that would otherwise be received by the station, but cowld not be
accgpted due to an internal MAC sublayer receive error. If this counter is incremented, thén none of
the jother counters in this section are incremented. The exact meaning and mechanism |for incre-
menting this countér is implementation-dependent.
Number of frames received with inRangeLengthErrors: Optional, Read only, 32 bit counter.
This containg @a’count of frames with a length field value between the minimum unpadded (LLC data
size| and the.maximum allowed LI.C data size, inclusive, that does not match the numbpr of LLC
data octets.received. The counter also contains frames with a length field value less than|the mini-
mum unpadded LLC data size. The update occurs in the LayerMgmtReceiveCounters procedure
(5.24-3)-
Number of frames received with outOfRangeLengthField: Optional, Read only, 32 bit counter.

This contains a count of frames with a length field value greater than the maximium allowed LLC
data size. The update occurs in the LayerMgmtReceiveCounters procedure (5.2.4.3).

Number of frames received with frameTooLongErrors: Optional, Read only, 32 bit counter.

This contains a count of frames that are received and exceed the maximum permitted frame size.
This counter is incremented when the status of a frame reception is frameTooLong. The update
occurs in the LayerMgmtReceiveCounters procedure (5.2.4.3).

5.2,2.2 MAC Actions, This subsection defines the actions offered by the MAC sublayer to the LME

client.
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These actions enable the LME client to influence the behavior of the MAC sublayer, i.e., to execute
“actions” on the MAC sublayer for management purposes. Many of the following actions enable or disable
some function; if either the enable or disable action is implemented, the corresponding disable or enable
action must also be implemented. If the enable/disable action is supported, then its corresponding read
action must also be supported.

In implementing any of the following actions, receptions and transmissions that are in progress are com-
pleted before the action takes effect.

The security considerations related to the followmg actions should be properly addressed by the SMAE.

The items in parenthesis in the descriptions are the procedures that are affected by these actions.

@
2)

3)

4)

(5)

(6)

(N
8)

)]

(10

(11

5.2.2.2.1 MAC Action Definitions

initializeMAC: Mandatory ,
—Call the Initialize procedure (4.2.7.5). 1 his action also resuttsim the initiatization of |
enablePromiscuousReceive: Recommended
Cause the LayerMgmtRecognizeAddress function to accept frames regardless-of tH
address (LayerMgmtRecognizeAddress function).
Frames without errors received solely because this action is set are counted as fram
rectly; frames received in this mode that do contain errors update the-appropriate er
disablePromiscuousReceive: Recommended
Cause the MAC sublayer to return to the normal operation of carrying out address 1
cedures for station, broadcast, and multicast group addresses.\(LayerMgmtRecogniz
tion).
readPromiscuousStatus: Recommended
Return true if promiscuous mode enabled, and false othierwise (LayerMgmtRecogniz
tion).
addGroupAddress: Recommended
Add the supplied multicast group address to the‘address recognition filter (Recognize
tion).
deleteGroupAddress: Recommended
Delete the supplied multicast group address from the address recognition filter (Re
function).
readMulticastAddressList: Recommeénded
Return the current multicast address list.
enabléMacSublayer: Optional
Cause the MAC sublayer toenter the normal operational state at idle. The PLS is res
ation (see 7.2.2.2.1). This is accomplished by setting receiveEnabled and transmitEn
disableMacSublayer: Optional ‘k
Cause the MAC sublayer to end all transmit and receive operations, leaving it in a
This is accomplished by setting receiveEnabled and transmitEnabled to false.
readMACEnableStatus: Optional

values(ofithe receiveEnabled and transmitEnabled variables.

enableTransmit: Optional .
Enable MAC sublayer frame transmission (TransmitFrame function). This is accon

the PLS.
eir destination

bs received cor-
ror counters.

ecognition pro-
eAddress func-
eAddress func-

dAddress func-

cognizeAddress

et by this oper-
abled to true.

disabled state.

Return true if MAC sublayer is enabled, and false if disabled. This is accomphshed by checking the

plished by set-

tizfle transmitEnabled to true.

(12) disableTransmit: Optional
Inhibit the transmission of further frames by the MAC sublayer (TransmitFrame function). This is

accomplished by setting transmitEnabled to false.

(13) readTransmitEnableStatus: Optional
Return true if transmission is enabled and false otherwise. This is accomplished by checking the

value of the transmitEnabled variable.

(14) enableMulticastReceive: Optional
Cause the MAC sublayer to return to the normal operation of multicast frame reception.

(15) disableMulticastReceive: Optional

Inhibit the reception of further multicast frames by the MAC sublayer.
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(16) readMulticastReceiveStatus: Optional

Return true if multicast receive is enabled, and false otherwise.
(17) modifyMACAddress: Optional

Change the MAC station address to the one supplied (RecognizeAddress function). Note that the

supp.

lied station address shall not have the group bit set and shall not be the null address.

(18) readMACAddress: Optional
Read the current MAC station address.
(19) executeSelftest: Optional :
Execute a self test and report the results (success or failure). The mechanism employed to carry out

the s

elf test is not defined in this standard.

5.2.3 Physical Layer Management Facilities. This section of the standard defines the Layer Manage-
ment facilities for the Physical Layer.

5.2.3.1
counters.
In the fol
of the LME
Note that
maintained

5.2.3,

(1) Numpber of SQETestErrors: Recommended, Read only, 328 bit counter.

This
is sef
rier §

5.2.4 Lay
ment facilit

5.2.4.1
for the Laye

const
max

maxDeferTime = ...; {2 X (maxFrameSize x 8), in bits, error timer limit for maxDeferTime

max

max64 = xxxxxxxxx; {Maximum value (254 — 1) of wraparound 64 bit counter}

onel

type
Cou

5.2.4.2
sion:

owing definition, the term “Read only” specifies that the object cannot be written by 4

in the MAC sublayer for ease of implementation.

1.1 Physical Statistics Descriptions

contains a count of times that the SQE_TEST_ERROR was received. The SQE_TEST
in accordance with the rules for verification of the SQE detection mechanism in the ]

Bense Function (see 7.2.4.6). '

es.

Common Constants and Types. Thefollowing are the common constants and types

r Management procedures:

FrameSize = ...; {in octets, implementation-dependent, see 4.4}

Large = 42949672955 ({maximum value (232 — 1) of wraparound 32 bit counter}

BitTime = 1; {the period it takes to transmit one bit}

hterLarge'< 0..maxLarge--See footnote.;

Transmit Variables and Procedures. The following items are specific to frame ¢

Physical Statistics. Thek statistics defined in this section are implemented by Jneans of

he client

the carrierSenseFailed statistic is a statistic relating to the physicallayer, but is listed and

| ERROR
PL.S Car-

er Management Model. The following model provides the descriptions for Layer [Manage-

required

ransmis-

var

excessDefer: Boolean; {set in process DeferTest}

carrierSenseFailure: Boolean; {set in process CarrierSenseTest)
transmitEnabled: Boolean; {set by MAC action}

lateCollisionError: Boolean; {set in Section 4 procedure WatchForCollision}
deferred: Boolean; {set in Section 4 function TransmitLinkMgmt)}
carrierSenseTestDone: Boolean; {set in process CarrierSenseTest}

832 bit counter size specification is not a part of this ISO/IEC standard. Resolution of 32 vs. 64 bit counter size will be addressed
during the further work required to develop this section into a specification sufficient for ISO/IEC interoperability requirements.
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lateCollisionCount: 0..attemptLimit — 1; {count of late collision that is used in Section 4
TransmitLinkMgmt}

{MAC transmit counters}
framesTransmittedOK: CounterLarge; {mandatory}
singleCollisionFrames: CounterLarge; {mandatory}
multipleCollisionFrames: CounterLarge; {mandatory}
collisionFrames: array [1..attemptLimit — 1] of CounterLarge; {recommended}
octetsTransmittedOK: CounterLarge; {recommended}
deferredTransmissions: CounterLarge; {recommended}
multicastFramesTransmittedOK: CounterLarge; {optional}
broadcastFramesTransmittedOK: CounterLarge; {optional}
{MAC transmit error counters}
—]:ateeol'hsml Counter ucu. ge, u cuuuuucudcu T
excessiveCollision: CounterLarge; {recommended}
carrierSenseErrors: CounterLarge; {optional}
excessiveDeferral: CounterLarge; {optional}

Profedure LayerMgmtTransmitCounters is invoked from the TransmitLinkMgmt function in 4.2.8 to
update the transmit and transmit error counters. : .

procedure LayerMgmtTransmitCounters;

Yegin

while not carrierSenseTestDone do nothing;

if transmitSucceeding then

begin
IncLargeCounter(framesTransmitted OK);
SumLarge(octetsTransmittedOK, dataSize/8); {dataSize (in bits) is defined in 4.2.7.1}

if destinationField = ... {check to see if to a:multicast destination}
then IncLargeCounter(multicastFramesTransmittedOK);
if destinationField = ... {check to see.if t0 a broadcast destination}

then IncLargeCounter(broadcastFramesTransmitted OK);

if attempts > 1 then
begin {transmission delayed.by collision}
if attempts = 2 then
IncLargeCounter(singleCollisionFrames) {delay by 1 collision}
else {attempts > 2;-delayed by multiple collisions}
IncLargeCounter(multipleCollisionFrames)
IncLargeCounter(collisionFrames[attempts - 1]);
end; {delay'by collision}
end; (transmitSucceeding}

if deferred and (attempts = 1) then
IncLargeCounter(deferredTransmissions);
iflateCollisionCount > 0 then {test if late collision detected}
—Suﬁargeéla’ceeoﬁman—}ateeﬂl-hs;w@uuuw,
if attempts = attemptLimit and not transmitSucceeding then
- IncLargeCounter(excessiveCollision);
if carrierSenseFailure then
IncLargeCounter(carrierSenseErrors);
if excessDefer then
IncrementLargeCounter(excessiveDeferral);
end; {LayerMgmtTransmitCounters}

The DeferTest process sets the excessDefer flag if a transmission attempt has been deferred for a period
of time longer than maxDeferTime.
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process DeferTest;

var
begin

deferBitTimer: 0..maxDeferTime;

cycle
begin
deferCount := 0;
while frameWaiting and not excessDefer do

begin

Wait(oneBitTime); {see 4.3.3}
if deferBitTimer = maxDeferTime then
excessDefer := true

else
deferBitTimer := deferBitTimer + 1;

end; {cycle}
end; {DeferTest}

The CarrierSenseTest process sets the carrierSpenseFailure flag if carrier sense-disappears wh
itting or if it never appears during an entire transmission.

proce
var]
g

begin
cycle {main loop}

’nuZ, {whﬂr:} -
hile transmitting do nothing;

CarrierSenseTest;

arrierSeen: Boolean; {Running indicator of whether or not-carrierSense has been tri
time during the current transmission)
ollisionSeen: Boolean; {Running indicator of whether or not the collisionDetect ass
time during the entire transmission}

hile not transmitting do nothing; {wait for start of transmission}

rrierSenseFailure ;= false;

rrierSeen := false;

1lisionSeen ;= false;
carrierSenseTestDone := false;

hile transmitting do
gin {inner loop)

if carrierSense then
carrierSeen := true;

else
if carrierSeen then {carrierSense disappeared before end of transmission}

carrierSenseFailure := true;
if collisionBetect then
collisionSeen := true;
nd; {innerloop}
not(carrierSeen then

S 9

ile trans-

he at any

erted any

carrierSenseFailure := true {carrier sense never appeared}

else
if collisionSeen then
carrierSenseFailure := false;

carrierSenseTestDone := true;

end; {main loop}

end

; {CarrierSenseTest)

5.2.4.3 Receive Variables and Procedures. The following items are specific to frame reception:

var

receiveEnabled: Boolean; {set by MAC action}
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{MAC receive counters}
framesReceivedOK: CounterLarge; {mandatory}
octetsReceivedOK: CounterLarge; {recommended}

{MAC receive error counters}
frameCheckSequenceErrors: CounterLarge; {mandatory)
alignmentErrors: CounterLarge; {mandatory}
inRangeLengthErrors: CounterLarge; {optional}
outOfRangeLengthField: CounterLarge; {optional}
frameTooLongErrors: CounterLarge; {optional}

{MAC receive address counters}
multicastFramesReceivedOK: CounterLarge; {optional}

—broadeastFramesReceivedOK Counterbargefoptional}——————————

Prdcedure LayerMgmtReceiveCounters is called by ReceiveLinkMgmt in 4.2.9 @nd increments the
apprdpriate receive counters.

procedure LayerMgmtReceiveCounters (status: ReceiveStatus);
begin ‘
case status of
receiveDisabled:
begin
nothing;
end {receiveDisabled}
receiveOK:
begin
IncLargeCounter(framesReceived OK);
SumLarge(octetsReceivedOK, dataSize/8); {dataSize (in bits) is defined in 4.2.7.1}

if destinationField = ... {check to see if to a multicast destination}
then IncLargeCounter(multicastFramesReceivedOK);
if destinationField = ... {check to see if to a broadcast destination}

then IncLargeCounter(broadcastFramesReceivedOK);
end; {receiveOK}
frameTooL.ong:
begin
IncLargeCounter(frameTooLongErrors);
end; {frameTooLong}
frameCheckError:
begin
IncLargeCounter(frameCheckSequenceErrors);
end,; {frameCheckError}
‘alignmentError:
begin :
IncLargeCounter(alignmentErrors);
end; {alignmentError}
lengthError:
begin
if {length field value is between the minimum unpadded LLCDataSize and maximum allowed
LLCDataSize inclusive, and does not match the number of LLC data octets received} or
{length field value is less than the minimum allowed unpadded LL.C data size and the number
of LLC data octets received is greater than the minimum unpadded LLCDataSize} then
IncLargeCounter(inRangeLengthError);
end; {lengthError}
end; {case status}
if {length field value is greater than the maximum allowed LLCDataSize} then
IncLargeCounter(outOfRangeLengthField);
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end; {LayengmtRe_ceiveCounters}

Function LayerMgmtRecognizeAddress checks if reception of certain addressing types has been enabled.
Note that in Pascal, assignment to a function causes the function to return immediately.

function LayerMgmtRecognizeAddress(address: AddressValue): Boolean;
begin
if {promiscuous receive enabled} then
LayerMgmtRecognizeAddress := true;
if address = ... {MAC station address} then
LayerMgmtRecognizeAddress := true;
if address = ... {broadcast address} then

LayerMgmtRecognizeAddress ;= true;

ifladdress = ... {one of the addresses on the multicast list and multicast reception is efiabled} then
LayerMgmtRecognizeAddress := true;
LayerMgmtRecognizeAddress := false;
end;|{{LayerMgmtRecognizeAddress}

5.2.444 Common Procedures. Procedure LayerMgmtlInitialize initializes-all the variablés and con-
stants required to implement Layer Management.

procedure LayerMgmtlnitialize;
begi
{iIitialize flags for enabling/disabling transmission and reception}
receiveEnabled := true; ‘

transmitEnabled := true;

{initialize transmit flags for DeferTest and CarrierSenseTest)
deferred := false;

lateCollisionError := false;

exicessDefer := false;

carrierSenseFailure := false;

carrierSenseTestDone := false;

{Initialize all MAC sublayer management counters to zero}
end; [LayerMgmtInitialize}

Proc¢dure IncLargeCounter increments a 32 bit wraparound counter.
procddure IncLargeCounter (var counter: CounterLarge);
begi
{increment the 32 bit counter)
end; {IncLargeCounter}

Procedure Large ac
procedure SumLarge (
var counter: CounterLarge;
var offset: Integer);
begin
{add offset to the 32 bit counter}
end; {SumLarge)

81


https://iecnorm.com/api/?name=f1be158f1b5e8fd7304e79a44c09d06a



https://iecnorm.com/api/?name=f1be158f1b5e8fd7304e79a44c09d06a

ISO/IEC 8802-3 : 1993
ANSV/IEEE Std 802.3, 1993 Edition

6. PLS Service Specifications

6.1 Scope and Field of Application. This section specifies the services provided by the Physical
‘Signaling (PLS) sublayer to the MAC sublayer for the CSMA/CD section of the Local Area Network
Standard, Fig 6-1. The services are described in an abstract way and do not 1mp1y any particular
1mplementat10n

LAN

osl
REFERENCE MODEL CSMA/CD
" LAYERS LAYERS
APPLICATION ' HIGHER LAYERS
PRESENTATION LLC
/ | LOGICAL LINK CONTROL
‘ /
« MAC
SESSION - /’ MEDIA ACCESS CONTROL| &—DTE &y
/ (AUl noé)
expose
TRANSPORT /o, 7 | PHYSICAL SIGNALING _
— r . ] :
NETWORK / : :
/ : Ul
’ : :
DATA LINK / . | ]
PMA MAU
PHYSICAL B
- 1 DI
§ MEDIUM é
AUl = ATTACHMENT.UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT
MDI = MEDIUM DEPENDENT INTERFAGE
PMA = PHYSICAL MEDIUM ATTACHMENT

Fig 6-1
Service Specification Relationship to the IEEE 802.3 CSMA/CD LAN Model
6.2 Overvyiew of the Service
6.2.1 General Description of Services Provided by the Layer. The services provided Ry the PLS
sublayer allow the local MAC sublayer entity to exchange data bits (PLS data_units) with peer| MAC sub-

layer entities.

6.2.2 Mpdel UsedAfor the Service Specification. The model used in this service specificatiop is identi-
cal to that used in\1:2.2.1.

6.2.3 Oyeryiew of Interactions. The primitives associated with the MAC sublayer to PLB sublayer
interface gnmmmmm

(1) Service primitives that support MAC peer-to-peer interactions
(2) Service primitives that have local significance and support sublayer-to-sublayer interactions

The following primitives are grouped into these two categories:
(1) Peer-to-Peer

PLS_DATA request
PLS_DATA indication ’
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(2) Sublayer-to-Sublayer
PLS_CARRIER.indication
PLS_SIGNAL.indication

The PLS_DATA primitives support the transfer of data from a single MAC sublayer entity to all other
peer MAC sublayer entities contained within the same local area network defined by the broadcast

medium.
NOTE: This also means that all bits transferred from a given MAC sublayer entity will in turn be received by the entity itself.

The PLS_CARRIER and the PLS_SIGNAL primitives provide information needed by the local MAC sub-
layer entity to perform the media access functions.

6.2.4 Basic Services and Options. Al of the service primitives described in this section are considered
mandagter ¥

6.3 D]lailed Service Specification
6.3.1] Peer-to-Peer Service Primitives
6.3.1.1 PLS_DATA.request

6.3.1.1.1 Function. This primitive defines the transfer of data from the MAC sublayer to the local
PLS entity.

6.3.1.1.2 Semantics of the Service Primitive. The primitive shall provide the following
parameters:

PLS|DATA request (OUTPUT_UNIT)

The PUTPUT_UNIT parameter can take on one of three values: ONE, ZERO, or DATA | COMPLETE
and r(;ge‘sent a single data bit, The DATA_COMPLETE value signifies that the Media Access Control sub-
layer has no more data to output.

.3.1.1.3 When Generated. This primitive is generated by the MAC sublayer to requpst the trans-
mission of a single data bit on the physical medium or to stop transmission.

.3.1.1.4 Effect of Receipt. The receipt of this primitive will cause the PLS entity fo encode and
transmit either a single data bit or to cease transmission.

6.3.1.2 PLS_DATA.indicate

.3.1.2.1 Function, This pr1m1t1ve defines the transfer of data from the PLS sublayer to the MAC
sublayer. ~ ;

.31.22 Semantics of the Service Primitive. The semantics of the primitive are as|follows:

PLS_DATA indicate INPUT_UNIT)
The INPUT._UNIT parameter can take one of two values each representing a single bit: ONE or ZERO.

6.3.1.2.3 When Generated. The PLS_DATA indicate is generated to all MAC sublayer entities in
the network after a PLS_DATA request is issued.

NOTE: An indicate is also presented to the MAC entity that issued the request.

6.3.1.24 Effect of Receipt. The effect of receipt of this primitive by the MAC sublayer is
unspecified.
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6.3.2 Sublayer-to-Sublayer Service Primitives

6.3.2.1 PLS_CARRIER.indicate

6.3.2.1.1 Function. This primitive transfers the status of the activity on the physical medium from
the PLS sublayer to the MAC sublayer.

6.3.2.1.2 Semantics of the Service Primitive. The semantics of the primitive are as follows:

PLS_CARRIER.indicate (CARRIER_STATUS)

The CARRIER_STATUS parameter can take one of two values: CARRIER_ON or CARRIER_OFF. The

CARRIER ON value 1nd1cates that the DTE Phys1ca1 Layer had recelved an znput message or a
signal_que g h z o-DTE Physical

Layer had recelved an mput zdle message and is not recewmg an SQE szgnal_qualtty error/message from
the MAUL

6.3.2.1.3 When Generated. The PLS_CARRIER.indicate service primitive is géneratefl whenever
CARRIER_STATUS makes a transition from CARRIER_ON to CARRIER_OFT or(vice versa.

6.3.2.14 Effect of Recelpt The effect of receipt of this primitive by the MAC sublayer is
unspecified.

6.3.212 PLS_SIGNAL.indicate

6.3.2.2.1 Function. This primitive transfers the status of the Physical Layer signal quality from the
PLS sublayer to the MAC sublayer.

6.3.2.2.2 Semantics of the Service Primitive. The semantics of the service primitive are as
follows:

PLS_SIGNAL.indicate (SIGNAL_STATUS)

The SIGNAL_STATUS parameter can take one of two values: SIGNAL_ERROR or NO_SI{GNAL_ER-
ROR. Th¢ SIGNAL_ERROR value indicates to the MAC sublayer that the PLS has received a sjgnal_qual-
ity_error message from the MAU. The NO_SIGNAL_ERROR value indicates that the PLS hajs ceased to
receive signal_quality_error messages-from the MAU.

6.3.2.2.3 When Generated. The PLS_SIGNAL.indicate service primitive is generated whenever
SIGNAL_| STATUS makes atransition from SIGNAL_ERROR to NO_SIGNAL_ERROR or vice yersa.

6.3.2.2.4 Effect of Receipt. The effect of receipt of this primitive by the MAC sublayer is
unspecified.
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7. Physical Signaling (PLS) and Attachment Unit Interface (AUI) Specifications

7.1 Scope. This section defines the logical, electrical, and mechanical characteristics for the PLS and AUI
between Data Terminal Equipment and Medium Attachment Units used in CSMA/CD local area networks.’
The relationship of this specification to the entire ISO [IEEE] Local Area Network standards is shown in
Fig 7-1. The purpose of this interface is to provide an interconnection that is simple and inexpensive and
that permits the development of simple and inexpensive MAUs.

LAN

oSl
REFERENCE MODEL CSMA/CD
LAYERS LAYERS
APPLICATION *  HIGHER LAYERS
PRESENTATION LLC
/ | LOGICAL LINK CONTROL
/
' ' MAC
SESSION , /" |MEDIA ACGESS GONTROL S BT S pre
(AUl not
TRANSPORT exposed)
NETWORK :
4———AUl
DATA LINK .
PMA MAU
PHYSICAL _
- = = 11 MDI
5o MEDLM 4
AUl = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT
MDI = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT
Fig 7-1
Phygical Layer Partitioning; Relationship to the ISO Open Systems Interconnection
(OSI) Reference Model
This intprface has the following characteristics:
(1) Capable of supporting one or more of the specified data rates
(2) Capable of driving up to 50 m (164 ft) of cable
(3) Pernmits the DTE to test the AUI, AUI cable, MAU, and the medium itself
(4) Supports MAUs for baseband coax, broadband coax, and baseband fiber

7.1.1 Definitions

Attachment Unit Interface (AU Interface) (AUI). In a local area network, the interface between the
medium attachment unit and the data terminal equipment within a data station.

NOTE: The AUI carries encoded control and data signals between the DTE’s PLS sublayer and the MAU’s PMA sublayer and provides
for duplex data transmission.

BR. The rate of data throughput (bit rate) on the medium in bits per second.

bit time. The duration df one bit symbol (1/BR).
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circuit. The physical medium on which signals are carried across the AUIL The data and control circuits
consist of an A circuit and a B circuit forming a balanced transmission system so that the signal carried on
the B circuit is the inverse of the signal carried on the A circuit.

Clocked Data One (CDl) 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.

Clocked Data Zero (CDO0). A Manchester encoded data “0.” A CDO is encoded as a HI for the first half of
the bit-cell and a LO for the second half of the bit-cell.

Control Signal One (CS1). An encoded control signal used on the Control In and Control Out circuits. A

CS1is

Contr;
CSO0is

idle (I
of a frg

with a

requir¢d to detect IDL within 1.6 bit times. See 7.3 for additional details.

7.1.2 Summary of Major Concepts

1)
(2)

3

encoded as a signal at half the bit rate (BR/2).

encoded asa s1gna1 at the b1t rate (BR)

DL). A signal condition where no transition occurs on the transmission line is used to
me and ceases to exist after the next LO to HI transition on the AUI circuits,’An IDL.
HI signal level. A driver is required to send the IDL signal for at least 2-bif times ang

and “Control.”
The Data and Control circuits are independently self-clocked thereby, eliminating the
arate timing circuits. This is accomplished with encoding of all signals. The Control cix
rate is nominally (but not of necessity exactly) equalto the Data circuit signaling rate
The Data circuits are used only for data transfer. No control signals associated with
are passed on these circuits. Likewise, the Control circuits are used only for control n

and Control Out circuits. A

define the end

hlways begins
1 a receiver is

Each direction of data transfer is serviced with two (making-atotal of four) balanced circuits: “Data”

need for sep-
cuit signaling

the interface
essage trans-

fer. No data signals associated with the interface are passed on these circuits.

7.1.8 Application. This standard applies t6 the interface used to interconnect Data Termi

1 Equipment
(DTE) T

to a MAU that is not integrated as a-physical part of the DTE. This interface is used t

aseband fiber

(1) [Provide the DTE with media jindependence for baseband coax, broadband coax, and b
media so that identical PLS,;-MAC and LLC may be used with any of these media.

(2) [Provide for the separation/by cable of up to 50 m (164 ft) the DTE and the MAU.

7.1.4 Modes of Operation. The AUI can operate in two different modes. All interfaces shall support the
normal mode. The monitor mode is optional.

Whehn the interface.is being operated in the normal mode, the AUI is logically connected to
DTE id required to-follow the media access algorithms, which provide a single access proced
with all local .area network media, to send data over the AUl The MAU always sends ba
whatever data the MAU receives on the MDI.

When the 1nterface is 1n the optlonal momtor mode, the MAUs transmltter is loglcally iso

the MDI. The
e compatible
to the DTE

ated from the
pction and the
signal quahty error function are operatlonal (see the MAU state dlagrams for specxﬁc details).

7.1.5 Allocation of Function. The allocation of functions in the AUI is such that the majority of the
functionality required by the interface ¢an be provided by the DTE, leaving the MAU as simple as possible.
This division of functions is based upon the recognition of the fact that since, in many cases, the MAU may
be located in an inaccessible location adjacent to the physical medium, service of the MAU may often be dif-
ficult and expensive.

7.2 Functional Specification. The AUI is designed to make the differences among the various media as
transparent as possible to the DTE. The selection of logical control signals and the functional procedures
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are all designed to this end. Figure 7-2 is a reference model, a generalized MAU as seen by the DTE

through the AUL
DATA OUT o ,\ °

‘/T MEDIUM

CONTROL OUT ISOLATE

CONTROL IN SIGNAL
QUALITY

DATA IN - : <]

NOTE: The AUI (comprised of DO, DI, CO, Cl circuits) is not exposed
when the MAU is, optionally, part of the DTE.

Fig 7-2
Generalized MAU Model

Many pf the terms used in this section are specific to.the interface between this sublayer and the MAC
sublayer| These terms are defined in the Service Specification for the PLS sublayer.

7.2.1 PLS-PMA (DTE-MAU) Interface Protocol. The DTE and MAU communicate by|means of a
simple protocol across the AUI

7.2.1.1 PLS to PMA Messages, The following messages can be sent by PLS sublayer entities in the
DTE to BMA sublayer entities in the-MAU: :

Message ' " Meaning
output’ ' Output information
output_idle No data to be output
normal Cease to isolate the MAU
(Optional) :
—tsotate Isolate MAY
mau_request Request that the MAU be made available

7.2.1.1.1 output Message. The PLS sublayer sends an output message to the PMA sublayer when
the PLS sublayer receives an OUTPUT_UNIT from the MAC sublayer.

The physical realization of the outpui message is a CDO or a CD1 sent by the DTE to the MAU on the
Data Out circuit. The DTE sends a CDO if the OUTPUT_UNIT is a ZERO or a CD1 if the OUTPUT_UNIT
is a ONE. This message is time coded—that is, once this message has been sent, the function is not com-
pleted over the AUI until one bit time later. The output message cannot be sent again until the bit cell
being sent as a result of sending the previous oufput message is complete.
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7.2.1.1.2 output_idle Message. The PLS sublayer sends an output_idle message to the PMA sub-
layer at all times when the MAC sublayer is not in the process of transferring output data across the MAC
to PLS interface. The output_idle message is no longer sent (and the first OUTPUT_UNIT is sent using the
output message) as soon after the arrival of the first OUTPUT_UNIT as the MAU can be made available
for data output. The output_idle message is again sent to the MAU when the DATA_COMPLETE is
received from the MAC sublayer. The detailed usage of the output_idle message is shown in Fig 7-5.

The physical realization of the output_idle message is IDL sent by the DTE to the MAU on the Data Out
circuit.

7.2.1.1.3 normal Message. The PLS sublayer sends a normal message to the PMA sublayer after it
receives the PLS start message from the PLS Reset and Identify Function. The normal message is also sent
after receipt of RESET_MONITOR_MODE from the management entity. The normal message is sent con-
tinuously by the PLS sublayer to the MAU, unless the PLS Output Functlon requlres that the mau_request

e s d g : ding of normal
will be reSumed when the PLS Output Functlon returns to the IDLE state The normal s1gr al is reset by
the SET_MONITOR_MODE (this reset function is described more fully by Fig 7-4).

7.2.1.1.4 isolate Message (Optional). The PLS sublayer sends an isolate-message tq the PMA (in
the MAU) whenever the PLS sublayer receives SET_MONITOR_MODE from. the’management entity. In
ige to the isolate message, the MAU causes the means employed to impress data on| the physical
chniques dif-

sublayer if the PMA sublayer is sending the mau_not_available message and the C sublayer
the first OUTPUT_UNIT of a new:transmission. The PLS sublayer continues to send the mau_re-
essage to the MAU until the MAC sublayer sends the DATA_COMPLETE request to the PLS sub-
layer a¢ross the MAC to PLS interface.-See Figs 7-3, 7-5, and 7-9 for details.

In addition, the mau_request méssage is used by the Reset and Identify Function in the [DENTIFY 3
state to| determine whether the MAU has the Isolate Function,

The ghysical realization of mau_request is a CS1 sent by the DTE to the MAU on the Contrgl Out circuit.

The physical realization)of the normal message is the IDL signal sent by the DTE to thel MAU on the
Control Out circuit. Inthe absence of the CO circuit, MAUs implementing the Isolate Function shall act as
if the normal message.is present. The CO circuit components may be absent from the DTE, AUI, or MAU.

7.211.2 PMA-to PLS Interface. The following messages can be sent by the Physical Medium Attach-
ment sublayer entities in the MAU to the PLS sublayer entities in the DTE:

Message Meaning

input Input information

input_idle No input information

signal_quality_error Error detected by MAU

mau_available MAU is available for output
(Optional)

mau_not_available ~ MAU is not available for output
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\D—PowerOn + RESET_REQUEST

foerorssnes INITIAUZE ........... DTE has CO = Identify =~ . |.......... 'DENT‘FYZ ..........
® pls_reset @ isolate
DTE has CO * Identify mau_available
IDENTIFY 1
.................................... mau_not__availqb]e mOU_nOt_OVOﬂdble
® normal
mau_available CONDITIONED MAU
| .. WTH ISOLATE ..
@ pls..stort
UNCONDITIONED or HALT  (See Fig 7-8)
.""“§.|Mf‘l_:§‘"MﬂA}'J‘ .............................................. [0peraﬁon Conditionedl
Py pls_start lincompatible]
(See Fig 8~3)
(See Fig 8~2)

[Operation Simplel

IDENTIFY 3

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

® mou_request mau_not_available

timer_done * mau._available

\'/ (start timer] Q/
SIMPLE MAU UNCONDITIONED MAU

------------------------------------- wm_’ lSoMTE
o plastart | 0T e

(See Fig 8—3) ® pls_start
{Operation Simplel (See Fig 8-3)

OPERATE [Operation Isolatel
Op(s_.atart ..................
Identify ‘

NOTES: (1) All states may be omitted except INITIALIZE and OPERATE

(2) “identify" means DTE can recognize uniquely all Cl messages and the entire function has been
implemented

(3) “Identify” with bar means DTE fails to recognize mau_not_available or has a partial imple-
mentation of.the function

Fig 7-3 -
PLS Reset and Identify Function

7.2.1.2.1 input Message. The PMA sublayer sends an input message to the PLS sublayer when the
MAU has received a bit from the medium and is prepared to transfer this bit to the DTE. The actual map-
ping of the signals on the medium to the type of input message to be sent to the DTE is contained in the
specifications for each specific MAU type. In general, when the signal_guality_error message is being sent
by the MAU, the symmetry specifications for circuit DI are not guaranteed to be met.

The physical realization of the input message consists of CDO or CD1 waveforms. If the signal_qual-
ity_error message is being sent from the MAU, the input waveform is unpredictable.

NOTE: This signal is not necessarily retimed by the MAU. Consult the appropriate MAU specification for timing and jitter.
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$&——- pis_reset

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

®normal

pls..start

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

LOCAL AND METROPOLITAN AREA NETWORKS:

RESET_MONITOR..MODE

@ isolate

NOTE: Monitor State is optional.

Fig 7-4
PLS Mode Function

7.2.1.2.2 input_idle Message. The PMA sublayer sends an input_idle message to the
he MAU does not have data to send to the DTE.

/.2.1.2.3 signal_ qualzty_error Message. The PMA sublayer sends a signal_quality__
PLS sublayer in response to any of three possible conditions. These conditions are im
medium, collision on the medium, and reception of the output_idle message. They ar

the following numbered paragraphs. The physical realization of the signal_quality_error mes

sent by

NOTE: 1}
not just

1)

2

the MAU to the DTE on the Control In circuit.

he MAU is requlred to assert the signal_quality_error message at the appropriate times whenever the MAT
when the DTE is requesting data output. See Figs 7-9, 8-2, and 8-3 for details.

Improper Signals/on'the Medium. The MAU may send the signal_quality_error messag
due to improper signals on the medium. The exact nature of these improper signals
dependent. Typically, this condition might be caused by a malfunctioning MAU

PLS sublayer

physical realization of the input_idle message is'an IDL sent by the MAU to the DTE on the Data In

rror message
roper signals
deseribed in
sage is a CSO

J is powered, and

re at any time
are medium-
for example,

repeater or head-end) connected to the medium or by a break or short in the medium. §
priate MAU specification for specific conditions that may cause improper s1gna1
medium.

Colllsmn Colhsmn occurs when more than one MAU is transmlttmg on the medlum

$ee the appro-
on a given

he local MAU
t to ascertain

that more than one MAU is transmlttmg on the medlum The MAU shall make the best determina-
tion possible. The MAU shall not send the signal_quality_error message when it is unable to deter-

mine conclusively that more than one MAU is transmitting.

(3) signal_guality_error Message Test. The MAU sends the signal. quality_error message at the com-
pletion of the Output Function. See Fig 7-9 and Section 8 for a more complete description of this

test.

1.2.1.2.4 mau_available Message. The PMA sublayer sends the mau_available message to the
PLS sublayer when the MAU is available for output. The mau_available message is always sent by a MAU
that is always prepared to output data except when it is required to signal the signal quality_error

92



https://iecnorm.com/api/?name=f1be158f1b5e8fd7304e79a44c09d06a

ISO/IEC 8802-3 : 1993
CSMA/CD ANSVIEEE Std 802.3, 1993 Edition

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

| @ output..idle

<——— pla_roset |....heu REQuEST
pls_start ® mau_request
 OUTPUT_UNIT * mau_not_available | ¢ output_idle
IDLE [set request_flag)
o output_idle mau..available
[clear output._. ' mau_not._.available
in_process}
felear—request—flagl—-OUTRUT-UNIF+—mau—available
N ~ START
uer ® mau_request
OUTPUT ABORT i uest_fl
......... UTPUT ABORT ... mau_not (if request..flag)
o output_idle —available [ [set output..
- in..processi
® OUTPUT_ABORT (set._.transmitting..flagl
mau._.not_.available UCT. output_done
MAUCLEAR | S JOUTRUT
e output_idle ® output
[resume Mode Function e mau_request
control of control out ; (if request_flag)
signall
output._done
fclear request_flagl OUTPUT_UNIT
FETCH BIT
‘ e SR BT
mau_available request_flag » DATA_.COMPLETE e mau_request
(if request_flag)
® output
request_flag * DATA_COMPLETE ]
NOTE: UCT = unconditional transition
Fig7-5
PLS Output Function

message. Such a MAU does not require mau_request to prepare itself for data output. See Figs 7-3, 7-5, and
7-9 for details.

The physical realization of the mau_available message is an IDL sent by the MAU to the DTE on the
Control In circuit.

72125 mau_not_available Message (OPTIONAL). The PMA sublayer sends a
mau_not_available message to the PLS sublayer when the MAU is not available for output. Figure 7-5
shows the relationship of mau_not_available to the Qutput Function.
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The mau_not_available message is also used by a MAU that contains the Isolate Function and does not
need to be conditioned for output to signal the presence of the Isolate Function during the PLS Reset Func-
tion (see Fig 7-3 and 8- 3)

The physical reahzatlon of the mau_not_available message isa CSl sent by the MAU to the DTE on the

Control

In circuit.

7.2.2 PLS Interface to MAC and Management Entities. The PLS sublayer interfaces described here
are for reference only. This section specifies the services sent between the MAC sublayer and the PLS sub-

layer.

7.2.2.1 PLS-MAC Interface. The following messages can be sent between PLS sublayer entities and

MAC sublayerentitics:

.
the MA(
layer, it|
the PLS
CD1 to t

7

respons¢ to every OUTPUT_UNIT received by the PLS sublayer. OUTPUT_STATUS

OUTPU
or an O
purpose
physicall

7.
PLS recl
receives

Message Meaning

Data sent to the MAU

Response to OUTPUT_UNIT

Data received from the MAU
Indication of input activity
Indication of error/no error.condition

OUTPUT UNIT
OUTPUT_STATUS
INPUT_UNIT
CARRIER_STATUS
SIGNAL_STATUS

2.2.1.1 OUTPUT_UNIT. The MAC sublayer sends the PLS sublayer an OUTPUT_UNI
[} sublayer has a bit to send. Once the MAC sublayer has sent an OUTPUT _UNIT to 1

sublayer. The OUTPUT_UNIT is a ONE if the- MAC sublayer wants the PLS sublay
he PMA sublayer, a ZERO if a CDO is desired; or a DATA_COMPLETE if an IDL is d¢

2.2.1.2 OUTPUT_STATUS. The PLS, sublayer sends the MAC sublayer OUTPUT]

T _NEXT if the PLS sublayer is ready to accept the next OUTPUT_UNIT from the M4
[JTPUT _ABORT if the PLS sublayer was not able to process the previous OUTPUT|
of OUTPUT_STATUS is to-synchronize the MAC sublayer data output with the dat
medium.)

2.2.1.3 INPUT_UNIT. The PLS Sublayer sends the MAC sublayer an INPUT_UNIT ey

T every time
he PLS sub-

may not send another OUTPUT_UNIT until it has received an OUTPUT_STATUS message from

rer to send a
bsired.

| STATUS in
sent is an
AC sublayer,
| UNIT. (The
h rate of the

rery time the

bives an input message from the PMA sublayer. The INPUT_UNIT is a ONE if the H
a CD1 from the€ PMA sublayer, a ZERO if the PLS sublayer receives a CDO from the P

LS sublayer
sublayer.

2.2.1.4 CARRIER_STATUS. The PLS sublayer sends the MAC sublayer CARRIER._STATUS
r the PI;S'sublayer detects a change in carrier status. The PLS sublayer sends CARRIER_ON when
s an‘input or signal_quality_error message from the PMA and the previous CARRI

R_STATUS
layer sends

_error (either

mau avazlable or mau_not_available) message and the previous CARRIER STATUS that the PLS sublayer

sent to the MAC sublayer was CARRIER_ON.

7.2.2.1.56 SIGNAL_STATUS. The PLS sublayer sends the MAC sublayer SIGNAL_STATUS

whenever the PLS sublayer detects a change in the signal quality (as reported by the PMA). The PLS
sublayer sends SIGNAL_ERROR when it receives a signal_quality_error message from the PMA sublayer
and the previous SIGNAL_STATUS the PLS sublayer sent was NO_SIGNAL_ERROR. The PLS sublayer
sends NO_SIGNAL_ERROR when it receives no signal_quality_error (either mau_available or
mau_not_available) message from the PMA sublayer and the previous CARRIER_STATUS that the PLS
sent to the MAC sublayer was SIGNAL_ERROR.
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7.2.2.2 PLS-Management Entity Interface. The following messages may be sent between the PLS
sublayer entities and intralayer or higher layer management entities:

Message Meaning

RESET REQUEST
RESET_RESPONSE
MODE_CONTROL
SQE_TEST

Reset PLS to initial “Power On” state
- Provides operational information
Control operation

Signal Quality Error test results

7.2.2.2.1 RESET_REQUEST. The management entity sends the PLS sublayer RESET_REQUEST

when the
sublayer

RESET J
invoked d
mined by
ISOLATH
is simple
ports Isol
ARESET)
MAU req]

7.2
layer to ¢

7.2.2.2.2

]

resets all internal logic and restarts all functions. See Fig 7-3 for details.

RESET _RESPONSE. The PLS sublayer sends the manageme
 SPONSE upon completion of the Reset and Identify Function (see Fig 7:8 and 7.2.4
ue to power on or due to a RESET REQUEST. Which RESET RESPONSE was se
the Reset and Identify Function, A RESET_RESPONSE of OPERATION SIMPLE, O}
, or OPERATION CONDITIONED is sent if the MAU is compatible with the DTE an
no isolate) or if the DTE does not support Isolate even if Isolateds supported by the

| RESPONSE of INCOMPATIBLE is sent if the MAU is not'compatible with the DTE
hires conditioning but the DTE does not support conditioning).

2.2.3 MODE_CONTROL. The management entity) sends MODE_CONTROL to th¢
ntrol PLS functions. MODE_CONTROL capabilities are as follows:

T, the PLS

nt entity
1) whether
ht is deter-
PERATION
d the MAU
IMAU, sup-

nte but does not require conditioning, or supports Isolate and does require conditioning to output.

that is, the

s PLS sub-

Message Meaning k

ACTIVATE PHYSICAL
DEACTIVATE PHYSICAL
SET_MONITOR_MODE
RESET_MONITOR_MODE

Supply power on circuit VP
Remove power from circuit VP
Send Isolate to MAU

Send Normal to MAU

7.2
sion of
SQE_TES
passes.

7.2.3 F}

12.2.4 SQE_TEST. The PLS sublayer sends SQE_TEST to the management entity at
pach  signal_quality-error test (see Output Function, 7.2.4.3). The PLS sublg
T_ERROR if the signal_quality_error test fails or SQE_TEST_OK if the signal_quality

rame Structure. Frames transmitted on the AUI shall have the following structure:

<silencef><preamble><sfd><data><etd><silence>

the conclu-
yer sends
_error test

The frame elements shall have the following characteristics:

Element Characteristics

<silence> = no transitions

<preamble> = alternating (CD1) and (CDO0) | 56 bit times (ending in CDO0)
<sfd> = (CD1)(CDOXCD1)XCDOXCD1XCDOXCD1XCD1)

<data> =8xN

<etd> = IDL
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7.2.3.1 Silence. The <silence> delimiter provides an observation window for an unspecified period of
time during which no transitions occur on the AUI. The minimum length of this period is specified by the

access procedure.

7.2.3.2 Preamble. The <preamble> delimiter begins a frame transmission and provides a signal for
receiver synchronization. The signal shall be an alternating pattern of (CD1) and (CDO). This pattern shall
be transmitted on the Data Out circuit by the DTE to the MAU for a minimum of 56 bit times at the begin-
ning of each frame. The last bit of the preamble (that is, the final bit of preamble before the start of frame
delimiter) shall be a CDO.

The DTE is required to supply at least 56 bits of preamble in order to satisfy system requirements. Sys-
tem components consume preamble bits in order to perform their functions. The number of preamble bits
sourced ensures an adequate number of bits are provided to each system component to correctly implement
its function.

7.2.3.3 Start of Frame Delimiter (SFD).‘The <sfd> indicates the start of a frame; and follows the
preamble. The <sfd> element of a frame shall be

(CD1XCDOXCD1XCDOXCD1)XCDOXCD1XCDY)

7.2.3.4 Data. The <data> in a transmission shall be in multiples of eight (8) encoded data bits (CDOs '
and CD1s). :

7.2.3.5 End of Transmission Delimiter. The <etd> delimiter.indicates the end of a transmission and
serves to turn off the transmitter. The signal shall be an IDL.

7.2.4 PLS Functions. The PLS sublayer functions consist of a Reset and Identify Functjon and five
simultanfeous and asynchronous functions. These functions are Output, Input, Mode, Error|Sense, and
Carrier $ense. All of the five functions are started immediately following the completion of the Reset and
Identify Function. These functions are depicted in the state diagrams shown in Figs 7-3 through 7-8, using
notation [described in 1.2.1.

7.2.4.1 Reset and Identify Function. The Reset and Identify Function is executed any time either of
two conditions occur. These two conditions are “power on” and the receipt of RESET_REQUEST from the
managetnent entity. The Reset and Identify Function initializes all PLS functions, and (optionally) deter-
mines the capability of the MAU attached to the AUI. Figure 7-3 is the state diagram of the¢ Reset and
Identify Function. The Identify portion of the function is optional.

7.2.4.2 Mode Function:; The MAU functions in two modes: normal and monitor. The monjtor mode is
optional.|The state diagram-of Fig 7-4 depicts the operation of the Mode Function. When the U is oper-
ating in the normal mede; it functions as a direct connection between the DTE and the medium. Data sent
from the|DTE are impressed onto the medium by the MAU and all data appearing on the medipm are sent
to the DTE by the MAU. When the MAU is operating in the monitor mode, data appearing on the medium
is sent to the DTE by the MAU as during the normal mode. signal_guality_error is also asserted on the AUI
as during operation in the normal mode. However, in the monitor mode, the means employed to impress
data on the physical medium is positively prevented from affecting the medium. Since signaling and isola-
tion techniques differ from medium to medium, the manner in which this pesitive isolation of the transmit-
ting means is accomplished is specified in the appropriate MAU document. However, the intent of this
positive isolation of the transmitter is to ensure that the MAU will not interfere with the physical medium
in such a way as to affect transmission of other stations even in the event of failure of the normal transmit-
ter disabling control paths within the transmitting mechanism of the MAU.

The monitor mode is intended to permit a network station to determine if it is the source of interference
observed on the medium.

NOTE: The monitor mode is intended to be used only by Network Management for fault isolation and network operation verification.
It is intended that the isolate message provide direct control over the mode function so that these tasks can be performed. IMPROPER
USE OF THE ISOLATE FUNCTION CAN CAUSE ERRONEOUS FRAMES. Section 5, Layer Management, provides details on the
proper use of this function,
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RESET <— pls_reset

pls..start

BIT BUCKET

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

SQE * input_idle

TNPUT 1DLE
CARRIER_OFF
CARRIER..ON
CARRIER_.OFF
DISCARD TRASH
(Discard the first
15 bit cells receiveds | | | | C5 NPT DATA ]
® Input—Unit (N)
Input -
P , UCT
............. INIT'AUZE INCREMENT
(N=11 IN=N+ 1]
Input (bit N)
o NPUT HOLD - ucT
N [ Input (bit N + 1)
NOTE: UCT= unconditional transition
" Fig7-6
PLS Input Function

7.2.4.3 Output Function. The PLS sublayer Output Function transparently performs the tasks of
conditioning the MAU for output and data transfer from the MAC sublayer to the MAU. The state diagram

of Fig 7-5 depicts the Output Function operation.
At the conclusion of the Output Function, if a collision has not occurred, a test is performed to verify

operation of the signal quality detection mechanism in the MAU and to verify the ability of the AUI to pass
the signal_quality_error message to the PLS sublayer. The operation of this test in the DTE is shown in

Fig 7-8.
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............ RESET  ...J&———— pls_reset
pls_start
NO ERROR uer NO ERROR HOLD
® NO_SIGNAL_ERROR
SQE
SQE
ERROR HOLD ucr ERROR
® SIGNAL_ERROR

NOTE: UCT = unconditional transition

Fig 7-7
PLS Error Sense Function

7.2.4.4 Input Function. The PLS sublayer Input Function transparently performs the
transfer from the MAU to the MAC sublayer, The state diagram of Fig 7-6 depicts the In

operatipn.

_STATUS to the MAC sublayer whenever there-igla change in the signal quality
| from the MAU. The state diagram of Fig 7-7 depicts the Error Sense Function operat

4.6 Carrier Sense Function. The PLS stiblayer Carrier Sense Function perform|
g CARRIER_STATUS to the MAC sublayer.every time there is a change in CARRIER _§
state diagram of Fig 7-8 depicts the Carrier Sense Function operation.

Verti
absence of a fault on the medium).

(1

he Carrier Sense)Function is inhibited.
2

gending.the signal_ qualzty error message across the AUI for 10 % 5 bit times (1
geconds).

cation of the signal_quality_error detection mechanism occurs in the following m4

At the conclusion of the output function, the DTE opens a time window during which
see the signal_quality_errorsignal asserted on the Control In circuit. The time window
ARRIER_STATUS becomes CARRIER_OFF. If execution of the Output Function dges not cause
ARRIER_ON to occlit, ho SQE test occurs in the DTE. The duration of the window shj
4.0 us but no more than 8.0 ps. During the time window (depicted as carrier_inhibit_tj

A NETWORKS:

task of data
put Function

4.5 Error Sense Function. The PLS sublayer Error Sense Function performs the task of sending

information
ion,

5 the task of
STATUS. The

inner (in the
it expects to

begins when

h1l be at least
mer, Fig 7-8)

e MAU, upon 'waiting Tw (wait time) after the conclusion of output, activates as much of the sig-
nal qualitycerror detecting mechanism as is possible without placing signals on the 1

hedium, thus
D/BR + 5/BR

as indication

3) e DTE 1nterprets the receptlon of the szgnal qualzty_error message from the MAU

sage may be both sent by the MAU and recelved by the DTE

NOTES: (1) The occurrence of multiple (overlapping) transmitters on the medium during the time that the test window is
open, as specified above, will satisfy the test and will verify proper operation of the signal quality error detecting mechanism
and sending and receiving of the appropriate physical error message.

(2) If signal_quality_error exists at the DTE before CARRIER_OFF occurs, then the Collision Presence test sequence
within the PLS as described in 7.2.4.3 above shall be aborted as shown in Fig 7-8.

7.3 Signal Characteristics

ity_error mes-

7.3.1 Signal Encoding. Two different signal encoding mechanisms may be used by the AUIL One of the

mechanisms is used to encode data, the other to encode control.
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CSMA/CD
pls__reset \M
.. CARRIER INTALIZE < RESET ....o....
pls_start
® CARRIER_OFF
uct \J/
............... o, JSAE + (nput-idie » output_in_process)
input_idle * SQE +,|,output_in_process
TRANS NO COLLISION RECEIVE/COLLISION
‘¢ CARRER_ON | T ® CARRIER_ON |
uot \i/ output_in_process ucT
CARR‘ERONTRANS————\l/ SQE
input_idle = .
output_Tn_process\/  |.... TRANS COLLISION [ ... CARRIER ON . .
......... START TEST ...
@ CARRIER_OFF SQE « input_idle SQE « inputlidle
Istart corrier_inhib_timer] m
uer ..JRANS CARRIER OFF | |...! CARRIER OFF .
® CARRIER_OFF ® CARRIER..OFF
{start carvier_.inhib_timer]
e VAT SQE  ucT
carrier_inhibit...
timer._done UCT
....... FALURE o] o NOFAL
® SQE_TEST_ERROR ® SQE._TEST..OK
uct
ucr
..... WAL 2 oo
carrier_inhibit_
timer_done
NOTE: UCT = unconditional transition
SQE = signal_quality_error
Fig 7-8
PLS Carrier Sense Function
7.3.1.1] Data:Encoding. Manchester encoding is used for the transmission of data acrosy the AUIL

Manchestdr encoding is a binary signaling mechanism that combines data and clock into “bit{symbols.

»

Each bit-symbol is split into two halves with the second half containing the binary inverse of thel first half:

a transition always occurs in the middle of each bit-symbol. During the first half of the bit-symbol, the
encoded signal is the logical complement of the bit value being encoded. During the second half of the bit-
symbol, the encoded signal is the uncomplemented value of the bit being encoded. Thus, a CDO is encoded
as a bit-symbol in which the first half is HI and the second half is LO. A CD1 is encoded as a bit-symbol in
which the first half is LO and the second half is HI. Examples of Manchester waveforms are shown in

Fig 7-10.

The line condition IDL is also used as an encoded signal. An IDL always starts with a HI signal level.
Since IDL always starts with a HI signal, an additional transition will be added to the data stream if the
last bit sent was a zero. This transition cannot be confused with clocked data (CDO or CD1) since the tran-
sition will occur at the start of a bit cell. There will be no transition in the middle of the bit cell. The IDL
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PowerOn
ISOLATED mou._.request \SOLATE/CONDITIONED
";m};o‘s'i.tiv'e._'.dléablé | ® positive_disable
@ disable_driver Tau_Tequest ® enable..driver
e mau_not_available = @ mau.available
(if no_collision) (if no_collision)
® SQE (if collision) ® SQE (if collision)
normal output ‘
NOT ISOLATED ' ISOLATED OUTPUT
e not_positive—disable | ® positive. disable
® disable_driver isolate ® enable_.driver
e mau_not._available ® mau_available
(if no_collision) (if :no_.coilision)
® SQE (if collision) ® SQE (if sollision)
mau.. | request output_.idle
mau_ ] request
CONDITIONED QUTPUT IDLE
® not_positive_disable @ positiveLdisable
| ® enable_driver - @ disable..driver
e mau_avaiiable @ (mau_.available
(if no—collision) (if no..collision)
® SQE (if collision) ® SQE (if collision)
output Tw
OUTPUT START TEST TIMER -1
® not_positive_disable ® positive_.disable
® enable_driver @ disable_driver
® mau..avoiloble ® SQE (if collision)
(if no_collision) @ mou_available
® SQE (if collision) (if no_collision)
\l/ output_idie N ) \ tstart_test_timer]}
\l/ ucT
mau.request
(a)
NOTE: See Figs 82 and 83 for simple and isolate type MAUs.
Fig 79
Interface Function for MAU with Conditioning

~ condition, as sent by a driver, shall be maintained for a minimum of 2 bit times. The IDL condition shall be
detected within 1.6 bit times at the receiving device.

(1) System jitter considerations make detection of IDL (etd, end transmission delimiter) earlier than
1.3 bit times impractical. The specific implementation of the phase-locked loop or equivalent clock
recovery mechanism determines the lower bound on the actual IDL detection time. Adequate mar-
gin between lower bound and 1.6 bit times should be considered.

(2) Recovery of timing implicit in the data is easily accomplished at the receiving side of the interface
because of the wealth of binary transitions guaranteed to be in the encoded waveform, independent
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\l/output._idle A A \l/ ucT

OUTPUT IDLE

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

® not_positive_disable | | | ... SQETEST 1 ..

@ disable_.driver
® mau_available
(if no_collision)

® positive..disable
® disable_driver

® SQE (if collision) ® SQE

Tw ' test_timer_.done
STARTTESTTMER 2 f | | A e
® not._.positive_disable @ positive_disable
® disoble._driver @ disable_.driver
® mau_available —— | ® mau_available

(if r.\o_.cgllision) ‘ mau (if no_collision)
® SQE (if collision) _request | ® SQE (if collision)

UcT

SQE TEST

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

® not_positive_disable
® disable_driver
® SQE

test_timer_done

® not_positive._disable
@ disable_driver
@ mau_available

(if no_collision) mau_request
® SQE (if collision)

(b)

N OTE See Figs 8-2 and 8-3 for simple and isolate type MAUs.

Fig 7-9
Interface Function for MAU with Conditioning

7

of the‘data sequence. A phase-locked loop or equivalent mechanism maintains continuoup tracking
of t i ton—on-the Dataeirenit:

7.3.1.2 Control Encoding. A simpler encoding mechanism is used for control signaling than for data
signaling. The encoded symbols used in this signaling mechanism are CS0, CS1, and IDL. The CS0 signal
is a signal stream of frequency equal to the bit rate (BR). The CS1 signal is a signal stream of frequency
equal to half of the bit rate (BR/2). If the interface supports more then one bit rate (see 4.2), the bit rate in
use on the data circuits is the one to which the control signals are referenced. The IDL signal used on the
control circuits is the same as the IDL signal defined for the data circuits (see 7.3.1.1). The Control Out cir-
cuit is optional (O) as is one message on Control In.
The frequency tolerance of the CS1 and CS0 signals on the CO circuit shall be +5% and that of the CS1
signal on the CI circuit shall be +15%. The duty cycle of the above signals is nominally 50%/50% and shall
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ONE BIT PERIOD

___>l 'e____
| l l I I | |

L e rererir
l o 1 o 1t o 1 o | o I o | o

ENCODED WAVEFORM. — CONSTANT "CDO"

ENCODED WAVEFORM — RANDOM DATA

Fig 7-10
Examples of Manchester Waveforms

be no worse than 60%/40%. The CS0 signal on the CI circ¢uit shall have a frequency tolerance of BR +25%,
—15% with the pulse widths no less than 35 ns and nogreater than 70 ns at the zero crossing points.

The meaning of the signals on thé Control Out circuit (DTE to MAU) are:

Sigungl Message Description ‘

IDL normal Instructs the MAU to enter (remain in) normal mode
CS1 mau_request (0) Requests that the MAU should be made available
CSo isolate (O) Instructs the MAU to enter (remain in) monitor mode

The meaning of the sighals on the Control In circuit (MAU to DTE) are:

Signgl Message Description

IDL mau_available Indicates that the MAUs ready to output data

CS1 mau_not_available Indicates that the MAU is not ready to output data

CS0 signal quality error Indicates that the MAU has detected an error outgut data

7.3.2 Signaling Rate. Signaling rates of from 1 to 20 Mb/s are encompassed by this standard. This edi-
tion of the standard specifies a signaling rate of 10 million bits per second + 0.01%.

It is intended that a given MDI operate at a single data rate. It is not precluded that specific DTE and
MAU designs be manually switched or set to alternate rates. A given local network shall operate at a single
signaling rate. To facilitate the configuration of operational systems, DTE and MAU devices shall be
labeled with the actual signaling rate used with that device, ' ;

7.3.3 Signaling Levels. Exact voltage and current specifications are listed in 7.4.
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74 Electrical Characteristics. Terms BR and BR/2 have very specific meaning as used in this
subsection. The term BR is used to mean the bit rate of the highest signaling rate supported by any one
implementation of this interface, BR/2 is used to mean half the bit rate of the lowest signaling rate
supported by any one implementation of this interface (see 7.3.2). An interface may support one or more

signaling rates.

NOTE: The characteristics of the driver and receiver can be achieved with standard ECL logic with the addition of an
coupling network; however, this implementation is not mandatory.

appropriate

7.4.1 Driver Characteristics. The driver is a differential driver capable of driving the specified 78 Q
interface cable. Only the parameters necessary to ensure compatibility with the specified receiver and to

assure personnel safety at the interface connector are specified in the following sections.

7.4.1.1 Differential Output Voltage, Loaded. Drivers shall meet all requirements of this section
under two basic sets of test conditions (that is, each of two resistive values). For drivers located within a

DTE, a combined inductive load of 27 uH * 1% and either a 73 or 83 Q *+ 1% resistive load shall’be
a driver logated within a MAU, a combined inductive load of 50 uH + 1% and either 73 or 83-Q 4
tive load shall be used.

The differential output voltage, Vyu, is alternately positive and negative in magnitude with
zero voltage. The value of Vg, into either of the two test loads identified above (R =73 Q or 83 4
the interfdce connector of the driving unit shall satisfy the conditions defined by values V;, V
shown in Fig 7-11 for signals in between BR and BR/2 meeting the frequency and duty cycle
specified for the signal being driven. The procedure for measuring and applying the test cond:
follows: ’

(1) Megsure the output voltage Vg, for the driver being tested at\the waveform point after
hefdre droop, under test load conditions of 7.4.1.1. This voltage is V.

Calgulate V1 and V3.
V1 ghall be < 1315 mV, V3 shall be > 450 mV.
Thel waveform shall remain within shaded area limits.

(2)
3
4)

The diffgrential output voltage magnitude, V4p, intoseither of the two test loads identified abg
pnnector of the driving unit during the idle state shall be within 40 mV of 0 V. The cujrrent into

interface ¢
either of th

When a
maintain g
low to higl
within 80

i
4 mA With%’l

For driv
occur asyn
respectivel

74.1.

river, connected to the appropriate two test loads identified above, enters the idle staf

chronously with respect to the timing of the following transitions or the preceding tra
y.

e two test loads shall be limited to 4 mA.

minimum differential output voltage of at least 0.7 x Vo mV for at least 2 bit times aft

rs on either the CO«or CI circuits, the first transition or the last positive going tran

Requirements After Idle. When the driver becomes nonidle after a period of idle on

used. For
1% resis-

respect to
R + 1%) at
2 and V3
tolerances
tion is as

bvershoot,

ve, at the

e, it shall
r the last

p transition. The driver differential output voltage shall then approach within 40 mV of 0 V
it times. In addition, the ¢urrent into the appropriate test load shall be limited in magnitude to
80 bit times. Undershoot, if any, upon reaching 0 V shall be limited to —100 mV. See [Fig 7-12.

ition may

hsition(s),

the inter-

face circuit], the differential output voltage at the interface connector shall meet the requirements of 7.4.1.1

beginning

timing of thefollowing transitions.

ith thefirst bit transmitted. The first transition may occur asynchronously with resy

ect to the

7.4.1.3 AC Common-Mode Output Voltage. The magnitude of the ac component of the common-
mode output voltage of the driver, measured between the midpoint of a test load consisting of a pair of
matched 39 Q + 1% resistors and circuit VC, as shown in Fig 7-13, shall not exceed 40 mV peak.

7.4.1.4 Differential Output Voltage, Open Circuit. The differential output voltage into an open cir-
cuit, measured at the interface connector of the driving unit, shall not exceed 13 V peak.

7.4.1.5 DC Common-Mode Output Voltage. The magnitude of the dc component of the common-
mode output voltage of the driver, measured between the midpoint of a test load consisting of a pair of
matched 39 Q * 1% resistors and circuit VC, as shown in Fig 7-13, shall not exceed 5.5 V.
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: m
1316 mv— 16 ns J 8ns \]

VamV"""'

450 my —

omv —

O | [Tt

BT~ OR  6T2
(NOMINAL)

t=3.5ns AT 10 MHz DATA RATES

V,=0.89V,
V,=0.82V,
RAND L VALUES PER 7.4.1.1
A ‘ ‘ N +
R L Vam
B W/ -
" TEST LOAD

NOTE: The time-tin this figure refers to the rise time envelope. Jitter and duty cycle are specified elsewhgre.

Fig 7-11
Differential Output Voltage, Loaded

7.4.1.6 Fault Tolerance. Any single driver in the interface, when idle or driving any permissible sig-
nal, shall tolerate the application of each of the faults specified by the switch settings in Fig 7-14 indefi-
nitely; and after the fault condition is removed, the operation of the driver, according to the specifications of
7.4.1.1 through 7.4.1.5, shall not be impaired. .
In addition, the magnitude of the output current from either output of the driver under any of the fault
conditions specified shall not exceed 150 mA.

7.4.2 Receiver Characteristics. The receiver specified terminates the interface cable in its character-
istic impedance. The receiver shall function normally over the specified dc and ac common-mode ranges.
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ke T3]
WV,
0
_vdm
[ T2
Ty = 200 ns MINIMUM
T, = BO BIT TIMES MAXIMUM
U = —100 mV MAXIMUM UNDERSHOOT
E =

STEADY STATE OFFSET INTO SPECIFIED TEST LOAD
+/— 40 mV MAX
+/~ 4 mA MAX

R = RINGING SHALL BE <200 mV PK—-PK
AFTER T4 AND BEFORE Ty

Fig 7-12
Generalized Driver Waveform

R1

s R2

o<

vC

_ E RT=R2=390 £ %

Fig 7-18
Common-Mode Output Voltage
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7

the refeiving equipment is driven by a differential input signal at eithef BR or BR/2 meetin,

and d
to the
to the
LO st

If the receiver has a squelch feature, the spec1ﬁed receive threshold levels apply only when
allowing the signal to pass through the receiver.

NOTE:
specific

714.2.2 AC Differential Input Impedance. The ac differential ihput impedance for
located in MAUSs shall have a real part of(77.83 Q + 6%, with the sign of the imaginary pax
the phase angle of the impedance in degrees less than or equal to 0.0338 times the real par

ance,

The ac differential input impedance for AUI receivers located in the DTE shall have
77.95 [Q + 6%, with the sign of the imaginary part positive, and the phase angle of the imped
less than or equal to 0.0183 times the real part of the impedance, when measured with

wave,

A 78 Q + 6% resistor'in parallel with an inductance of greater than 27 pH or 50 uH for r|

MAU

74
| by a-differential input signal at either BR or BR/2 meeting the frequency and duty cycle tolerances
ed for'the circuit being driven, the receiver output shall assume the proper output state as specified

drivern
specif]

FAULT SWITCH SETTINGS
CONDITION LEAD A LEAD B~
1 o 1
2 4 3

3 3 4
4 4 4
5 2 3
6 3 2
7 2 2
8 3 3
+
16 VOLTS
|
Fig 7-14

Driver Fault Conditions

4.2.1 Receiver Threshold Levels. When the receiving interface circuit at the interf:
ity cycle tolerances specified for the receiving circuit, when the Aléad is 160 mV positiy
B lead, the interface circuit is in the HI state, and when the A-lead is 160 mV negatiy

B lead, the interface circuit is in the LO state. The receiver-output shall assume the in
htes for the corresponding input conditions.

The specified threshold levels do not take precedence over the duty cycle and jitter tolerance specified elsey
tions must be met.

hen measured with a 10 MHzsine wave,

and DTE respectively, satisfies this requirement.

LOCAL AND METROPOLITAN AREA NETWORKS:

e connector of
the frequency
re with respect
e with respect
tended HI and

the squelch is

rhere. Both sets of

AUI receivers
t positive, and
b of the imped-

a real part of
nce in degrees
10 MHz sine

eceivers in the

2.3 AC-Common-Mode Range. When the receiving interface circuit at the receivin|

in 7.4

equipment is

2.1/in the presence of a peak common-mode ac sine wave voltage either of from 30 H7 to 40 kHz ref-

erenced to circuit VC in magnitude from O to 3 V, or in magnitude 0 to 100 mV for ac voltages of from
40 kHz to BR as shown in Fig 7-15. :

NOTE:

The receiver shall also be able to reject small ac common-mode signals in frequencies outside of this range.

7.4.2.4 Total Common-Mode Range. When the receiving interface circuit at the receiving equipment
is driven by a differential input signal at either BR or BR/2 meeting the frequency and duty cycle toler-
ances specified for the circuit being driven, the receiver output shall assume the intended output state as
specified in 7.4.2.1 in the presence of a total common-mode voltage, dc plus ac, referenced to circuit VC in
magnitude from 0 to 5.5 V, as shown in the test setup of Fig 7-15. The ac component shall not exceed the
requirements of 7.4.2.3.
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Fig 7-16

Common-Mode Input Test

The recejiver shall be so designed that the magnitude of the current from the common-mode voltage
source use(I in the test shall not exceed 1 mA.

7.4.2.5 Idle Input Behavior. When the receiver becomes nonidle after a period of idle on thd interface
circuit, the|characteristics of the signal at the output of the receiver shall stabilize within the stantup delay
allowed for] the device incorporating the receiver so that it is not prevented from meeting the jittpr specifi-
cations established for that device.
The recejving unit shall take precautions to ensure that a HI to idle transition is not falsely interpreted
as an idle to nonidle transition, even in the presence of signal.droop due to ac coupling in the|interface
driver or rdceiver circuits.

7.4.2.6| Fault Tolerance. Any single receiver in the interface shall tolerate the application pf each of

the faults gpecified by the switch settings in Fig 7-16 indefinitely, and after the fault condition is[removed,
the operatipn of the receiver according to the specifications of 7.4.2.1 through 7.4.2.6 shall not be jmpaired.
In additipn, the magnitude of the current into €ither input of the receiver under any of the faplt condi-
tions specified shall not exceed 3 mA.

T
e \
3 .
A
‘ FAULT SWITCH SETTINGS
B COND;TION LEA1D A LEA? B

!

2
3 Ve
4

-

7

@~ N
NN A G
GNN G B

16 VOLTS

Fig 7-16
‘Receiver Fault Conditions
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7.4.3 AUI Cable Characteristics. The interface cable consists of individually shielded twisted pairs of
wires with an overall shield covering these individual shielded wire pairs. These shields must provide suf-
ficient shielding to meet the requirements of protectlon against rf interference and the following cable
parameters. Individual shields for each signal pair are electrically isolated from the outer shield but not
necessarily from each other.

The overall shield shall be returned to the MAU and DTE Units via the AUI connector shell as defined in
7.6.2 and 7.6.3. If a common drain wire is used for all the signal pair shields, then it shall be connected to
pin 4. Individual drain wire returns for each signal pair may be used (see 7.6.3). It is recommended that
individual drain wires be used on all control and data circuit shields to meet satisfactory crosstalk levels. If
individual drain wires are used, they shall be interconnected within the AUI cable at each end and shall be
connected at least to pin 4 at each end of the cable.

The presence of the Control Out signal pair is optional. If driver or receiver circuit components for CO
are not provided, consideration should be gwen to properly terminating the CO signal pair within the DTE
and

4.3.1 Conductor Size, The dc power pair in the interconnecting cable, voltage(common and voltage
mm s, shall be composed of a twisted pair of sufficient gauge stranded wires to result in a nominal de

Conductor size for the 51gna1 pairs shall be determined according to the ac related parameters in 7.4.3.2—
7.4.3|6. \ ‘

7.4.3.2 Pair-to-Pair Balanced Crosstalk. The balanced crosstalk from one pair of wires to any other
pair jn the same cable sheath (when each pair is driven per 7.4.1.1~7.4.1.5) shall have a mipimum value of
40 dB of attenuation measured over the range of BR/2 to BR. :

1.4.3.8 Differential Characteristic Impedance. The differential characteristic impedance for all
signdl pairs shall be equal within 3 Q and shall be 78 + § Q' measured at a frequency of BR.

7.4.3.4 Transfer Impedance

(1)| The common-mode transfer impedance shall not exceed the values shown in Fig 7-117 over the indi-
cated frequency range.
(2)] The differential mode transfer 1mpedance for all pairs shall be at least 20 dB below the common-
mode transfer impedance.

71.4.3.5 Attenuation. Total ¢able attenuation levels between driver and receiver (at separate stations)
- for e:Lch signal pair shall not{exceed 3 dB over the frequency range of BR/2 to BR (Hz) for|sinewave mea-
surempents.

7.4.3.6 TimingJitter. Cable meeting this specification shall exhibit edge jitter of no more than 1.5 ns
at the receiving end when the longest legal length of the cable as specified in 7.4.3.1 through 7.4.3.7 is ter-
minalted in a 786+ 1% resistor at the receiving end and is driven with pseudorandom Manc¢hester encoded
binatty data from a data generator which exhibits no more than 0.5 ns of edge jitter on half bit cells of
exactlly 1/2-BT and whose output meets the specifications of 7.4.1.1 through 7.4.1.5. This test shall be con-
ductdd in\a’ noise-free environment. The above specified component is not to introduce mdre than 1 ns of
edge jitter into the system.

NOTE: Special attention will have to be applied to the cable characteristics and length at 20 Mb/s.

7.4.8.7 Delay. Total signal delay between driver and receiver (at separate stations) for each signal pair
shall not exceed 257 ns.

7.5 Functional Description of Interchange Circuits
7.5.1 General. The AUI consists of either three or four differential signal circuits, power, and ground.

Two of the circuits carry encoded data and two carry encoded control information. Circuits DO (Data Out)
and CO (Control Out) are sourced by the DTE, and circuits DI (Data In) and CI (Control In) are sourced by
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Fig 7-17

Common-Mode Transfer Impedance

the MAU. [The interface also provides for power transfer from the DTE to the MAU. The CO |[circuit is

optional.

7.5.2 Ddfinition of Interchange Circuits. The following/circuits are defined by this specification:

Protective Ground

Signal‘Direction
Circuit - Name to MAU ﬁM(X?I Remarks
DO Data Out X Encoded Data
DI Data In X Encoded Data
Cco Control Out X Encoded Control
Cl Control In X Encoded Control
VP Voltage Plus X 12 Volts
VC Voltage Common X Return for VP
PG X Shield

7.5.2.1|Cirecuit DO;-Data Out. The Data Out (DO) circuit is sourced by the DTE. It is a dirferential
pair consisting‘of DO-A (Data Out circuit A) and DO-B (Data Out circuit B).

The signal transferred over this circuit is Manchester encoded. An oufput message containing a one bit is

~encoded as CD1. An output_idle message is encoded as an IDL.

The following symmetry requirements shall be met when the DTE transfers pseudo-random Manchester
encoded binary data over a DO circuit loaded by the test load specified in 7.4.1.1.

Bit cells generated internal to the DTE are required to be 1 BT within the permitted tolerance on data
rate specified in 7.3.2. Half bit cells in each data bit are the be exactly 1/2 BT (that is, the reference point
for edge jitter measurements) within the permitted tolerance on the data rate specified in 7.3.2. Each tran-
sition on the DO circuit is permitted to exhibit edge jitter not to exceed 0.5 ns in each direction. This means
that any transition may occur up to 0.5 ns earlier or later than this transition would have occurred had no
edge jitter occurred on this signal.
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7.5.2.2 Circuit DI-Data In. The Data In (DI) circuit is sourced by the MAU. It is a differential pair
consisting of DI-A (Data In circuit A) and DI-B (Data In circuit B).

The signal transferred over this circuit is Manchester encoded. An input message containing a zero bit is
encoded as CDO. An input message containing a one bit is encoded as CD1. An input_idle message is
encoded as an IDL.

A DTE meeting this specification shall be able to receive, on the DI circuit Wlthout a detectable FCS
error, normal preamble data arranged in legal length packets as sent by another station to the DTE. The
test generator for the data on the DI circuit shall meet the requirements for drivers in MAUs specified in
7.4.1.1 through 7.4.1.5 and shall drive the DI circuit through a zero length AUI cable. Random amounts of
edge jitter from O to 12 ns on either side of each transition shall be added by the test generator to transi-
tions in bits in the preamble, and random amounts of edge jitter of from 0 to 18 ns on either side of each
transition shall be added to the transitions in all bits in the frame. Preamble length from the test generator
shall be 47 bits of preamble, followed by the 8 bit SFD.

A significant portion of the system jitter may be nonrandom in nature and consists of a steady-state shift of the midbit transi-
\al at the receiving

NOTE
tions ih either direction from their nominal placement. A 16.5 ns edge jitter is expected on the transmitted sigr
DTE, yorst case. The difference between 16.5 ns and 18 ns jitter represents receiver design margin.

1.5.2.3 Circuit CO-Control Qut (Optional). The Control Out (CO) circuit is sourced by the DTE. It
differential pair consisting of CO-A (Control Out circuit A) and CO-B (Centrol Out circdit B).

message is en-

isa

The signal transferred over this circuit is encoded as described in 7.3.1.2.-A mau_request
coded as CS1. A normal message is encoded as IDL. An isolate messagé is‘encoded as CSO.

,5.2.4 Circuit CI-Control In. The Control In (CI) circuit is-sourced by the MAU. It |s a differential

pair ¢onsisting of CI-A (Control In circuit A) and CI-B (ControlIn circuit B).

The signal transferred over this circuit is encoded as deseribed in 7.3.1.2. A mau_available

message is en-

coded as IDL. A mau_not_available message is encoded s)CS1. A signal_quality_error mespage is encoded

as a ¢SO.

5.2.5 Circuit VP-Voltage Plus. The Voltage Plus (VP) circuit is an optional circy
sourded from the DTE. If this circuit is sourced from the DTE it shall be capable of operat]

level [between + 12 V dc — 6% and + 15 Vide + 5% with respect to circuit VC for all cur]
500 mA. The source shall provide protection for this circuit against an overload condition.

it that may be
ng at one fixed
rents from 0 to
The method of

overlpad protection is not specified; however, under no conditions of operation, either nor

al or overload,

shall the source apply a voltage to ciréuit VP of less than 0 or greater than + 15.75 V dc as $pecified above.
MAU| designers are cautioned that protection means employed by power sources may cause the voltage at
signall VP to drop below the minimum operational voltage specified without going completgly to zero volts
when|loads drawing in excess of the current supplied are applied between VP and VC. Adequate provisions

shall be made to ensure that such a condition does not cause the MAU to disrupt the medi
If the DTE does not support circuit VP, it shall have no connection to this circuit.

.5.2.6 Circuit VC-Voltage Common, Circuit VC is the ground return to the power source for circuit

VP, capable of sinking 2.0 A. Also, all common-mode terminators for AUI circuits shall be
VC.

made to circuit

maximum dc resn;tance of 20 mQ at the DTE end.

7.5.2.8 Circuit Shield Terminations. Individual pin terminations shall meet the following require-

ments:

(D
(2)
3

Pins 1, 4, 8, 11, 14 connected to logic ground in the DTE
Pins 1, 4, 8, 11, 14 capacitively coupled to VC in MAU

DTE

110

Impedance to ground < 5 Q at the lowest operational BR/2 in the MAU and at the highest BR in the

und through a
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7.6 Mechanical Characteristics

7.6.1 Definition of Mechanical Interface. All connectors used shall be as specified in 7.6.2. The DTE
shall have a female connector and the MAU shall have a male connector. The MAU may be plugged directly
into the DTE or may be connected by one or more cable segments whose total length is less than or equal to
50 m. All cable segments shall have a male connector on one end and a female connector on the other end,
All female connectors shall have the slide latch, and all male connectors shall have the locking posts (as
defined in Figs 7-18, 7-19, and 7-20) as the retention system.

7.6.2 Line Interface Connector. A 15-pole connector having the mechanical mateability dimensions as
specified in IEC 807-2 [7] with gold-plated contacts shall be used for the line interface connector. The shells
of these connectors shall be tin plated to ensure the integrity of the cable shield to chassis current path.
The resistance of the cable shield to equipment chassis shall not exceed 5 mQ, after a minimum of 500
cycles of njating and unmaking.

® 234 % 0.18mm —~ ® o076 + 0.13mm
© 391 £ 0.36 mm —> [ ‘ { LEGEND
¢ A = (0.092 + 0.007 inches)
* L ] B = (0.102 = 0.015 inches)
Y g = gj.10524 :(;).014 inches)
: = 0.102 + 0.13 inch
® 259+ 038mm © 1087 z-02mm 0402 — 008 inches 22.?)’
E = (0.035 + 0.008 inches)
= (0.03 + 0.005 inches)
1 //// —— / ® 089 + 0.20mim G = {0.416 + 0.010 inches)
e @ + 0.33 mm (max)
= 0.13(mim (min)
CONNECTOR = LOCKING POST
FLANGE

© 418 + 0.25 um

@ 217 +0438 mm-] » l

[y LEGEND
N A=1{0 +

— B = (0.037 + 0.012 inches)
=" | © 1067 + 0.25 mm C - (0165 = 0010 iches damster
=1 = {0.420 + 0.010 inches)
— E = (0.135 + 0.010 inches diamster)

084 + 031 mn— —
—u
— L— ® 343 + 025 mm SLIDE LATCH SCREW
Fig 7-18

Connector Locking Posts
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— @ 343 x 013 mm — @ 252 + 0.23 mn

zamn: [

- (B) 43.82 * 025mm

__E_© 366 + 0.38 mm
e D
— ]

LEGEND

A = (0.135 4 0.005 inches)
B8 = (1.725 % 0.010 inches)
C = (0.144 + 0.015 inches)
= {0.099 + 0.009 inches)
€ = (0.180 inches diam min )

Fig 7-19
Connector Slide Latch

(material 24 gauge maximuim)

PANEL SHALL BE FLUSH OR BEHIND
CONNECTOR FLANGE FOR PROPER DTE
SLIDE LATCH OPERATION

FEMALE MALE
CONNECTOR
WITH SLIDE
/ LATCH
I | —— (o
St 2
A DODO0 O
AU
INTERFACE
CABLE

.E 1.58 mm PANEL OR
2 WASHERS 0.79 mm EACH
THICK UNDER HEX MALE CONNECTOR
) WITH LOCKING POST

FEMALE
F Y edadedudnl I - 1

3

Fig 7-20
Connector Hardware and AUI Cable Configuration
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In order to ensure intermateability of connectors obtained from different manufacturers, the connector
with female contacts shall conform to IEC 807-2 [7] and have gold-plated contacts and tin-plated shells. 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.

NOTE: Use of similar metallic surfaces on connector conductors and similar metallic surfaces on the connector shells minimizes gal-
vanic action and reduced performance.

The connector is not specified to prevent operator contact with the shield, and precautions shall be taken
at ingtallation time to ensure that the installer is warned that the shield is not to be brought into contact
with any hazardous voltage while being handled by operating personnel.

See reference [A13].

7.6.3 Contact Assignments. The following table shows the assignment of circuits to connector contacts:

Contact Circuit Use

3 DO-A Data Out circuit A

10 DO-B Data Out circuit B

11 - DO-S Data Out circuit Shield

5 DI-A Data In circuit A

12 DI-B Data In circuit B

4 DI-S Data In circuit Shield

7 | CO-A Control Out circuit A

15 CO-B Control Qut circuit B

8 CO-S Control Out circuit Shjeld

2 CL-A Control in circuit A

9 CI-B Control In circuit B

1 CI-S Control In cireuit Shield

6 vC Voltage €ommon

13 VP Voltage Plus

14 VS Voltage Shield

Shell PG Protection Ground (Conductive Shell)

NOTES: (}) Voltage Plus and*Voltage Common use a single twisted pair in the AUI cable.
(2) As indicated in 7.4.2:1, the A lgfad of a circuit is positive relative to the B lead for a HI signal and negative for a LO signal.
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8. Medium Attachment Unit and Baseband Medium Specifications,
Type 10BASES

8.1 Scope

8.1.1 Overwew This standard defines the functional, electrical, and mechanical characteristics of the

MAU and one specific medium for use with local networks. The relationship of this specification to the

~entire ISO [IEEE] Local Network specification is shown in Fig 8-1. The purpose of the MAU is to provide a
simple, inexpensive, and flexible means of attaching devices to the local network medium.

OS)

AN}
LAY

REFERENCE MODEL CSMA/CD
LAYERS LAYERS
APPLICATION HIGHER LAYERS
. LLC
PRESENTATION / | LOGICAL LINK CONTROL
/
MAC
SESSION , /" |MEDIA ACCESS CONTROL S—DTE 5 pre
, — (AUI ot
expose
TRANSPORT ;7| PHYSICAL SIGNAUNG g
Vs -
v 00 ] .
NETWORK / : :
/ : AUl
/ : :
DATA LINK / : :
PHYSICAL
AUl = ATTACHMENT UNIT INTERFACE
MAU _="MEDIUM ATTACHMENT UNIT
MDI » (= MEDIUM DEPENDENT INTERFACE
PMA ~ = PHYSICAL MEDIUM ATTACHMENT
Fig 8-1
Physical Layer Partitioning, Relationship to the ISO Open Systems Interconnection
(OSD Reference Model

8.1.1. Medium Attachment Unit. The MAU has the following general characteristics:

(1) Enables coupling the PLS by way of the AUI to the explicit baseband coaxial transmission system
defined in this section of the standard.

(2) Supports message traffic at a data rate of 10 Mb/s (alternative data rates may be c01|1s1dered in
fl:lﬁfe‘ﬂdd'l‘ﬁlﬂﬂs to thc ouauda; d)

(8) Provides for driving up to 500 m (1640 ft) of coaxial trunk cable without the use of a repeater.

(4) Permits the DTE to test the MAU and the medium itself.

(5) Supports system configurations using the CSMA/CD access mechanism defined with baseband sig-
naling.

(6) Supports a bus topology interconnection means.

8.1.1.2 Repeater Unit. The repeater unit is used to extend the physical system topology, has the same
general characteristics as defined in 8.1.1.1, and provides for coupling together two or more 500 m (1640 ft)
coaxial trunk cable segments. Multiple repeater units are permitted within a single system to provide a
maximum trunk cable connection path of 2.5 km (8200 ft) between any two MAUs.
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8.1.2 Definitions
baseband coaxial system. A system whereby information is directly encoded and impressed on the coax-
ial transmission medium. At any point on the medium, only one information signal at a time can be present
without disruption (see collision).
BR. The rate of data throughput (bit rate) on the medium in bits per second.
BR/2. One half of the BR in Hertz.
branch cable. The AUI cable interconnecting the DTE and MAU system components.

carrier sense. In a local area network, an ongoing activity of a data station to detect whether another sta-
tion is|transmitting.

NOTE: ] collision presence signal is provided by the PLS to the PMA sublayer to indicate that one or moré)statjons are currently
transmitting on the trunk coaxial cable.

coaxial cable. A two-conductor (center conductor, shield system), concentric, ¢onstant impedahce trans-
mission line used as the trunk medium in the baseband system. .

coaxial cable interface. The electrical and mechanical interface to the shared coaxial cable medium
either|contained within or connected to the MAU. Also known as MDI(Medium Dependent Interface).

coaxifl cable segment. A length of coaxial cable made up from one or more coaxial cablg sections and
coaxiall connectors, and terminated at each end in its characteristic impedance.

collisjon. An unwanted condition that results from coricurrent transmissions on the physicgl medium.

collisjon presence. A signal provided by the PLS to the PMA sublayer (within the data link layer) to indi-
cate that multiple stations are contending for access to the transmission medium.

compatibility interfaces. The MDI coaxial cable interface and the AUI branch cable intgrface, the two
points|at which hardware compatibility is' defined to allow connection of independently designed and man-
ufactured components to the baseband transmission system.

MediIm Attachment Unit (MAU). In a local area network, a device used in a data station to couple the
data t¢rminal equipment to the transmission medium. :

Mediym Dependent Interface (MDI). The mechanical and electrical interface between the trunk cable
medium and the MAU:

Physical Medium Attachment (PMA). The portion of the MAU that contains the functionjal circuitry.

Physikcal Signaling (PLS). That portion of the Physical Layer, contained within the DTE that provides
the logcaLGd_ﬁmrmanp]mg_bmaenMMLandﬂa.ta_Lmk' i i ink Layers

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
normal data and collision signals.

trunk cable. The trunk coaxial cable system.

8.1.3 Application Perspective: MAU and MEDIUM Objectives. This section states the broad objec-
tives and assumptions underlying the specifications defined throughout this section of the standard.
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8.1.3.1 Object

1

(2)

3

4)

5)
(6)

8.1.3
compatib

Provide the physical means for communication between local network data link entities.

NOTE: This standard covers a portion of the physical layer as defined in the OSI Reference Model and, in addition, the phys-
ical medium itself, which is beyond the scope of the OSI Reference Model.

Define a physical interface that can be implemented independently among different manufacturers
of hardware and achieve the intended level of compatibility when interconnected in a common local
network.

Provide a communication channel capable of high bandwidth and low bit error rate performance.
The resultant mean bit error rate, at the physical layer service interface should be less than one
part in 108 (on the order of one part in 109 at the link level).

Provide for ease of installation and service.

Provide for high network availability (ability of a station to gain access to the medinm
the data link connection in a timely fashion).

Enable relatively low-cost implementations.

and enable

2 Compatibility Considerations. All implementations of this baseband coaxial system shall be
e at the MDI. '

This st
devices.
highest

free to implement circuitry within the MAU in an application-dependent manner provided the
face and AUI specifications are satisfied.
Subsystems based on this specification may be implemented in several different ways provid

bility at
MAU is ¢
designer

and configurability.

8.1.3
the local
essary to

of the local area network may reside physically in two distinct locations, the MAU and the DTE

a close rd
medium f

associated with and defined throughoeut Section 7.

NOTE: The
tions.

8.1.3

optional ‘Monitor” made.

(1) Ng

DTE. Data output from the DTE is output to the coaxial trunk medium and all data on
trunk/medium is input to the DTE. This mode is the “normal”

message-traffic-betweenstations:

{3 Relationship to PLS and AU Interface. This section defines the primary physic
hrea network, a layer comprised of both the physical medium and the rudimentary cir

ndard provides one explicit trunk cable medium specification for theinterconnection
he medium itself, the functional capability of the MAU, and the AUl are defined to
ssible level of compatibility among devices designed by different manufacturers. De

e medium is maintained. It is possible, for example, to)design an integrated station
ntained within a physical DTE system component, thereby eliminating the AUI cable

of all MAU
provide the
signers are
MD Inter-

bd compati-
where the
The device

and system user) shall then consider such factors as topological flexibility, system availability,

couple a station’s message path directly to/from the medium. The complete logical ph

lationship exists between this (section and Section 7. This section specifies all of tl
arameters, all of the PMA logical functions re51d1ng in the physical MAU, and referen

design of a physical MAU component requires the use of both this section and Section 7 for the PLS and

4 Modes of Operation. The MAU is capable of operating in either a “Normal”

al layer for
cuitry nec-
ysical layer
Therefore,
he physical
bes the AUL

AU specifica-

mode or an

rmal Mode. The MAU functions kas a direct connection between the baseband mediym and the

the coaxial

mode of operation for the intended

(2) Monitor Mode, The MAU Transmit Function is disabled to prevent data from being output on the

trunk coaxial medium while the receive function and collision presence function remain active for
purposes of monitoring medium message traffic. This mode also serves as a limited test mode at the
same time it isolates the MAU transmitter from the medium. Under most local (that is, intrasta-
tion) fault conditions the monitor mode enables continued use of the network while the local station
is being serviced.

8.2 MAU Functional Specifications. The MAU component provides the means by which signals on the
four physically separate AUI signal circuits to/from the DTE and their associated interlayer messages are
coupled to the single coaxial cable baseband signal line. To achieve this basic objective, the MAU compo-
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nent contains the following functional capabilities to handle message flow between the DTE and the base-
band medium:

(1) Transmit Function. The ability to transmit serial data bit streams on the baseband medium from
the local DTE entity and to one or more remote DTE entities on the same network.

(2) Receive Function. The ability to receive serial data bit streams over the baseband medium.

(8) Collision Presence Function. The ability to detect the presence of two or more stations’ concurrent

" transmissions.

(4) Monitor Function (Optional). The ability to inhibit the normal transmit data stream to the medium
at the same time the normal receive function and collision presence function remain operational.

(5) Jabber Function. The ability to automatically interrupt the transmit function and inhibit an abnor-
mally long output data stream.

8.2.1| MAU Physical Layer Functions

8.2.1.1 Transmit Function Requirements. At the start of a frame transmission ‘'onthe coaxial cable,
no more than 2 bits (2 full bit cells) of information may be received from the DO circuit and nof transmitted
onto the coaxial medium. In addition, it is permissible for the first bit sent to contain encoded phase viola-
tions of invalid data; however, all successive bits of the frame shall be reproduced with no more than the
speclﬁ d amount of jitter. The second bit cell transmitted onto the coaxial-cable shall be carpied from the
DO sighal line and transmitted onto the coaxial trunk cable medium with the correct timing and signal lev-
els. The steady-state propagation delay between the DO circuit receiyer'input and the coaxial cable output
shall not exceed one-half bit cell. There shall be no logical signal inversions between the branch cable DO
circuit pnd the coaxial trunk cable (for example, a “high” logic level input to the MAU shalll result in the
less negative current flow value on the trunk coaxial medium).@ positive signal on the A signal lead of the
DO cirguit shall result in a more positive voltage level on thedrunk coaxial medium. It is assymed that the
AUI sHall provide adequate protection against noise. It is recommended that the designer provide an
implementation in which a minimum threshold signalis required to establish a transmit bit gtream.
The Transmit Function shall output a signal on the trunk coaxial medium whose levels and waveform
comply|with 8.3.1.3.
In addition, when the DO circuit has gone idle after a frame is output, the MAU shall then activate the
collisiop presence function as close to the trusik coaxial cable as possible without introducing 4n extraneous
signal ¢n the trunk coaxial medium, The MAU shall initiate the collision presence state within 0.6 us to
1.6 s after the start of the output idle signal and shall maintain an active collision presenge state for a
time equivalent to 10 £ 5 bit cells.

8.2.1.2 Receive Function'Requirements. The signal from the coaxial trunk cable shall be directly
coupled to the receiver and‘subsequently ac coupled before reaching the receive circuit conpected to the
DTE. The receive function'shall output a signal onto the DI circuit of the AUI cable that complies with the
AUTI specification for drivers in MAUs

At : 2 At atior ; d-the receive (DI)
circuit output shall not exceed one-half bit cell There are no loglcal s1gna1 inversions between the coaxial
(trunk) cable and the MAU (branch) cable receive circuit. The circuit bandwidth of the receiver function
shall be limited to 50 MHz. »

A MAU meeting this specification shall exhibit edge jitter into the DI pair when terminated in the appro-
priate test load specified in 7.4.3.6, of no more than 8.0 ns in either direction when it is installed on the dis-
tant end of all lengths between 2.5 m and 500 m of the cable specified in 8.4.1.1 through 8.4.2.1.5
terminated at both ends with terminators meeting the impedance requirements of 8.5.2.1 and driven at
one end with pseudo-random Manchester encoded binary data from a data generator that exhibits no more
than 1.0 ns of edge jitter in either direction on half-bit cells of exactly 1/2 BT and whose output meets the
specifications of 8.3.1.3 except that the risetime of the signal must be 30 ns + 0, — 2 ns. This test shall be
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conducted in a noise-free environment. The combination of coaxial cable and MAU receiver introduce no
more than 6 ns of edge jitter into the system.

The local transtit and receive functions shall operate simultaneously while connected to the medium
operating in the half duplex operating mode.

8.2.1.3 Collision Presence Function Requirements. The signal presented to the CI circuit in the
absence of a collision shall be the IDL signal except when the MAU is required to signal the CS1 signal.

The signal presented to the CI circuit during the presence of a collision shall be the CS0 signals encoded
as specified in 7.3.1.2. This signal shall be presented to the CI circuit no more than 9 bit times after the sig-
nal (for example, dc average) on the coaxial cable at the MAU equals or exceeds that produced by two (or
more) MAU outputs transmitting concurrently under the condition that the MAU detecting collision pres-
ence is transmitting. Under no conditions shall the collision presence function generate an output when
only one MAU is transmitting. A MAU, while not transmitting, may detect the presence of two.gther MAUSs
transmitfing and shall detect the presence of more than two other MAUSs transmitting. Table 8-1 summa-
rizes the [allowable conditions under which collisions shall be detected.

The col
ple, open

lision presence function may, in some implementations, be able to sense an-abnormal (for exam-

medium. The use of MAUs in repeaters requires added considerations; see’8.3.1.5.

Table 8-1 J
Generation of Collision Presence Signal

Numbers of Transmitters
=2
Y
May
= will genérate SQE message
= will not/generate SQE message
= may.generate SQE message

MAU

Transmitting

<2 >2
N Y
Not transmitting N Y

Y
N
May

e the MAU
the trans-
edium and
nitor func-
m bringing
s functions,
nedium are

8.2.1
ghall, wit
mit funct
any abno|

4 Monitor Function Requirements (Optional). Upon receipt of the isolate messag
hin 20 ms (implementations: solid-state preferred, relay switched permitted), disable
jon in such a way as to prevent both the transmission of signals on the trunk coaxial

mal loading by the disabled transmitter on the trunk coaxial medium itself. The m
tion is infended to prevent a malfunctioning active component (for example, transmit driver) frg
down the|network. The isolate message shall not interact with the receive or collision presencs
thus permitting the normal operational mode wherein all data appearing on the trunk coaxial 1

carried td

anteed per:

the DTE on the DI signal circuit.

cation for successful'execution of the isolate message requires use of the trunk coaxial medium itself. Thid
rmance requires use/of system layers above the physical layer and implies some interruption of normal

level of guar-
trunk coaxial

NOTE: Ver’iE

medium mefsage traffic.

8.2.1}5 Jabber Function Requirements. The MAU shall contain a self-interrupt cdpability to
inhibit trhnsmit data from reaching the medium. Hardware within the MAU (with no external message
other than.the detection of output data, bits, or leakage, by way of the transmit function) shall provide a
nominal window of at Ieast 20 s to at most 1bU ins during which time a normal data link frame may be
transmitted. If the frame length exceeds this duration, the jabber function shall inhibit further output data

from reaching the medium.

When the transmit function has been positively disabled, the MAU shall then activate the collision pres-
ence function as close to the trunk coaxial medium as possible without introducing an extraneous signal on
the trunk coaxial medium. A MAU without the monitor function and powered by the DTE may reset the
jabber and collision presence functions on power reset once the error condition has been cleared. Alterna-
tively, a self-powered MAU may reset these functions after a period of 0.5 s + 50% if the monitor function
has not been implemented. If the monitor function has been implemented then it shall be used to reset the
collision presence and jabber functions.
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8.2.2 MAU Interface‘Messages

8.2.2.1 DTE Physical Layer to MAU Physical Layer Messages. The following messages can be

sent by the DTE physical layer entities to the MAU physical layer entities:

LOCAL AND METROPOLITAN AREA NETWORKS:

Message Circuit Signal Meaning
output DO CD1,CDO  Output information
output_idle DO IDL No data to be output
normal - CO IDL Assume the nonintrusive state on the trunk coaxial
medium
(Optional Circuit)
isolate CcO CSO(BR) Positively disable the trunk coaxial médipm
~ transmitter

8.2.2.2 MAU Physical Layer to DTE Physical Layer. The following messages can

be sent by the

MAU physical layer entities to the DTE physical layer entities: -
Message Circuit Signal = Meaning
nput DI CD1,CD0  Input information
inpug_idle DI IDL No informatien to be input
mau|available CI IDL '~ MAU js available for output
signal_

I_quality_error . CI Cso .. Error detected by MAU

layer ¥
a CDo
Zero o1

physic
input_|

the D1
by a M
instea
tion of]

8.2.2.2.1 input Message. The MAU physical layer sends an input message to the

or CD1 sent by the MAU to the DTE on the data in circuit. The MAU sends CDO if th
CD1 if the input bit is a one. No retiming of the CD1 or CDO signals takes place withj

B.2.2.2.2 inpui_idle Message..The MAU physical layer sends an input_idle messa,
nl layer when the MAU does not have data to send to the DTE. The physical real
'dle message is the IDL gignal sent by the MAU to the DTE on the data in circuit.

B.2.2.2.3 mau_available Message. The MAU physical layer sends the mau_availal
E physical layer when the MAU is available for output. The mau_available message

U that is_always prepared to output data unless the signal_guality_error message
..Such a MAU does not require mau_request to prepare itself for data output. The ph
the mau_available message is an IDL signal sent by the MAU to the DTE on the cont

B,2.2.2.4 signal_quality_error Message. The signal_quality_error message shall be

DTE physical

vhen the MAU has a bit of data to send to-the DTE. The physical realization of the input message is

b input bit is a
in the MAU.

re to the DTE
ization of the

le message to
Is always sent
shall be sent
ysical realiza-
rol in circuit.

iinplemented

in the

olawine fachion:
OHOWARETasnioNn:

(1) The signal_quality_error message shall not be sent by the MAU if no MAU or only one MAU is

(2)

transmitting on the trunk coaxial medium in the normal mode.

If two or more remote MAUs are transmitting on the trunk coaxial medium, but the MAU connected
to the local node is not transmitting, then the local MAU shall send the signal_quality_error mes-
sage in every instance when it is possible for it to ascertain that more than one MAU is transmitting
on the trunk coaxial medium. The MAU shall make the best determination possible. It is acceptable
for the MAU to fail to send the signal_quality_error message when it is unable to conclusively deter-

mine that more than one MAU is transmitting.
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{3) When the local MAU is transmitting on the trunk coaxial medium, all occurrences of one or more
additional MAUs transmitting shall cause the szgnalwquahty error message to be sent by the local
MAU to its DTE.

When the MAU has completed each output frame it shall perform an SQE test sequence, as defined
in Figs 8-2 and 8-3.

When the MAU has inhibited the transmit function it shall send the signal_guality_error message
in accordance with the jabber function requirements of 8.2.1.5.

4
(5)

The signal_quality_error message shall be asserted less than 9 bit cells after the occurrence of the multi-
ple-transmission condition is present at the MDI and shall no longer be asserted within 20 bit cells after
the indication-of multiple transmissions ceases to be present at the MDI. It is to be noted that an extended
delay in the removal of the signal_quality_error message may affect adversely the access method

performance
The physic

DTE on t}
Note tH
whenever

8.2.3 M
MAU stat
ing requit

1) po
en
end
to

dis
ter
no|
tru
col
€08
not
int

@
®3)
@)
(5)
®)

8.3 MAU

e control in ClI‘Clllt
at the MAU is required to assert the signal_quality_error message at the approp
the MAU is powered and not just when the DTE is providing output data.

AU State Diagrams. The state diagrams Figs 8-2, 8-3, and 8-4 depict'the full set

ements. Messages used in these state diagrams are explained below:

sitive_disable. Activates the positive means provided in the MAU\transmitter to preve
re with the trunk coaxial medium.

mpress data onto the frunk coaxial medium.
able_driver. Deactivates the path employed during nofmal operation to cause the MAT
to impress data onto the trunk coaxial medium.

nk coaxial medium does not exist.
[ision. Signifies that the condition of multiple transmitters 81mu1taneously actlve on
xial medium does exist.

_positive_disable. Deactivates the positive means provided in the MAU transmitter
erference with the trunk coaxial medium.

~-Medium Electrical Characteristics

e functions relative to the control circuits of the DTE-MAU interface for MAUs without

MAU to the

riate times

of allowed
condition-

nt yinterfer-

pble_driver. Activates the path employed during normal eperation to cause the MAU {ransmitter

J transmit-

| collision. Signifies that the condition of multiple transmitters simultaneously actlive on the

the trunk

to prevent

8.3.1 MAU.-to-Coaxial Cable ‘Interface. The following sections describe the interface bg¢tween the

MAU and
tor of the

8.3.1
(not inclu

.1 Input Impvedance. The shunt capacitance presented to the coaxial cable by the MA

the coaxial cable. Negative current is defined as current into the MAU (out of the cen
cable).

ling the means of attachment to the coaxial cable) is recommended to be no greater

The resisqance to.the coaxial cable shall be greater than 100 kQ.

ter conduc-

U cireuitry
than 2 pF.

The to{al capacitive load due to MAU circuitry and the mechanical connector as sy
in 8.5.3: .

ecified

These conditions shall be met in the power-off and power-on, not transmitting states (over the frequen-
cies BR/2 to BR).
The magnitude of the reflection from a MAU shall not be more than that produced by a 4 pF capac1tance
when measured by both a 25 ns rise time and 25 ns fall time waveform. This shall be met in both the power
on and power off, not transmitting states.

8.3.1.2 Bias Current. The MAU shall draw (from the cable) between -+ 2 BA and - 25 pA in the power-
off and the power-on, not transmitting states.
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~ PowerOn
e NOT ISOLATED ... ST SR S QUTPAT...oeeieee]
® disable_driver , —=> @ enable_driver
® mau..available ® mau_available
(if no_collision) (if no_collision)
® SQE (if collision) : ® SQE (if collision)
output_idle
OUTPUT IDLE
® disable._driver
® SQE (if collision)
® mau_available
(if no_collision)
test_timer_done Tw
SQE TEST ucT START TEST TIMER '
e disable_driver o _(disable_driver
® SQE ®-USQE. (if coilision)
{start. test..timer]

NOTE: UCT = uncondiidnal transition
Tw = walt time, see 8.2.1.1

Fig 8-2
Interface Function: Simple MAU Without Isolate Capability

8.3/1.8 Coaxial Cable Signaling Levels. The signal on the coaxial cable due to a sihgle MAU as
measured at the MAU transmitter output is composed of an ac component and an offsef component.
Expresged in terms of current immediately adjacent to the MAU connection (just prior to splitting the cur-
rent flow in each direction) the(signal has an offset component (direct current including the effects of tim-
ing distortion) of from —37 mA minimum to —45 mA maximum and an ac component from +28/mA up to the

The durrent drive liniit-shall be met even in the presence of one other MAU transmitter. A MAU shall be
capabld of maintaining.at least 2.2 V of average dc level on the coaxial cable in the presence of two or more
other MAUs transmitting concurrently. The MAU shall, in addition, sink no more than +250| LA when the

The able drops to
-7V when the MAU is transmlttmg
The 4 | current and

the cable loss to the pomt of measurement Negative current is deﬁned as current out of the center conduc-
" tor of the cable (into the MAU). The 10-90% rise/fall times shall be 25 + 5 ns at 10 Mb/s. The rise and fall
times shall match within 2 ns. Figures 8-5 and 8-6 shows typical waveforms present on the cable. Har-
monic content generated from the BR fundamental periodic input shall meet the following requirements:

2nd and 3rd Harmonics: at least 20 dB below fundamental
4th and 5th Harmonics: at least 30 dB below fundamental
6th and 7th Harmonics: at least 40 dB below fundamental
All Higher Harmonics: . atleast 50 dB below fundamental

NOTE: Even harmonics are typically much lower.
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\J/ PowerOn
v JSOLATED e | MAU_IDENTIFY |
@ positive_disable” mau._request ® positive_disable
@ disable_.driver ® disable_driver
® mqu.__cvoiloble' ) mau_requast ® mau_.not_available
(if no_.collision)
® SQE (if collision) »
ISOLATED OUTPUT
normal Y/ ) W AR R PR iAo r SRSt I A SN
isolate ® positive_disable
NOT ISOLATED @ enable_driver
.................. T output ® mau_available
@ not_positive__disable . ollis}
@ disable_.driver , (it no_coliision)
- Habt ® SQE (if colilsion)
(if no_collision) J/ Output_ldle
® SQF (if collision) OUTPUT IDLE
Ve pesttive disabis
\|/ output @ disable_driver
............ QUIPUT ... : ® SQE (if collision)
® not_positive._.disable ® mau..availoble
@ enable_driver (if ‘no.collision)
® mau_.available \]/ Tw
(if no_collision) START TEST TIMER 2
® SQE (if collision) "o positive_disable
\l/ output_idle : (J dgubée _-driver |
® SQE (if collision
. OQUTPUT IDLE ‘ ® mau_available
® not_positive_disable (if no_.collision)
@ disable_.driver (start_test_timerl
® SQE (if collision) \k ucT
® mau_.available SQE TEST 2
(if no_collision) | test_timer_done .posmve..dlsable """"
\l/ Tw ® disable_driver
., START, TEST TIMER 1. % sqe
® not_ positive_disable
@ disable_driver - SQE TEST 1
® SQE (if c?lhsnon) test_timer_done ® not__positive_.disable
® mau._available) UCT ® disable_driver
(if no_collision) ® SQE
[start_test.timer]
NOTE: UCT = unconditional transition
Tw = wait time, see 8.2.1.1
Fig 8-3
Interface Function: Simple MAU with Isolate Capability

The above specifications concerning harmonics cannot be satisfied by a square-wave with a single-pole
filter, nor can they be satisfied by an output waveform generator employing linear ramps without addi-
tional waveshaping. The signals as generated from the encoder within PLS shall appear on the coaxial
cable without any inversions (see Fig 8-6).

8.3.14 Transmit Output Levels Symmetry. Signals received from the AUI DO circuit shall be
transmitted onto the coaxial cable with the characteristics specified in 8.3.1.3. Since the coaxial cable pro-
ceeds in two directions from the MAU, the current into the MAU is nominally twice the current measured

on the coaxial cable.
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Power On

NO ouTPUT

[reset frame timer]
freset unjab timer]

MAU TRANSMITTER ACTIVE

START TIMER

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

{start frame__timerl

[ Vs
o

v LEGAL—LENGTH OUTPUT
P (MAU TRANSMITTER  frroreererssmsmmimssisnssssseicmnseseens

NOT ACTIVE)

(MAU TRANSMITTER ACTIVE) | # frame_.timer_done

isolate * (MAU HAS |"¢"'sqE
MONITOR FUNCTION) | @ positive_disable

output_idle * { (MAU WITHOUT MONITOR FUNCTION) #
h ‘ (MAU WITH UNJAB' TIMER)

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

® positive_.disable

® SQE | .
{start unjab..timer)
(if self—-powered MAU)

uct

UNJAB WAIT

@ positive_disable output’
@ SQE :

unjab’._timer_done ]

Fig 8-4
Jabber Function

Theloutput-signal of a MAU meeting this specification shall exhibit edge jitter of no more than 2.5 ns into
a 25 Q£1% res1stor substltuted for the connectlon to the coaxial cable when the DO circuit|into the MAU
is drive ; : Hh data from a data
generator that exh1b1ts no more than O 5 ns of edge Jltter on half b1t cells of exactly 1/2 BT whose output
meets the specifications of 7.4.1.1 through 7.4.1.5. The above specified component is not to introduce more
than 2 ns of edge jitter into.the system.

The MAU shall not transmit a negative going edge after cessation of the CD output data stream on DO
or before the first edge of the next frame on the DO circuit.

8.3.1.5 Receive Collision Detect Threshold. It is recommended that the MAU implement the colli-
sion detect function with a —=1.492 V to ~1.629 V threshold range corresponding to the recommended toler-
ances for coax drive currents specified in 8.3.1.3. The threshold voltage is measured on the coax at the
MAU connector.
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~17 mA X mA
-41 £ 4 mA
-65 mA
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Fig 8-5
Recommended Driver Current Signal Levels
— 0V
— —=2.05V
NOTES: (1) Voltages given are nominal, for @'single transmitter
(2) Rise and fall time is 25 ns nominal at 10 Mb/s rate
(3) Voltages are measured on terminated coaxial cable adjacent to transmitting MAU
(4) Manchester coding
Fig 8-6
Typical Coaxial Trunk Cable Signal Waveform
n detection threshold voltages tighter than those recommended above may be used|to improve
collision @etection performance in the presence of noise on the coax, poor system component tolerances, and
coaxial tansmit levelsioutside of the recommended range.
A MAU that implénients the recommended receive threshold shall be considered to have implemented
ode collision detect. Receive mode collision detect indicates that a nontransmitting MIAU has the
capability to detect collisions when two or more MAUs are transmitting simultaneously. Regeater units
require both"MAUs directly connected to it to implement receive mode collision detection.? ‘

8.3.2 MAU Electrical Characteristics

8.3.2.1 Electrical Isolation. The MAU must provide isolation between the AUI cable and the coaxial
trunk cable. The isolation impedance measured between each conductor (including shield) of the AUI cable
and either the center conductor or shield of the coaxial cable shall be greater than 250 kQ at 60 Hz and not
greater than 15 Q between 3 MHz and 30 MHz. The breakdown of the isolation means provided shall be at
least 250 V ac, rms. See references [A7], [A8], and [A9]. :

9Repeatered networks may require all MAU components to use the recommended coaxial drive connect levels. This matter is under
consideration.
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8.3.2.2 Power Consumption. The current drawn by the MAU shall not exceed 0.5 A as powered by

the AUIT source. The MAU shall be capable of operating from all possible voltage sources as supplied by the

DTE through the resistance of all permissible AUI cables. The MAU shall not disrupt the trunk coaxial

medium should the DTE power source fall below the minimum operational level under abnormal MAU
load conditions.

The MAU shall be labeled externally to identify the maximum value of current required by the device at

any specified input voltage.

8.3.2.3 Reliability. The MAU shall be designed to provide an MTBF of at least 1 million hours of con-
tinuous operation without causing communication failure among other stations attached to the local net-
work medium. Component failures within the MAU electronics should not prevent communication among
other MAUs on the coaxial cable. Connectors and other passive components comprising the means of con-
necting the MAU to the coaxial cable shall be des1gned to minimize the probablhty of total network failure.
It shes t10 a X )
nicatioh fallure among other statxons

8.3.3 MAU-DTE Electricsl Characterlstlcs The electrical characteristics for the'driver and receiver
components connected to the branch cable within the MAU shall be identical to those as specified in Sec-
tion 7 of this standard.

8.3.4 MAU-DTE Mechanical Connection. The MAU shall be prov1ded with a 15-pin male connector
as specified in detail in the AUI specification, Section 7.

8.4 Chhracteristics of the Coaxial Cable. The trunk cable is of constant impedance, coakial construc-
tion. It|is terminated at each end by a terminator (see 8.5.2), and provides the transmission path for MAU
device ¢onnection. Coaxial cable connectors are used to make the connection from the cable tq the termina-
tors, and between cable sections (if needed). The cable hagvarious electrical and mechanical requirements
that shiall be met to ensure proper operation.

8.4.1| Coaxial Cable Electrical Parameters

8.4.1.1 Characteristic Impedance. The average characteristic cable impedance shalll be 50 + 2 Q,
measunted according to IEC Publications 96-1'{2] and 96-1A [3]. Periodic variations in impedance along a
single piece of cable may be up to * 3 Q sinusoidal centered around the average value, with a|period of less
than 2 m.

NOTE: If the requiremerits of 8.4.2.1.1 (2), 84.2.1.2,84.2.1.3, 8.4.2.1.4 (2) are met, then it is expected that the chanacteristic imped-
ance periodicity requirement shall be considered met. )

8.4.1.2 Attenuation, The attenuation of a 500 m (1640 ft) cable segment shall not ¢xceed 8.5 dB
(17 dB/km) measured with,a 10 MHz sine wave, nor 6.0 dB (12 dB/km) measured with a 5 MHz sine wave.

8.4.1.8 Velocity of Propagation. The minimum required velocity of propagation is 0.77 c.

8.4.1.4 Edge Jitter, Untapped Cable. Untapped coaxial cable meeting this specification shall exhibit
edge jifiter of no more the 8.0 ns in either direction at the receiving end when 500 m of the cable is termi-
nated gt both ends w1th termmators meetmg the impedance reqmrements of 8. 5 2, 1 and is driven at one

aste oded binary ds : ene 3 sno more than
1.0ns of edge Jltter in elther d1rect10n on half bit cells of exactly 1/2 BT and whose output meets the speci-
fications of 8.3.1.3 except that the rige time of the signal must be 30 ns + 0, — 2 ns, and no offset component
in the output current is required. This test shall be conducted in a noise-free environment. The above spec-
ified component is not to introduce more than 7 ns of edge jitter into the system.

8.4.1.5 Transfer Impedance. The coaxial cable medium shall provide sufficient shielding capability
to minimize its susceptibility to external noise and also to minimize the generation of interference by the
medium and related signals. While the cable construction is not mandated; it is necessary to indicate a
medasure of performance expected from the cable component. A cable’'s EMC performance is determined, to
a large extent, by the transfer impedance value of the cable. See reference [A12].
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The transfer impedance of the cable shall not exceed the values shown in Fig 8-7 as a function of fre-
~ quency.

100
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6 D TS DG G S SRR SR SR o G RN I GENS SRS _-———7

ma/m
[3,]
_

0.5 -
\ /i
0.2 — : Y/ i
1
O 1 . " LS 1

10K 100K 1M 3M  10M_N30M  100M
FREQUENCY (Hz)
Fig 8-7

Maximum Coaxial Cable Transfer Impedance

8.4.116 Cable DC Loop Resistance. The sum of the center conductor resistance plus the shield resis-
tance, mdasured at 20 °C, shall not exceed 10 mQ/m!

8.4.2 Coaxial Cable Properties

ments, including but not limited to, -dropped ceilings, raised floors, cable troughs, and throughout open
floor spa¢e. The jacket shall provide insulation between the cable sheath and any building structural
metal. Also, the cable shall be capable of accepting coaxial cable connectors, described in 8.5( The cable
shall conform to the following requirements.

8.4.2{1 Mechanical Requirements. The cable used should be suitable for routing in vari}s environ-

8.4.2.1.1 General €onstruction

(1) The coaxial cable shall consist of a center conductor, dielectric, shield system, and overal] insulating
jagket,

(2) The concentnclty (for example pos1t10na1 relatlonshlp between center conductor to sh eld system
3 : ha e ed-inlaceordance

with the followmg general conﬁguratlon

(jacket radius) — (center offset)

100292%
jacket radius x 1002 92%

It is assumed that the offset and radius values are worst case at any point within the measured
system. :

(3) The coaxial cable jacket, shield system, and dielectric material shall be pierceable either by means
of the connector type specified in 8.5.3.2 or by an external core tool. Overall cable system pierceabil-
ity (the ability of a tap probe to pierce the jacket, shields, and dielectric cable system without
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substantial dielectric deformation and without causing a short circuit between center conductor and

shield system) is a vital parameter affecting tap connection reliability.
Pierceability of the cable system can be measured in terms of the probe’s load versus

displacement

signature. A pierceable cable exists where the displacement is > 1.52 mm (0.06 in) between rupture

(piercing) of the shield system and contact with the center conductor.

(4) The coaxial cable shall be sufficiently flexible to support a bend radius of 254 mm (10 in).

8.4.2.1.2 Center Conductor. The center conductor shall be 2.17 mm * 0.013 mm (0.0855 +

0.0005

in) diameter solid copper.

8.4.2.1.3 Dielectric Material. The dielectric may be of any type provided the conditions of 8.4.1.2,

8.4.1.3,

The shielding system may contain both braid and foil elements sufficient to-meef

&)

2
3
4

(1)
(2)

The
install
ropolyl
refere

8.4.2.2 Jacket Marking. The cable jacket shall be marked with annular rings in a col

and 8.4.2.1.1(3) are met.

impedance of 8.4.1.5 and the EMC specifications of 8.7.2.

The inside diameter of the innermost shield shall be 6.15 mm (0.242 in) minimum.
The outside diameter of the outermost shield shall be 8.28 mm * 0.178 mm (0.326 £ 0
The outermost shield shall be greater than 90% coverage. The use of'tinned copper bz
to meet the contact resistance requirements.

8.4.2.1.5 Overall Jacket -

Any one of several jacket materials shall be used provided the specifications of 8.4.1
gli;er of two jacket dimensions may be used for the two broad classes of materials|
specification of 8.4.2.1.1 are met:

@ (0.405 nominal + 0.007 in).
® 0.254 mm (0.375 nominal + 0.0101n).

cable shall meet applicable flammability and smoke criteria and local and national|
bd environment. See 8.7.4. Different types of cable sections (for example, polyvinyl chl
mer dielectric) may be ihferconnected, while meeting the sectioning requiremen
ces [A6] and [A14].

Fluoropolymer (for example, FEP, E-CTFE) or equivalent having an OD of

the transfer
007 in).

aid is advised

and 8.4.2 are

provided the

Polyvinyl Chloride (for example, PVC) or equivalent having an OD of 10.287 mm =+ 0.178 mm

9.525 mm *

codes for the
ride and fluo-

Js of 8.6. See

br contrasting

with the background color of the jacket. The rings shall be spaced at 2.5 m + 5 cm regularly along the entire

length
section
recom
that

an;‘mally used for power mains.

of the cable, It.is permissible for the 2.5 m spacing to be interrupted at discontinuities
s joined by’connectors. (See 8.6.2.2 for MAU placement rules that mandate cable m|
ended that the base color of the cable jacket itself be a bright color (for example, yelld

between cable
arkings.) It is
w) other than

8.4‘L
resista

nce shall not exceed 5 £ total per segment
Each in-line connector pair or MAU shall be no more than 10 mQ. Use of these components reduces the
overall allowable segment length accordingly. Values given above are at 20 °C. For temperature variations,
cable length shall be adjusted accordingly such that the 5 Q total is not exceeded.
If a trunk coaxial cable segment consists of several cable sections, then all connectors and internal resis-
tance of the shield and center conductor shall be included in‘the loop resistance measurement.

S, and shield

8.5 Coaxial Trunk Cable Connectors. The trunk coaxial medium requires termination and may be
extended or partitioned into sections. Devices to be attached to the medium as MAUs require a means of
connection to the medium, Two basic connector types provide the necessary connection means:
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ndard Type N connectors (IEC Publication 169-16 [4])

(2) A coaxial “tap” connector

1993 Edition

All Type N connectors shall be of the 50 Q constant impedance type. Since the frequencies present in the
transmitted data are well below UHF range (being band-limited to approximately 20 MHz), high-quality
versions of the connectors are not required (but are recommended).

All of the coaxial tap connectors shall follow the requirements as defined in 8.5.3.

8.5.1 Inline Coaxial Extension Connector. All coaxial cables shall be terminated with the Type N
plug connectors. A means shall be provided to ensure that the connector shell (which connects to the cable
sheath) does not make contact with any building metal or other unintended conductor. An insulating sleeve
or boot slipped over the connector at installation time is suitable.

Inline coax1al extensmns between two sections of coaxial cable shall be made with a palr of Type N recep-

8.5.2 Cq

8.5.2.
cable equs
cables. Tey
impedancs
impedancs

8.5.2.
nient loca

connector

NOTES: (1) 2
satisfy this rg

(2) Alterna

8.5.3 MJ

the coaxial

cantly; it §
This is fag
nector are

Overall
shunt cap
If the de
ial cable s
ered cable
The typ¢
impact on
If the dd

coaxial caFe and the input of the MAU jeopardize this objective,

]l in value to its characteristic impedance, thereby minimizing refléction from the @

ant rating of at least 1500 ampacity be provided on ¢ne of the two terminators or on ong

axial Cable Terminator

Termination. Coaxial cable terminators are used to provide a termination impeda

nce for the
nds of the

minators shall be packaged within an inline female receptaclé connector. The t¢rmination -

shall be 50 Q + 1% measured from 0 — 20 MHz, with the magnitude of the phase aj
not to exceed 5°. The terminator power rating shall be 1 W or greater.

ngle of the

Earthing. Either the coaxial cable terminator or inliné.extension connector provid¢s a conve-

ion for meeting the earth grounding requirement of 8.6.2.3. It is recommended that a

sed within a cable segment.

single ground return lug on an inline connector located in the center of the cable transmission system m
quirement.
ively, terminators might be supplied in pairs, one,with and one without the ground lug connection point.

AU-to-Coaxial Cable Connection{’A means shall be provided to allow for attaching
cable. The connection shall not disturb the transmission line characteristics of the ¢
thall present a predictably low<shunt capacitance, and therefore a negligibly short s
ilitated by the MAU being located as close to its cable connection as possible; the MAJ
normally considered to-be'one assembly. Long (greater than 30 mm) connections be

ystem performanceis dependent largely on the MAU-to-coaxial cable connection be
citance.

shall be type N, as specified in 8.5.1.
e N connectors selected should be of high quality (that is, low contact resistance) to mi
system performance.
sign’of the connection is such that the piercing tap connector is to be used without se

sign of the conneection is such that the coaxial cable is to be severed to install the MAU,
boment shallistill meet the sectioning requirements of 8.6.2.1. Coaxial connectors used on a sev-

bround lug
extension

by be used to

a MAU to
le signifi-
b length.
J and con-
tween the
ing of low

the coax-

nimize the

vering the

cable, then the Tap connector and cable assembly shall conform to the mechanical and electrical require-
ments as defined throughout 8.5.3.1 and 8.5.3.2.

8.5.3.1 Electrical Requirements. Requirements for the coaxial tap connector are as follows:

(1) Capacitance: 2 pF nominal connector loading measured at 10 MHz.

NOTE: Total capacitance of tap and active circuitry connected directly shall be no greater than 4 pF. Specific implementa-
tions may allocate capacitance between tap and circuitry as deemed appropriate.

(2) Contact resistance (applies to center conductor and shield contacts): 50 mQ maximum for both
shield and center conductor over useful connector lifetime.
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(3) Contact material: surface material on signal probe or shield sufficient to meet contact resistance
requirements in environment and over time.

(4) Voltage rating: 600 V dc or ac rms maximum.

(5) Insulation: dc leakage resistance of tap housing shall be higher than 1 GQ between braid and exter-
nal conductors in the normal operating environment.

(8) Probe current rating: 0.1 A per contact (probe and shield)

(7) Shield current rating: 1 A surge for 1 s

8.5.3.2 Mechanical Requirements

8.5.3.2.1 Connector Housing. Shielding characteristics: > 40 dB at 50 MHz,

: ontact Reliahility. Qverall performance of the LAN a Jarge extent on
the rgliability of the coaxial cable medium and the connection to that medium. Tap connpction systems
should consider the relevant electrical and mechanical parameters at the point of electrical connection
betwelen tap probe and cable center conductor to ensure that a reliable electrical "eontadt is made and
retairjed throughout the useful life of these components. It is recommended that some means be provided
to endure relatively constant contact loading over time, with creep, in temperature, and typical environ-
ment| Typical coaxial tap connector configurations are shown in Figs 8-8 and 8-9. See references [Al], ‘
[A15]] and [A16]. :

il GEPENG O

CABLE TROUGH

TAP BLOCK COAXIAL.CABLE

TAP SCREW

NOTE: Tutorial only and not part of specification

Fig 8-8
Coaxial Tap Connector Configuration Concepts

8.5.3.2.3 Shield Probe Characteristics. The shield probe shall penetrate the ciFle jacket and

outer [layer(s) of the shield system to make effective capture of the outer braid (pick 2 or more typical
strands)

8.6 System Considerations

8.6.1 Transmission System Model. Certain physical limits have been placed on the physical transmis-
sion system. These revolve around maximum cable lengths (or maximum propagation times), as these
affect critical time values for the CSMA/CD access method. These maxima, in terms of propagation times,
were derived from the physical configuration model described here. The maximum configuration is as fol-
lows:

(1) A trunk coaxial cable, terminated in its characteristic impedance at each end, constitutes a coaxial

segment. A coaxial segment may contain a maximum of 500 m of coaxial cable and a maximum of
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MAU
SIGNAL RETURN
(] |

L JACKET
- SHIELD SYSTEM
Y e DIELECTRIC
COAXIAL CENTER
CABLE CONDUCTOR

SHIELD SYSTEM

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ <+ JACKET

C = CAPACITIVE LOADING, SEE 85.3,1

R = CONTACT RESISTANCE, SEE 8.5.3.1

Fig 8-9
Typical Coaxial Tap Connection Circuit

100 MAUs. The propagation velocity of the coaxial cable is assumed to be 0.77 ¢ minimum (c =
300 000 km/s). The maximum end-to-end propagationdelay for a coaxial segment ig 2165 ns.

(2) Agoint-to-point link constitutes a link segment. A link segment may contain a maximum end-to-end
prapagation delay of 2570 ns.

(3) Repeater sets are required for segment interconnection. Repeater sets occupy MAU positions on
cogxial segments and count toward the magimum number of MAUs on a coaxial segment. Repeater
sets may be located in any MAU position.on a coaxial segment but shall only be located at the ends
of a link segment,. '

(4) The maximum length, between driver-and receivers, of an AUI cable is 50 m. The propagation veloc-
ity|of the AUI cable is assumed to'be 0.65 ¢ minimum. The maximum allowable end-to-end delay for
the AUI cable is 257 ns.

(56) The maximum transmission:path permitted between any two stations is five segnjents, four
regeater sets (including optional AUIs), two MAUSs, and two AUIs. Of the five segments ajmaximum
of three may be coaxial.segments; the remainder are link segments.
NOJE: If only two link segments are used in the entire network and they are adjacent, the repeater set joining them is not
required (see Fig 8-14). End-to-end jitter, propagation delay, and attenuation requirements shall still be met.

The maximum transmission path consists of 5 segments, 4 repeater sets (with AUIs), 2 MAUSs, and

2 AUISs (s¢e Fig 8-10). The total number of segments equals the number of link segments plus the number
of coaxial segments. If there are two link segments on the transmission path, there may be a mpaximum of
three coaxial segments on that path If there are no hnk segments ona transmlssmn path, therg may be a
maximum 3 ¢ c o 8

Figures 8-11, 8-12, 8 13 and 8-14 show transmlssmn systems of various sizes to illustrate the boundary

conditions on topologies generated according to the specifications in this section.

8.6.2 Transmission System Requirements

8.6.2.1 Cable Sectioning. The 500 m (1640 ft) maximum length coaxial cable segment need not be
made from a single, homogeneous length of cable. The boundary between two cable sections (joined by
coaxial connectors: two male plugs and a barrel) represents a signal reflection point due to the impedance
discontinuity caused by the batch-to-batch impedance tolerance of the cable. Since the worst-case variation
from 50 Q is 2 Q, a possible worst-case reflection of 4% may result from the joining of two cable sections.
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REPEATER ~ REPEATER = REPEATER  REPEATER STATION

STA;”°N SET SET SET SET i
1 2 3 4
Fig 8-10

Maximum Transmission Path

Coanxial Cable Segment
{500 m max)

<«— AUl Cable Cooxial Cable
50 m max i/

[ =1 =

T 7 T.eT

MAU & Connection

Station to Coaxial Cable
—> (100 max

per segment)

Fig 8-11
Minimal System Configuration

<— STATION

AL 4

r
S 1\ L R E
SEGMENT 1
REPEATER SET —»
‘ 1

SEGMENT 2

b oy

__£

' Fig 8-12
Minimal System Configuration Requiring a Repeater Set
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Fig 8-14
An Example of a Large Point-to-Point Link System (5140 ns)

The configuration of long cable segments (up to 500 m) from smaller sections must be made with care. The
. following recommendations apply,and are given in order of preference: ~

(1) If possible, the totdl segment should be made from one homogeneous (no breaks) cable. This is feasi-
blelfor short segments, and results in minimal reflections from cable impedance discontinuities.

(2) If chble segments are built up from smaller sections, it is recommended that all sections come from
the|same manufacturer and lot. This is equivalent to using a single cable, since the cable discontinu-
ities are-due to extruder limitations, and not extruder-to-extruder tolerances. There are no restric-
tions in cable sectlomng if th1s method is used. However if a cable section in such a system is later
e 6d e S e same ma 3 , ot, or with
one of the standard lengths descr1bed below

(3) If uncontrolled cable sections must be used in building up a longer segment, the lengths should be
chosen so0 that refiections, when they occur, do not have a high probability of adding in phase. This
can be accomplished by using lengths that are odd integral multiples of a half wavelength in the
cable at 5 MHz; this corresponds to using lengths of 23.4 m, 70.2 m, and 117 m (+ 0.5 m) for all sec-
tions. These are considered to be the standard lengths for all cable sections. Using these lengths
exclusively, any mix or match of cable sections may be used to build up a 500 m segment without
incurring excessive reflections.

NOTE: If cable segments are to be added to existing installations, then care shall be taken (explicit physical or TDR mea-
surements) to ensure that no more than a 500 m cable segment results.

133


https://iecnorm.com/api/?name=f1be158f1b5e8fd7304e79a44c09d06a

ISO/EC 8802-3 : 1993 :
ANSI/IEEE Std 802.3, 1993 Edition LOCAL AND METROPOLITAN AREA NETWORKS: -

(4) As a last resort, an arbitrary configuration of cable sections may be employed, if it has been con-
firmed by analysis or measurement that the worst-case signal reflection due to the impedance dis-
continuities at any point on the cable does not exceed 7% of the incident wave when driven by a
MAU meeting these specifications.

8.6.2.2 MAU Placement. MAU components and their associated connections to the cable cause signal
reflections due to their noninfinite bridging impedance. While this impedance shall be implemented as
specified in Section 7, placement of MAUs along the coaxial cable must also be controlled to ensure that
reflections from the MAU do not add in phase to a significant degree.

Coaxial cables marked as specified in 8.4.2.2 have marks at regular 2.5 m spacing; a MAU shall only be
placed at a mark on the cable. This guarantees both a minimum spacing between MAUs of 2.5 m, and con-
trolling the relative spacing of MAUs to ensure nonalignment on fractional wavelength boundaries.

The total number of MAUs on a cable segment shall not exceed 100.

8.6.2.3 Trunk Cable System Grounding. The shield conductor of each coaxial cable’segment shall
make é¢lectrical contact with an effective earth reference (see Annex) at one point and shall not make electri-
“cal contact with earth elsewhere on such objects as building structural metal, ducting, plumbing fixture, or
other yinintended conductor. Insulators may be used to cover any coaxial connectors used to[join cable sec-
tions dnd terminators, to ensure that this requirement is met. A sleeve or boot, attached at ingtallation time
is acceptable.

Thiq specification is intended for use within (intraplant) buildings. Applications requiring interplant con-
nectiops by way of external (outdoors) means may require special consgideration beyond th scope of the
standqrd. '

The [sheath conductor of the AUI cable shall be connected to the€arth reference or chassis|of the DTE.

8.6. Labelilig. It is recommended that each MAU (and supporting documentation) be labgled in a man-
ner vigible to the user with at least these parameters: ‘

(1) |Data rate capability in Mb/s
(2) |Power level in terms of maximum current drain
(3) |Safety warning (for example, shock hazard)

8.7 Erfvironmental Specifications

8.7.1 General Safety Requirements. All stations meeting this standard shall conform td one of the fol-
lowing| IEC Publications: 380 [5];.435 [6], or 950 [8].

NOTE: For ISO/IEC 8802-3:1993, conformance shall be to IEC 950 (8].

8.7.2 Network Safety Requirements. This section sets forth a number of recommendati¢ns and guide-
lines related to safety  concerns, the list is neither complete nor does it address all possible|safety issues.
The ddsigner is urged. to consult the relevant local, national, and international safety regulations to ensure
complipnce with{he appropriate standards. References [A5] and [A9] provide additional guidance.

Locdl area network trunk cable systems as described in this standard are subject to at least four direct
electrigal safety hazards during their use. These hazards are

(1) aet-bebw ; W o1APe bs-and-pe 0
(2) Static charge buildup on local network cables and components.
(3) High-energy transients coupled onto the local network cabling system. ,
(4) Potential differences between safety grounds to which various network components are connected.

These electrical safety hazards, to which all similar cabling systems are subject, should be alleviated
properly for a local network to perform properly. In addition to provisions for properly handling these faults
in an operational system, special measures must be taken to ensure that the intended safety features are
not negated during installation of 2 new network or during modification of an existing network.

Proper implementation of the following provisions will greatly decrease the likelihood of shock hazards
to persons installing and operating the local area network.
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8.7.2.1 Installations. Sound installation practice, as defined by applicable local codes and regulations,
shall be followed in every instance in which such practice is applicable.

" 8,7.2.2 Grounding. The shield of the trunk coaxial cable shall be effectively grounded at only one
point along the length of the cable. Effectively grounded means permanently connected to earth through a
ground connection of sufficiently low impedance and having sufficient ampacity to prevent the building up
of voltages that may result in undue hazard to connected equipment or to persons.

8.7.2.83 Safety. All portions of the trunk cabling system that are at the same potential as the trunk
cable shall be insulated by adequate means to prevent their contact by either persons or by unintended
conductors or grounds. The insulation employed shall provide the same or greater dielectric resistance to
current flow as the insulation required between the outermost shield of the trunk cable and the above-men-
tioned unintended conductors. The use of insulating boots is permitted, provided that such boots (or
i ctri i ter i i aracteristics

removed easily (that is, they shall prevent inadvertent removal by a system operatonx).
[J shall be so designed that the provisions of 8.7.2.3 and 8.7.2.4 are not defeateddf the|connector

The MA
affixing the AUI cable to the MAU is removed.

Portions| of the trunk cabling system that may become live during the dissipation of a-high-enlergy tran-
sient by thie cabling system shall also be insulated as described in 8.7.2.3.

that will shunt high-energy transients to an effective ground either through‘a separate safety ground con-
through the overall shield of the branch cable. The breakdown, voltage of this controlled break-
must meet the isolation requirements for the MAU specified-in 8.3.2.1.

8.7.2.4 Breakdown Path. MAUs meeting this standard should provideca controlled breal;{own path

nection or
down path|

8.7.2.5
fied in 8.3.

Isolation Boundary. The isolation boundary between'the branch cable and trunk cable speci-
p.1 shall be maintained to properly meet the safetyfequirements of this standard.

WARNING: It is assumed that the DTE equipment is properly earthed and not left floating or|serviced
by “doublly insulated ac power distribution system.” The use of floating or insulated DTEs is beyond the
scope of this standard.

8.7.2.6 Installation and Maintenance Ghidelines
(1) When exposing the shield of the:trunk coaxial cable for any reason, care shall be exercised to ensure
that the shield does not make. electrical contact with any unintended conductors or grounds. Person-
nel performing the operation should not do so if dissipation of a high energy transient by the cabling
system is likely during the time the shield is to be exposed. Personnel should not contagt both the
shigld and any grounded-conductor at any time.
Before breaking the trunk coaxial cable for any reason, a strap with ampacity equal to that of the
“shigld of the coaxial cable shall be affixed to the cable shield in such a manner as to join the two

2)

pied
be 1

(3) Aty

es and to maintain continuity when the shield of the trunk cable is gsevered. This stra
emoved until after normal shield continuity has been restored.
o timé&should the shield of any portion of the coaxial trunk cable to which an MAU or

to

shall not

MAUs are
hg cable is

attﬂched be permitted to float without an effective ground connection. If a section of floatiy

e added to an existing cable system, the installer shall take care not to complete 1

he circuit

between the shield of the floating cable section and the grounded cable section through body contact.

4)
inst

(5)

aller with the cautions mentioned in the above paragraphs.

sonnel to the safety notes in the installation instructions.

8.7.3 Eléctromagnetic Environment

The installation instructions for network components shall contain language which familiarizes the

Network components shall contain prominent warning labels that refer installers and service per-

8.7.3.1 Susceptibility Levels. Sources of interference from the environment include electromagnetic
fields, electrostatic discharge, transient voltages between earth connections, and similar interference. Mul-
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tiple sources of interference may contribute to voltage buildup between the coaxial cable and the earth con-

nection of a DTE.
The physical channel hardware shall meet its specifications when operating in either of the following

conditions:

(1) Ambient plane wave field of 2 V/m from 10 kHz through 30 MHz, 5 V/m from 30 MHz through

1 GHz.
NOTE: Levels typically 1 km from broadcaét stations.

(2) Interference voltage of 1 V/ns peak slope, between coaxial cable shield and DTE earth connection;
for example, 15.8 V peak for a 10 MHz sine wave with a 50 Q source resistance.

MAUSs meeting this standard should provide adequate rf ground return to satisfy the referenced EMC
specificaffions.

.2 Emission Levels. The physical MAU and trunk cable system shall comply with applicable
national codes such as FCC Docket 20780-1980 [A1l] in the USA. Equipment shall ¢omply with
national requirements for limitation of electromagnetic interference. Wheréno local|or national
ents exist, equipment shall comply with CISPR Publication 22 [1]. '

8.7.4
operate

emperature and Humidity. The MAU and associated connector/cable systems are expected to
ver a reasonable range of environmental conditions related to température, humidity, and physi-
cal handling such as shock and vibration. Specific requirements and values for these parameters are con-
sidered to be beyond the scope of this standard. Manufacturers are requested to indicate in the literature
associateéd with the MAU (and on the MAU if possible) the operating environment specificatipns to facili-
tate selection, installation, and maintenance of these components) See reference [A10) for specjfication ter-

8.7.5 Regulatory Requirements. The design of MAU and medium components should tgke into con-
ign applicable local or national requirementsSeée references [A5], [A6], [A7], [A8], [A9], and [All]

and Apglendix A for helpful resource material.

10Appendix A provides useful system guidelines on delays and bit budgets.
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9. Repeater Unit for 10 Mb/s Baseband Networks

9.1 Overview. This section specifies a repeater for use with type 10BASE5, 10BASE2, and 10BASE-T net-
works and fiber optic inter-repeater links (FOIRLs). A repeater for any other ISO 8802-3 network type is
beyond the scope of this section.

A repeater set connects segments of network medium together, thus allowmg larger topologies and a
larger MAU base than are allowed by rules governing individual segments (that is, for 10BASE5, 500 m
and 100 stations; for 10BASE2, 185 m and 30 stations; for 10BASE-T, nominal 100 m link segment).

Repeater sets are used to extend the network length and topology beyond What could be achleved by a
single coaxial-se 6-0r 10 : : ater set (Fig
9-1) or by pa1rs of repeater umts Wh1ch are, in turn connected by 1nter-repeater 11nks (IRLs) Allowable
topologies ghall contain only one operative signal path between any two points on the neétwork. A maxi-
mum of four repeater sets may be in the signal path between any two stations on_the network (this
assumes two link segments). '

r-————-‘——————

1 MAU ) COAX SEGMENT
! |
I | prrrumnnaaEaed e .
| i P MAUN » COAX SEGMENT
r R P : -
1 R
i L AU (OPTIONAL)
.................. l.......'.--~‘.......p..--....
I 1 ]
l . . ey sa sy . »
[ - -]
| AUI(OPTIONAL) |
1 |
| ] COAX SEGMENT
] MAU 1
| T -y . |

NOTE: The AUl is not necessarily exposed when the MAU is, optionally, part of the physical repeater.

Fig 9-1
Repeater Set, Coax-to-Coax Configuration

MAUs with the exception of the signal_quality_error test function. A manufacturer may, optionplly, inte-
grate one of all MAUs into a single package with the repeater unit (internal MAUs). In all cases, the MAU
portion of the repeater set must be counted toward the maximum number of MAUs on each segment, as
specified inf 8.6.and 10.7. A repeater set is not a station and does not count toward the overall linftn of 1024
stations on a network.

A repeater set can receive and decode data from any segment under worst-case noise, timing, and signal
amplitude conditions. It retransmits the data to all other segments attached to it with timing and ampli-
tude restored. The retransmission of data occurs simultaneously with reception. If a collision occurs, the
repeater set propagates the collision event throughout the network by transmitting a Jam signal.

If the re:rater set uses MAUs connected via AUIs to a repeater unit, the external MAUs she::tA be basic

9.2 Definitions

data frame. Consists of the Destination Address, Source Address, Length Field, LLC Data, Pad, and
Frame Check Sequence.
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Fiber Optic Medium Attachment Unit (FOMAU). The portion of the physical layer between the
FOMDI and AUI (or repeater unit physical layer signaling [PLS] when the AUI is not implemented) which
contains the electronics that transmit, receive, and manage the encoded signals impressed on, and recov-
ered from, the optical fiber cable link segment.

Fiber Optic Medium-Dependent Interface (FOMDI) The mechanical and optical interface between
the optical fiber cable link segment and the FOMAU.

Fiber Optic Physical Medium Attachment (FOPMA). The portion of the FOMAU that contains the
functional circuitry.

FOIRL BER. Mean bit error rate of the FOIRL.

FOIRL Collision. Simultaneous transmission and reception of data in a FOMAU.

FOIRL Compatibility Interfaces. The FOMDI and the AUI (optional); the two points at which hardware
complatibility is defined to allow connection of independently designed and mantfsactured components to
the baseband optical fiber cable link segment.

FOMAU’s Transmit Optical Fiber. The optical fiber into which the loeal FOMAU transmits signals.
FOMAU’s Receive Optical Fiber. The optical fiber from which the local FOMAU receives signals.
IRL (Inter-Repeater Link). A mechanism for interconnectinig two and only two repeater pnits.

link |segment. The point-to-point full duplex medium connection between two and only two Medium-
Dependent Interfaces (MDIs).

optical fiber. A filament-shaped optical waveguide made of dielectric materials.
Optical Fiber Cable Interface. See FOMDI.

Optical Fiber Cable Link Segment. A length of optical fiber cable that contains two optical fibers, as ‘
specified in 9.9.5.1, and is comprised of one or more optical fiber cable sections and their means of intercon-
nectipn, with each optical fiber terminated at each end in the optical connector plug specifi¢d in 9.9.5.2.

Optikcal Idle Signal. Thé signal transmitted by the FOMAU into its transmit optical fiber| during the idle
state|of the DO circuit/ ‘

PacKet. Consists-of a data frame as defined previously, preceded by the Preamble and the Start Frame
Delimiter.

port! A segment or IRL interface of a repeater unit.

repeater unit. The portion of a repeater set that is inboard of its PMA/PLS intertaces.

repeater set. A repeater unit plus its associated MAUs and, if present, AU Interfaces (AUIs).
9.3 References. See 1.3.

9.4 Compatibility Interface. The repeater shall attach to its network segments by any of the means
specified below.
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9.4.1 AUI Compatibility. The repeater unit shall be compatible at its AUI connector (if so equipped) as
specified in Section 7 with the exception of the signal_quality_error message Test, 7.2.1.2. 3 which shall not
be implemented.

The MAUSs associated with the repeater shall be as specified in Section 8 for type 10BASE5 or Section 10
for type 10BASEZ2 with the following restrictions:

1)
2
and

(3

The MAU shall implement receive mode collision detect as deﬁnéd in 8.3.1.5 or 10.4.1.5.
The MAU shall not implement the signal_quality_error message Test function as defined in 8.2.1.1

10.3.1.1.

Protection condition as specified in 9.6.5.

The MAU shall not activate its Jabber function when operated under the worst-case Jabber Lockup

MAUSs associated with the repeater unit shall be as specified in Section 14 for type 10BASE-T with the

restriction
14.2,1.5.

9.4.2 Direct Coaxial Cable Compatibility. The repeater set, which includes MAUs integr

the repeats

‘ tions.

9.4.2.1
connector (
repeater th

9.4.2.2
equipped) 4
shall be sul

9.4.2.3
specified in
ject to the 1

Direct Cable Attachment Compatibility. The repeater shall becompatible at its cq

Mﬂ%—ﬂﬁ-ﬁmﬁmmtmmﬂjr—mbmm

r package (internal MAUSs), may have any of the interfaces specified in thefollowi

f so0 equipped) as specified in 8.5.3 of the 10BASE5 standard. The MAUs associated
ht are connected in this manner shall be subject to the restrictions of MAUs as specifie

s specified in 8.5. The MAUSs associated with the repeater that are connected in thi
ject to the restrictions of MAUS as specified in 9.4.1.

BNC Compatibility. The repeater shall be compaﬁble at its BNC connector (if so equ
10.6. The MAUSs associated with the repeater that are connected in this manner sha
pstrictions of MAUSs as specified in 9.4.1,

9.4.3 Link Segment Compatibility. The compatibility interfaces for link segments including|
ments are‘%ither vendor-dependent, as specified in 9.4.3.1, or are vendor-independent MDI, as d

the remain

9.4.3.1
ensure that]
511 bits is 1

9.4.3.2
connecting

the link segment, and\if present, AU Interfaces. A vendor-independent FOIRL is suitable for inte

ing coaxial

The vendpr-independent FOMAU should be compatible at its FOMDI, as specified in 9.9. If a

contains an|

er of this section.
Vendor-Dependent IRL: The budget allowances for the topology supported by the
ot exceeded. (See 8,6.1 and 10.7.1.)

Vendor-Independent FOIRL. A vendor-independent FOIRL provides a standard
two repeater-units. It comprises a fiber optic medium link segment, a FOMAU at ea

segmerntts.‘especially segments located in different buildings.

lefined in

ted with
subsec-

axial tap
with the
in94.1.

“N” Connector Compatibility. The repeater shall be compatible at its Type N connegtor (if so

manner

ipped) as
Il be sub-

IRL seg-
efined in

[RL shall

the total network round-trip delay requirement is met and the maximum collision frame size of

means of
rh end of
rconnect-

FOMAU
- as spec-

ified in Sectiom
implemented.

AU Interface, it shall be electrically and mechanically compatible at its AUI connecto

all not be

9.4.3.3 Twisted-Pair Jack Compatibility. The repeater set shall be compatible at its 8-pin modular
jack (if so equipped), as specified in 14.5. The MAUSs associated with the repeater set that are connected in
this manner shall be subject to the restrictions of MAUs, as specified in 9.4.1.

9.5 Basic Functions

9.5.1 Repeater Set Network Properties. The repeater set shall be transparent to all network acquisi-
tion activity and to all DTEs. The repeater set shall not alter the basic fairness criterion for all DTEs to
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access the network or weigh it toward any DTE or group of DTEs regardless of network location. A repeater
set shall not attempt to be a packet store and forward device.

Repeaters are not addressable. An addressable station on the network that controls a repeater is outside
the scope of this standard.

9.5.2 Signal Amplification. The repeater set (including its associated or integral MAUs) shall ensure
that the amplitude characteristics of the signals at the MDI outputs of the repeater set are within the tol-
erance of the specification for the appropriate MAU type. Therefore, any loss of signal-to-noise ratio due to
cable loss and noise pickup is regained at the output of the repeater set as long as the incoming data is
within the system specification. '

9.5.3 Signal Symmetry. The repeater set shall ensure that the symmetry characteristics of the signals
at the MDI outputs of a repeater set are w1th1n the tolerance of the spec1ﬁcat10n for the appropmate MAU
y retry—due—to SR a-disto the output of the

pm the repeater
cannot accumu-

late pver multiple segments.

9.5.5 Data Handling. The repeater unit, when presented a packet atany of its ports, shall pass the data

framle of said packet intact and without modification, subtraction, or addition to all other
with|the repeater unit. The only exceptions to this rule are when contention exists among
or when the receive port is partitioned as defined in 9.6.6. Between unpartitioned ports, th
sion handling (9.5.6) take precedence.

.5.5.1 Start of Packet Propagation Delays. The)start of packet propagation dela

ports connected
any of the ports
e rules for colli-

y for a repeater

set i$ the time delay between the first edge transition'of the packet on its repeated from (input) port to the

first edge transition of the packet on its repeated to(output) port (or ports).

Fol a repeater unit with AUI connectors at input and output ports, this time shall be legs than or equal

to 8 bit times.

Fo a repeater set with internal FOMAUSs) 10BASEZ2, or 10BASE5 MAUSs on both input a
an afiditional 6.5 bit times delay for an.input port MAU and 3.5 bit times delay for an o
shall be allowed. This added delay doesnot include any dc rise time for the coaxial cable.

For a repeater set with internal 10BASE-T MAUs on input and output ports, an additi
for ah input port MAU and 5 BT delay for an output port MAU shall be allowed.

A
ot}

9.8.6 Collision Handling
.5.6.1 Collision Presence. The repeater set shall implement the Collision Presence
receive-mode collision’ detection as specified for the media with which it is connected.
9.5.6.2 Jam Generation. If a collision is detected on any of the ports to which the
trangmitting; the repeater set shall transmit a Jam to all of the ports to which it is conn
shall be transmitted in accordance with the Repeater Unit State Diagram in Fig 9-2 and s

d output ports,
tput port MAU

onal 8 BT delay

Function using

repeater set is
ected. The Jam
hall be as speci-

fied in'4:2.3.2.4 with the further constraint that the first 62 bits transmitted to any port sh

1all be a pattern

of alternate 1’s and 0’s starting with the first bit transmitted as a 1.

9.5.6.8 Collision-Jam Propagation Delays. The start of collision propagation delay for a repeater
set is the time delay between the first edge transition of the signal_quality_error signal on any of its ports

to the first edge transition of the Jam on its (output) port (or ports).

For a repeater unit with AUI connectors at input and output ports, this time shall be less than or equal

to 6.5 bit times.

For a repeater set with mternal FORMAUSs, 10BASE2, or 10BASE5 MAUSs on both input and output
ports, an additional allowance of 9 bit times delay for an input port MAU and 3.5 bit times delay for an out-
put port MAU shall be made. This added delay does not include any dc rise time for the coaxial cable.
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For a repeater set with internal 10BASE-T MAUs on input and output ports, an additional 9 BT delay
for an input port MAU and 5 BT delay for an output port MAU shall be allowed.

The cessation of Jam propagation delay for a repeater unit is the time delay between the input signals at
its ports reaching a state such that Jam should end at a port and the last transition of Jam at that port.
The states of the input signals that should cause Jam to end are covered in detail in the repeater state dia-
grams,

For a repeater unit with AUI connectors at input-and output ports, this time shall be less than or equal
to 5 bit times when not extending fragments. When extending fragments, this delay may be longer as
required by the fragment extension algorithm. See 9.6.4.

For a repeater set with internal FOMAUSs, 10 BASE2, and 10BASE5 MAUs on its input ports, an addi-
tional allowance of 0.5 bit time delay.for DI and 20 bit times for signal_guality_error deassertion shall be
made. For a repeater set with internal FOMAUSs, 10BASE2, and 10BASE5 MAUSs on its output ports, an -
additional gHowanceof 6-5bit-time-delay-shattbemade-Thisadded-delay does ot includeamy dg fall time

for the coaxial cable.

For a repleater set with internal 10BASE-T MAUS on its input ports, an additional 2 BT'délay for DI and
9 BT for sifnal_quality_error deassertion shall be allowed. For a repeater set with internal MAUs on its
output ports, an additional 2 BT delay shall be allowed.

9.5.6.4 Transmit Recovery Time, It is essential that the repeater unitnot-monitor a port|for input
for a short time after the repeater stops transmitting to that port. This recoverytime prevents the¢ repeater
from receiviing its own transmission as a new receive activity. The minimunr recovery time allov‘}nble for a
repeater islimplementation-dependent, but must be greater than the sum-of the delays in the tramsmit and
receive paths for the port. In all cases the recovery time must be lesg.than 10 bit times from the l4st transi-
tion on theltransmitting AU Interface.

9.5.6.5|Carrier Recovery Time. During a collision, thelinput_idle signal is unreliable for short peri-
ods of time|(bits) because of the possibility of signal cancellation on the collision segment. In order to pre-
vent premdture detection of the true end of the collision; the repeater unit must wait for data to become
sensed from a port for a short time after signal_quality_error has gone inactive from that port. This recov-
ery time prevents the repeater from prematurely ending a Jam on an active network. The minimum carrier
recovery time allowable for a repeater is imiplementation-dependent, but shall be greater {than the
CARRIER ON time after signal_quality_error-is deasserted. In all cases, the carrier recovery timp shall be
less than 4 [bit times from the last transition‘on the AU Interface.

19.5.7 Electrical Isolation. Network segments that have different isolation and grounding reqgirements
‘ shall have those requirements provided by the port-to-port isolation of the repeater set.

9.6 Detail¢d Repeater Functions and State Diagrams. A precise algorithmic definition is given in this
section, prgviding a complete procedural medel for the operation of a repeater, in the form of state dia-
grams. Note that whenever there is any apparent ambiguity concerning the definition of repeafler opera-
tion, the state diagrams should be consulted for the definitive statement.

The mod¢l presented in this section is intended as a primary specification of the functions to be| provided
by any repgater unit. It is important to distinguish, however, between the model and a real implementa-
tion. The model is opfimized for simplicity and clarily of presentation, while any realistic implementation
should place heavier emphasis on such constraints as efficiency and suitability to a particular implementa-
tion technology.

It is the functional behavior of any repeater unit implementation that shall match the standard, not the
internal structure. The internal details of the procedural model are useful only to the extent that they help
specify the external behavior clearly and precisely. For example, the model uses a separate Transmit Timer
state machine for each port. However, in an actual implementation, the hardware may be shared.

9.6.1 State Diagram Notation. The notation used in the state diagrams (Figs 9-2 through 9-5) follows
the conventions in 1.2.1.
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Description of State Diagram Variables

Input/Qutput Variables

Dataln (X)
Status of Dataln 1nput at port X.
Values: II = input_idle; indicates no activity
~II; indicates activity
Note that Dataln (X) may be undefined during collision
but that it is a don’t care in all instances when this is true.

Collln (X)

Status of Controlln input at port X.

Values: SQE = signal_quality_error ; indicates collision
-SQE ; indicates no collision

Out X)
Type of output repeater is sourcing at port X.
Values: Idle ; Repeater is not transmitting
~Idle ; Repeater is transmitting Preamble Pattern
or Data or Jam or TwoOnes.
Preamble Pattern ; Repeater is sourcmg alternating-}’s and
0’s on port X.
Data ; Repeater is repeating data frame on port X. .
Jam ; Repeater is sourcing Jam on port X.
TwoOnes ; Repeater is sourcing two consectitive Manchester
encoded ones on port X.

DigableOut (X)

Override of Out (X)
Values: ON ; Disable repeater transmission regardless of value of Out (X).

~ON ; Repeater transmission depénds on the value of Out (X).

=1
(s

Port(Variables

TT{X)
Transmit Timer indicates number of bits transmitted on port X.
Values: Positive.integers :

Inter-Process Flags

AllDataSent
Allreceived data frame bits have been sent.

BitlTransmitted ‘
Indicates a bit has been transmitted by the repeater unit.

DataRdy
Indicates the repeater has detected the SFD and is ready to send the received data. The search for

SFD shall not begin before 15 bits have been received. Note, transmit and receive clock differences
shall also be accommodated.

Twl

‘Wait Timer for the end of transmit recovery time (see 9.5.6.4). It is started by StartTwl. TwlDone
is satisfied when the end of transmit recovery time is completed.
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Wait Timer for the end of carrier recovery time (see 9.5.6.5). It is started by StartTw2. Tw2Done is
satisfied when the timer has expired.

Tw3

Wait Timer for length of continuous output (see 9.6.5). It is started by StartTw3. Tw3Done is satis-
fied when the timer has expired.

Tw4

Wait Timer for time to disable output for Jabber Lockup Protection (see 9.6.5). It is started by
StartTw4. Tw4Done is satisfied when the timer has expired.

Port Fune¢tions

Port (Test)

A function that returns the designation of a port passing the test condition., For exar
(Cqllin=SQE) returns the designation: X for a port that has SQE true. If multiple ports
condition, the Port function will be assigned one and only one of the@dceptable valugs.

te

Port Designation

Ports ari referred to by number. Port information is obtained by replacing the X in the desire

with the n

ALL

ONLY1

ALLXN

ALLXM

ANYXM

mber of the port of interest. Ports are referred to in genieral as follows:
for the test to pass.
order for the test to pass.

condition in order for the test to pass.

Generic port designator-When X is used in a state diagram, its value is local to thaj
and not global to the.sét of state diagrams. ‘

Is defined by the Port function on exiting the IDLE state of Fig 9-2. It indicates a
caused the'exit from the IDLE state.

Is defined by the Port function on exiting the TRANSMIT COLLISION state of Fig 9
cates the only port where Collln=SQE.

nple, Port
meet the

2]

d function

Indicates all repeater ports are to be considered! Xll ports shall meet test conditions in order

Indicates all ports are to be considered. One or more ports shall meet the test conditions in

Indicates all ports are to be considered, One, but not more than one, port shall meg¢t the test

t diagram
port that

2. It indi-

Indicates all ports except N should be considered. All ports considered shall meet the test con-

ditions in order for the test to pass.

Indicates all ports except M should be considered. All ports considered shall meet the test con-

ditions in order for the test to pass.

Indicates any port other than N meeting the test conditions shall cause the test to pass.

Indicates any port other than M meeting the test conditions shall cause the test to pass.
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Power On ‘ *

1 I >

?'W‘.T. Out (ALL) = Idfe

' Dataln (ANY) =1l [ coln(any) = sQe: N ePort(Coliin = sQE)]
BEGIN Collin(ALL) = SQE
:IN&=Port{Dataln =)
ucr
LSEND PREAMBLE PATTERN - |

Out {ALLXN) = Preamble Pattern

Collin (ANYXN) = SQE I | go:::n((:z La; S%%% )(Dataln(N) =%
ouin =

TT(ALLXN) = 62*DataRdy*Collln(ALL) =
Y'S'GE*Dataln(N)=ll

SEND TWO ONES

Out {ALLXN) = TwoOnes

[ [ cotin (N) = SQE + (Datain(N) = 1% Colfin (ALL) =3QE)

Collin (ANYXN) = SQE I
TwoOnes Sent*Colin(ALL) = SQE*
Datain(N) = Il
SEND DATA

Out (ALLXN) =Data

Collin {N) = SQE + (Datain(N) = II*

Collin (ANYXN) = SQE
o Coliin(ALL) = SQE* AliDataSent*

, TT(ANYXN) <396) }
} v { ‘ — (AR A |
\ 4 Datain(N) =i *goll'ln'(ALL) =SQE ¥ RECEIVE COLLISION
TT(ALLXN) =96 * AllDataSent sesennunsuanunay
IR.A-N-S-M-“: -C.OEL-IS-‘?E () Out (ALLXN) = Jam
Out (ALL) = Jam
: Collin (ANYXN) = SQE
Collin (ALL) = SQE FTT(ALL) =96 Tw2Done Datain (M) =1 %
3 atain (N) =11 ¥
Colltn (ONLY1) = SQE-* Collin (ALL) = SQE *
TT{ALL) =96:[M&Port(Collin = SQE)} m;\g;ﬁ)Z%*
ONE PORT LEFT
Out (ALLXM) = Jam ]
Collin(ANYXM) Dataln (M) = i1 —-* r—_ '
=SQE Collin {ALL) = SQE * *
Tw2Done WAIT
StartTw1

Out (ALL) = \dle

Coliin (ANY) = SQE +
TwiDone

NOTE; Out (X] = di6 In all nstances Uniess spacified othaTwise:

Fig 9-2
Repeater Unit State Diagram
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BEGIN ; BEGIN
JTDLE JPLE L.
TT(X) =0 ) Tw2Done
Out({X) # idle *
v Bit Transmitted lCollln(ANY) =5q¢
. COUNTING " L ARM
TI'(X) =TT(X) +1 Tw2NotDone
lucr lCollln(ALL) =SQE
I . TIMING
TT(X) StartTw2
Bit Transmitted Out(X) =Idle Tw2=Done
Fig 9-3 Fig 9.4
Transmit Timer State Diagram Tw2 State' Diagram
for Port X
BEGIN
‘ . MILPIDLE _
DlsableOut = ON
Out(ANY) = idle
TIME OUTPUT
I oy e o e e e o
DisableOut =3-N-
StartTw3
Out{ALL) = Idle Tw3Done*Out(ANY) = idle
| DISABLE OUTPUT |
DlsableOut = ON
StartTwa
TwaDone
Fig 9-5

MAU Jabber Lockup Protection State Diagram
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9.6.2 Data and Collision Handling. The repeater unit shall implement the CARRIER_ON function for
all its ports. Upon detection of carrier from one port, the repeater unit shall repeat all received signals in
the Data Frame from that port to the other port (or ports).

The repeater unit data and collision-handling algorithm shall be as defined in Fig 9-2.

9.6.3 Preamble Regeneration. The repeater unit shall output at least 56 bits of preamble followed by
the SFD. When the repeater unit must send more than 56 bits, the maximum length preamble pattern it
shall send is the number received plus 6.

9.6.4 Fragment Extension. If the received bit sequence from CARRIER_ON to CARRIER_OFF is
fewer than 96 bits in length, including preamble, the repeater unit shall extend the output bit sequence
with Jam such that the total number of bits output from the repeater unit shall equal 96.

9.6.
MAU

mitted
after 4

9.6.

9,
the ne

cause

~In g

Jabber Lockup Protection state dlagram The repeater unit shall 1nterrupt its output
continuously for longer than 5 ms or 50 000 bit times — 20% + 50%. The repeater

6 to 116 bit times (9.6 to 11.6 us), re-enable transmissions.

5 Auto-Partitioning/Reconnection (Optional)

6.6.1 Overview. In large multisegment networks it may be desirable that the repeat

rder to isolate a faulty segment’s collision activity from-propagating through the

twork from some fault conditions that would halt all network cammunication. A pof
of this condition could be due to a cable break, a faulty connector, or a faulty or missink termination.

as shown in the

if it has trans-
nit shall then,

br unit protect
entially likely

network, the

repeater unit may optionally implement an auto-partition algorithm and, on detection of the malfunction

being

unit

work from an open-circuited segment. If the reépeater unit provides this function, it shall ¢

state ¢
The
condit,

(1)
(2)

Wh

and —$QE (no collision);-respectively, so that activity on the port will not affect the repeate
from the repeater to.the segment is not blocked.

The|segment will'be reinstated when the repeater has detected activity on the segment for
number of bits specified for Tw5 without incurring a collision.

9.8.6.2 Detailed Auto-Partition/Reconnection Algorithm State Diagram. Repe
10BAS$E-T MAUs shall implement an auto-partition/reconnection algorithm on those parts

cleared, an auto-reconnection algorithm.

ay optionally implement an auto-partition/reconnection algorithm that protects the 1

liagram of Fig 9-6.
algorithm defined in Fig 9-6 shall isolate a segment from the network when one of thg
jons has occurred on the segment;

When a consecutive collision count has been reached; or
When a single collision @uration has exceeded a specific amount of time.

n a segment is partitioned, Dataln (X) and Collln (X) from that segment are forced to

hter sets with
| The repeater
est of the net-
onform to the

following two

II (input idle)
r unit. Output

more than the
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Description of State Diagram Variables and Constants

Port Constants

CCLimit

shall be greater than 30.

Input/Output Variables

DIPresent(X) ‘
Data in from the MAU on port X. (This input is gated by the partition state machine to produce

Dataln X)to the mam state machine.)

CIPregent(X)
fontrol input from the MAU on port X. (This input is gated by the partition state mag

duce CollIn (X) to the main state machine.)
Values: SQE = signal_quality_error ; indicates collision

Port Vaj

CCX)

Inter-Process Flags

Twbh

Tw6

\

q

(
q
\

[

riables

L ]

Wait Timer for excessive length of collision. Its value shall be between 1000 and 30 000
i$ started by StartTw6é. Tw6Done is satisfied when the timer has expired.

o on+11rl+‘1

—II = Input not 1d1e act1v1ty

—-SQE ; indicates no collision

onsecutive port collision count on a particular port X, Partltlomng occurs on a termi

CLimit being reached.
[alues: Positive integers up to a terminal eount of CCLimit.

Vait Timer for length of packet without'collision. Its value shall be between 450 and 56
L is started by StartTw5. TwbDone s satisfied when the timer has expired.

The number of consecutive collisions that must occur before a segment is partitioned. The value

hine to pro-

nal count of

0 bit times.

bit times. It
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BEGIN
. _C?El?.ﬂ.' (_ZL;E_AB. teees COLLISION COUNT IDLE
ccx) =0 ' Dataln (X) =DIPresent(X)
Dataln (X) = DIPresent(X) Collin (X) = CIPresent(X)
Collin (X) = CIPresent(X) . —
DiPresent(X)=1l+
DiPrasentiX=I CiPresent(X)= SQE
CiPresent(X) =5Q!
WATCHFOR COLLISION _ |
‘StartTw5
} Dataln (X) = DIPresent(X)
PARTITION WAIT Collin (X)=CIPresent(X)
_ Y pipresent(X)=11%_ CiPresent(X)=SQE
Datain (X)=1 ‘ CiPresent(X) = SQE '
Collin (X)=SQE
TwhSDone *.
DiPresent(X) =1l * DiPresent(X)=1L%_
CIPresent((X)) =SQE ClPresent(X)= SQE
L y COLHSION COUNT INCREMENT, _
PARTITION HO LD e ccix) =ceixy+1
ta =M
Dataln (X)= Datain (X)=DIPresent(X)
Collin (X)=5QE Collln (X) = CIPresent(X)
DiPresent{X) =11+ StartTwé
CiPresent(X) = SQE .
€C(X) > CCLimit +( TwbDone * DiPresent(X)=11 % _
) CIPresent(X)= SQE) CiPresent(X)= SQE *
PARTITION COLLISION WATCH —$-9-(?9-<-55'*‘"‘" *
A s aaasasnsessnannven 'wbDone
Datain (X)=MW
Coliin (X)=SQE
StartTw5
CIPresent(X} DiPresent(X) =11 *
=SQE CiPresent(X)= SQE

TwSDone *DIPresent(X)=1 *
ClPresent(X) = SQE

WATLTO RESTOREFORT

Dataln (X)=1l
Colltn (X) =SQE
CC{X) =0

DiPresent(Xy=1>*
CiPresent(X)= SQE

Fig 9-6
Partitioning State Diagram for PortX
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9.7 Electrical Isolation. There are two electrical power distribution environments to be considered that
require different electrical isolation properties.

Environment A— When a LAN or LAN segment, with all its associated interconnected equipment, is
entirely contained within a single low-voltage power distribution system and within

a single building.

Environment B — When a LAN crosses the boundary between separate power distribution systems or

the boundaries of a single building.

The repeater unit shall comply with applicable local and national codes related to safety. See ECMA-97

[A9].

For re

encompassed within the isolation requirements of the basic MAU standard. (See 8.3.2.1, 1

14.3.11.)
between
fore exis

9.7.2
A bound
all other

It is rq
faces. If
ment us

professignal installation.

-The re
tially or
strike ha
situation

It is agsumed that any nonelectrically conducting segments will provide sufficient isolation

media to|

9.8 Reliability. A 2-port repeater set shall be designed to provide a mean time between failuri
K0 000 hours of continuous operation without causing a communication failure amc
to the network médium. Repeater sets with more than two ports shall add no more

at least
attached|

ive ground of the repeater unit.

R0 EINe nmen 0 Ne 0 comen /18 S101%

A

Us requires electrical isolation of 500 Vrms, 1 minute Wihstand, between the segni

peater ports that connect to external MAUs via an AU Interface, the requirement for
The repeater unit shall not require any electrical isolation between exposed AU Ii

exposed AU Interfaces and chassis ground of the repeater unit. No iselation boundary
. at any AUI compatible interface (that is “D” connector) provided by a repeater unit.

nvironment B Requirements. The attachment of network-segments, which cross e
ries, requires electrical isolation of 1500 Vrms, 1 minute withstand, between each s
attached segments and also the protective ground of the repeater unit.

commended that this isolation be provided by the use of external MAUSs connected b
er to touch the trunk cable screen or signal ‘conductor. A repeater of this varid

quirements for interconnected coaxial cable/electrically conducting LAN segments

zards. Such requirements are beyond the scope of this standard. It is recommended th
be handled by the use of a nonelectrically conducting IRL (for example, fiber optic).

satisfy the isolation requirements of environment B.

10-6 fail
The re

9.9 Med
FOIRL

ires per hour for-each additional port.

) possessing

ent and the

isolation is
0.4.2.1, and
nterfaces or
need there-

nvironment
eoment and

y AU Inter-

internal MAUs are used the segments shall be installed such that it is not possible fgr an equip-

ty requires

at are par-

t
fully external to a single building environment may require additional protection agai{st lightning

t the above
within that
s (MTBF) of

ng stations
than 3.46 x

peater set eléetronics shall be designed to minimize the probability of component fai

res within

9.9.1 Scope

9.9.1.1 Overview. A vendor-independent FOIRL provides a standard means for connecting only two
repeater units. It thus extends the network length and topology beyond that which could be achieved by
interconnecting coaxial segments via repeater sets only, as defined in 8.6 or 10.7. A vendor-independent
FOIRL is particularly suited for interconnecting coaxial segments located in different buildings. The
FOMAU described in this document is not intended for use in connecting DTEs.

In particular, this section defines the following:
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(1) The functional, optical, electrical, and mechanical characteristics of a fiber optic MAU (FOMAU)
suitable for interfacing to a repeater unit, either directly (FOMAU and repeater unit integrated into

a single package) or via an AUI mechanical connection.
(2) Various optical fiber sizes suitable for connecting only two FOMAUS.

A schematic of the vendor-independent FOIRL and its relationship to the repeater unit is shown
in Fig 9-7. The vendor-independent FOIRL comprises an optical fiber cable link segment, a vendor-

independent FOMAU at each end of the link segment and, if present, AUI cables.

The purpose of this specification is to enable interoperability of FOMAUs that originate from dif-

ferent manufacturers, thereby facilitating the development of simple and inexpensive i

nter-repeater

links (IRLs). To satisfy this objective, the FOMAU has the following general characteristics:
(a) Enables coupling the repeater unit PLS directly, or by way of the AUI mechanical connection,
to the explicit baseband optical fiber cable link segment defined in this section of the standard.

(b) Supports signaling at a data rate of 10 Mb/s.

d) Operates ihdistinguishably from a repeater set MAU, as defined in Section 8;, 10
viewed from the AU Interface.

10, and 13 of this standard.
f) Allows integration of the FOMAU into a single package with the répeater unit, {
nating the need for an AUI mechanical connection. :

The fmplementation may incorporate additional features, for example those that allow

,or 14 when

e) Supports 10BASEZ2, 10BASES5, and 10BASE-T system configurations as defined fin Sections 8,

hereby elimi-

compatibility

with véndor-dependent FOMAUS, as in 9.4.3.1. The means to support these features are beypnd the scope

of this pubsection.

9.9.1.2 Application Perspective: FOMAU and Meditm Objectives. This section stg

tes the broad

objectives underlying the vendor-independent FOIRL spécification defined throughout this pection of the

standard. These are as follows:

(1) Provide the physical means for connecting pnly two repeater units.

(2) Define a physical interface for the vender-independent FOMAU component of the vendor-indepen-

hnd achieve the intended level of compatibility when interconnected in a common IRL
(3) Provide a communication channel capable of high bandwidth and low bit error rate
The resultant BER of the FOIRE should be less than one part in 1010,

(4) Provide a means to prevent packet transmission through an FOIRL when transmission

bne or both directions is(disrupted.

9.9.1.3 Compatibility:‘Considerations. All implementations of the vendor-independ

shall be compatible at the/FOMDI and at the AUI (when physically and mechanically implen
This [standard provides an optical fiber cable link segment specification for the interconn
two FOMAU devices. The medium itself, the functional capability of the FOMAU, and the AT

Hent FOIRL that can be implemented-independently among different manufacturersg of hardware

performance.

capability in

ent FOMAU
ented).

aetion of only
T are defined

to provide the highest possible level of compatibility among devices designed by different mpnufacturers.

Designers arefrée to implement circuitry within the FOMAU in an application-dependent
vided the FOMDI and AUI are satisfied. (The provision of the phys1ca1 and mechanical imply

manner pro-
smentation of

the AU[ is'optional.)

9.9.1.4 Relationship to AUL A close relationship exists between this section and Section 7. This sec-
tion specifies all of the physical medium parameters, all of the FOPMA logical functions residing in the
FOMAU, and references the AUI defined in Section 7 with the exception of the signal_guality_error mes-
sage Test of 7.2.1.2.3(3), which shall not be implemented, that is, shall not be enabled when connected to a

repeater unit.
NOTE: The specification of a FOMAU component requires the use of both this section and Section 7 for the AUI spec

ifications.

9.9.1.5 Mode of Operation. The FOMAU functions as a direct connection between the optical fiber
cable link segment and the repeater unit. During collision-free operation, data from the repeater unit is

150



https://iecnorm.com/api/?name=f1be158f1b5e8fd7304e79a44c09d06a

CSMA/CD

REPEATER
UNIT

ISO/IEC 8802-3 : 1993
ANSVIEEE Std 802.3, 1993 Edition

TO 10BASES OR 10BASE2 NETWORK

A
AUI*
FOPMA ————»> f
FOMAU
FOMD| = piii o L] + .....
Vendor-
Independent
OPTICAL FIBER
FOIRL CABLE
LINK SEGMENT

REPEATER
UNIT

TO 10BASE5 OR 10BASE2 NETWORK

* See 9.9.1.3 for implementation requirements.

AUl = ATTACHMENT UNIT
INTERFACE*

FOMAU = FIBER OPTIC MEDIUM
ATTACHMENT UNIT

FOMD! = FIBER OPTIC MEDIUM-
DEPENDENT INTERFAC
FOPMA = FIBER OPTIC PHYSICAL
MEDIUM ATTACHMENT

m

Fig 9-7

Schematic of the Vendor-Independent FOIRL and Its Relationship to the Repeater Unit

transmitted into the FOMAU’s transmit optical fiber, and all data in the FOMAU’s receive optical fiber is

transmitted to the repeater unit.

9.9.2 FOMAU Functional Specifications. The FOMAU component provides the means by which sig-

nals on the three AUI signal circuits are coupled:
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(1) From the repeater unit into the FOMAU’s transmit optical fiber, and
(2) From the FOMAU’s receive optical fiber to the repeater unit.

LOCAL AND METROPOLITAN AREA NETWORKS:

To achieve this basic objective, the FOMAU component contains the following functional capabilities to

handle message flow between the repeater unit and the optical fiber cable link segment:

: The ability to receive serial bit streams from the attached repeater

(a) Transmit Function
unit and transmit them into the FOMAU’s optical fiber.
(b) Receive Function : The ability to receive serial data bit streams from the FOMAU’s

receive optical fiber and transmit them to the attached repeater

unit.

Collision Presence Function

(

FOIRL collision.

: ‘The ability to automatically interrupt the Transmit-Fy
inhibit an abnormally long output data stream.

Japber Function

(d)

: The ability to automatically interrupt the Recéive Func
inhibit the reception of signals from the FOMAU’s rec
fiber which could result in abnormally high BERs.

(e) Low Light Level

Degection Function

transmit pptical fiber, no more than two bits (two full bit cells) of information may be received fi
circuit and not transmitted into the FOMAU’s transmit optical fiber.In addition, it is permiss
first bit sent to contain encoded phase violations or invalid data. All successive bits of the pack
transmittied into the FOMAU’s transmit optical fiber and shalllexhibit the following:

(1) Nd more edge jitter than that given by the sum of thé worst-case edge jitter components
7.4.3.6,7.5.2.1, and 9.9.4.1.7, and

The hi her optical power leyvel transmitted into the FOMAU’s transmit optical fiber shall be
the low (LO) logic state onsthe optical fiber link segment. There.shall be no logical signal
between the DO circuit and.the FOMAU’s transmit optical fiber, as specified in 9.9.4.1.5.

The difference in the start-up delay (bit loss plus invalid bits plus steady-state propagation del

;. The ability to detect, and report to the attached repeater unit, an

nction and

tion and
bive optical

om the DO
ble for the
tet shall be

9.9.2/1 Transmit Function Requirements. At the start of a packet.transmission into th{ FOMAU’s

bpecified in

7.4.2. The
s transmit
provide an

a transmit

defined as
inversions

ay), as dis-

tinct from the absolutestart-up delays, between any two packets that are separated by 9.6 us or less shall

not exceed 2 bit cells:

The FOMAU-ghall loop back a packet received from the DO circuit into the DI circuit. At th

b start of a

transmitted into the DI circuit. It is permissible for the first bit sent to contain encoded phase violations or
invalid data. All successive bits of the packet shall be transmiffed into the DI circuit and shall exhibit no
more edge jitter than that specified for signals transmitted into the DI circuit by the Receive Function, as
specified in 9.9.2.2. The steady-state propagation delay between the DO circuit receiver input and the DI
* circuit driver output for such signals shall not exceed one bit cell. There shall be no logical signal inver-
sions between the DO circuit and the DI circuit during collision-free transmission.

When the DO circuit has gone idle after a packet has been transmitted into the FOMAU’s transmit
optical fiber, the FOMAU shall not activate the  Collision:Presence Function so as not to send the
signal_quality-error message Test of 7.2:1.2.3(8) to the repeater unit.

During the idle state of the DO circuit, the Transmit Function shall output into the transmit optical fiber
an optical idle signal as specified in 9.9.4.1.4. The transmitted optical signals shall exhibit the optical
power levels specified in 9.9.4.1.8. At the end of a packet transmission, the first optical idle signal pulse

packet transmission, no more than five bits of information may be received from the DO circTit and not
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transition to the higher optical power level must occur no sooner than 400 ns and no later than 2100 ns
after the packet’s last transition to the lower optical power level. This first optical pulse must meet the tim-
ing requirements of 9.9.4.1.4.

The FOMAU shall not introduce extraneous optical signals into the transmit optical fiber under normal

operating co

nditions, including powering-up or powering-down of the FOMAU.

9.9.2.2 Receive Function Requirements. At the start of a packet reception from the FOMAU’s
receive optical fiber, no more than two bits (two full bit cells) of information may be received from the
FOMAU’s receive optical fiber and not transmitted into the DI circuit. It is permissible for the first bit

transmitted
packet shall

(1) Thele

into the DI circuit to contain encoded phase violations or invalid data. All successive bits of the
be transmitted into the DI circuit and shall exhibit the following:

vels and waveforms specified in 7.4.1, and

(2) Nom

7.4.9

The stead
put of the ID
between the
9.9.4.2.3.

The differ
tinct from
not exceed 2

The FOM
tions, inclug

9.9.2.3
absence of
The sign

6,75.2.1,9.94.1.7,9.94.2.2, and 9.9.5.1.

y-state propagation delay between the output of the FOMAU’s receive optical fiber an

ence in the start-up delay (bit loss plus invalid bits plus steady-state‘propagation dela,
he absolute start-up delays, between any two packets that are.separated by 9.6 us or

Collision Presence Function Requirements: The signal présented to the CI cire
n SQE signal shall be the IDL signal.
1

ore edge jitter than that given by the sum of the worst-case edge jitter components-gpecified in

1 the out-
nversions
ecified in

I circuit driver shall not exceed one-half a bit cell. There shall be ne logical signal i
FOMAU's receive optical fiber and the DI circuit during collision-free operation, as s

y), as dis-
less shall
bit cells.

[AU shall not introduce extraneous signals into the DI cireuit under normal operating condi-
ling powering-up or powering-down of the FOMAU.

nit in the

presented to the CI circuit during the presence of a collision shall be the CS0 signal, & periodic

pulse Wavjorm of frequency 10 MHz +25 % —15% with®ulse transitions that are no less than 35 ns and no

greater thaj
than 3.5 bif
optical fibes
than 4.5 bit

During a
receive opti
as specified
fiber before,
optical fiber
being receiy
the packets

The Colli
conditions,

collision, if a packet is received at the DO circuit before a packet is received at the
cal fiber, then only the packet received at the DO circuit shall be transmitted into the IDI circuit,
in 9.9.2.1. Conversely, if'"during a collision a packet is received at the FOMAU’s receiye optical

in

h 70 ns apart at the zero crossing points. This signal shall be presented to the CI circuif no more

times after the simultaneous appearance of signals at both the input of the FOMAU’s|transmit
and the output of the FOMAU’s receive optical fiber. This signal shall be deasserted ho earlier
times and no later than 7 bit times after the above defined collision condition ceases to exist,.

a packet is received\at the DO circuit, then only the packet received at the FOMAUfs receive
shall be transmitted into the DI circuit, as specified in 9.9.2.2. In the event of both packets

red at their respective ports within 3.5 bit times of each other, then either one, but only one, of

shall be selected to be transmitted into the DI circuit.
ion Function shall not introduce extraneous signals into the CI circuit under normal ¢perating
cluding-powering-up or powering-down of the FOMAU.

Jabber Functlon Requirements. The FOMAU shall have the capablhty, as deﬁne in Fig 9-

FOMAU. This time duration shall not be less than 20 ms nor more than 150 ms. If the packet being trans-
mitted is still being transmitted after the specified time duration, the FOMAU shall activate the Jabber

Function by

(1) First
(2) Then

the following:

inhibiting the transmission of bits from its DO circuit into its transmit optical fiber,
transmitting into its transmit optical fiber the optical idle signal specified in 9.9. 4 1.4, and

(3) Presenting the CSO0 signal to the CI circuit.

Once the error condition has been cleared, the FOMAU shall reset the Jabber Function and present the

IDL signal t

o the CI circuit:
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(a) On power reset, and
(b) Optionally, automatically after a continuous period of 0.5 s + 50% of inactivity on the DO circuit.

The FOMAU shall not activate its Jabber Function when operated under the worst-case Jabber Lockup
Protection condition specified in 9.6.5.

. When both the Jabber Function and the Low Light Level Detection Function (see 9.9.2.5) have been acti-
vated, the Jabber Function shall override the Low Light Level Detection Function.

9.9.2.5 Low Light Level Detection Function Requirements. The FOMAU shall have a low light
level detection capability, as defined in Fig 9-10, whereby it shall interrupt the reception of both the optical
idle signal and packets from the FOMAU’s receive optical fiber when reliable reception can no longer be
assured. This error condition shall not be activated if the peak optical power level at the output of the

FOMAU’

receive optical fiber exceeds —27 dBm. It shall be activated before the peak optical power level at

the output of the FOMAU’s receive optical fiber has fallen to a level that is lower than the
power leyel that corresponds to a BER = 10-10 for the FOMAU under consideration. Once this
tion has|been activated, the FOMAU shall, no earlier than 30 bit times and no later than 200 ¥

isable its Receive Function so that the transmission of bltS from its receive optlcal ﬁb
ircuit is inhibited.

sure that only the optical idle signal is transmitted into its transmit optical fiber, iry
the state of the DO circuit.

isable its Transmit Function during the period of time that the FOMAU recognizes the
alpacket on the DO circuit such that the transmission of the packet from the DO circuit
circuit is inhibited. -

(1)
@)
3)

Once this error condition has been cleared, the FOMAU shall return automatlcally to its nor
operation within 40 bit times once the DO circuit is in thetidle state.

When poth the Jabber Function (see 9.9.2.4) and the Liow Light Level Detection Function hay
vated, the Jabber Function shall override the Low Light Level Detection Function.

NOTE: It §s recommended that, for diagnostic purposes, thestatus of the Low Light Level Detection Function be ir
exterior of the FOMAU package.

received by the FOMAU physical layer entities from the repeater unit:

peak optical
error condi-
it times

er to the DI

presence of
into the DI

mal mode of

re been acti-

dicated on the

9.9.2.6 Repeater Unit to FOMAU Physical Layer Messages. The following messages can be‘

Messagle Circuit Signal Meaning
output DO CD1, CDO Output information
output_lidle DO IDL No data to be|output
9.9.2.7 FOMAU-Physical Layer to Repeater Unit Messages. The following messages|can be sent
by the FOMAU physical layer entities to the repeater unit:
Message Circuit Signal Meaning
input DI CD1,CDo Inputinformation
input_idle DI IDL No information to be
, input
fomau_available CI IDL FOMAU is available for
' output
signal_quality error CI CS0 Collision or error

detected by FOMAU

9.9.2.7.1 input Message. The FOMAU physical layer sends an input message to the repeater unit

espective of '

when the FOMAU has a bit of data to send to the repeater unit. The physical realization of the input mes-
sage is a CDO or CD1 sent by the FOMAU to the repeater unit on the DI circuit. The FOMAU sends CDO if
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the input bit is a zero, or CD1 if the input bit is a one. No retiming of the CD1 or CDO signals takes place
within the FOMAU.

9.9.2.7.2 inpui_idle Message. The FOMAU physical layer sends an input_tdle message to the
repeater unit when the FOMAU does not have data to send to the repeater unit. The physical realization of
the input_idle message is the IDL signal sent by the FOMAU to the repeater unit on the DI circuit.

9.9.2.7.8 fomau_available Message. The FOMAU physical layer sends the fomau_available mes-
sage to the repeater unit when the FOMAU is available for output, and when the FOMAU has activated
the Low Light Level Detection Function in accordance with the Low Light Level Detection Function
requirements of 9.9.2.5 and Fig 9-10. The fomau_available message shall be sent by a FOMAU that is pre-
pared to output data. The physical realization of the fomau_available message is an IDL signal sent by the
FOMAU to the repeater unit on the CI circuit.

9.9.2.7.4 signal_quality_error Message. The signal_quality_error message shall be implemented
in the following fashion:

(1) When the FOMAU has completed the transmission of a packet into its transmit|optical fibé¢r, it shall
not send any signal_quality_error message Test sequence.
(2) The|simultaneous appearance of packets at both the input of a FOMAU’s transmit optical|fiber and
the putput of its receive optical fiber shall cause the signal_quality_error message to be s¢nt by the
FOMAU to the repeater unit. '
(3) When the FOMAU has activated the Jabber Function, it shall'send the signal_quality_error mes-
sageq in accordance with the Jabber Function requirements of 9:9:2.4 and Fig 9-9.

The phydical realization of the signal_quality_error messageisthe CS0 signal sent by the FOMAU to the
repeater unit on the CI circuit.
The FOMAU is required to assert the signal_quality_errer message at the appropriate times whenever
the FOMAU is powered and not just when the repeater unit is providing output data.

9.9.2.8{ FOMAU State Diagrams. The state diagrams, Figs 9-8, 9-9, and 9-10, depict the flull set of
allowed FQMAU state functions relative to the-control circuits of the repeater unit/FOMAU intprface for
FOMAUSs. Messages used in these state diagrams are explained as follows:

NOTE: Figurds 9-8, 9-9, and 9-10 must all be considered together.

(1) enable_opt_driver : :\Activates the path employed during normal operation to cause the
FOMAU transmitter to impress the packet data received from the
DO circuit into the FOMAU’s transmit optical fiber.

(2) disaple_opt_driver : Deactivates the path employed during normal operation to cause.
the FOMAU transmitter to impress the packet data recejved from
the DO circuit into the FOMAU’s transmit optical fiber.

(3) enable_opt_idle_driver . Causes the FOMAU transmitter to impress the optical idle signal
into the FOMAU’s transmit optical fiber.

(4) disaplelopt_idle_driver : Causes the FOMAU to stop transmlttlng the optical idle signal
into the

(5) enable_loop_back : Activates the path employed during normal operation to cause the
FOMAU Transmit Function to impress the packet data received
from the DO circuit into the DI circuit.

(6) disable_loop_back : Deactivates the path employed during normal operation to cause
the FOMAU Transmit Function to impress the packet data
received from the DO circuit into the DI circuit.

(7) enable_opt_receiver . Activates the path employed during normal operation to cause the
FOMAU to impress the packet data received from the FOMAU’s
receive optical fiber into the DI circuit.
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Fig 9-8
FOMAU Transmit, Receive, and Collision Functions State Diagram
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Fig 9-9
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Function State Diagram
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(8) disable_opt_receiver

(9) [start_packet_timer)

(10) [start_unjab_timer]
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: Deactivates the path employed during normal operation to cause

the FOMAU to impress the packet data received from the
FOMAU's receive optical fiber into the DI circuit.

: Starts a timing function which is used to monitor the amount of

time the FOMAU is transmitting a packet into the transmit optical
fiber. The timing function is maintained as long as output is true
and is stopped on the transition to output_idle true. The term
packet_timer_done is satisfied when the timing function has run to
expiration (see 9.9.2.4).

: Starts a timing function that is used to monitor the amount of time

that the Jabber error condition has been clear. The timing function
is maintained as long as output_idle is true and is stopped on the

(11) gpt_input
(12) gpt_input_idle

(13) dpt_input_coll_select

(14) dutput_coll_select

transition to ouiput true. The term unjab_timer_dong is satisfied
when the timing function has run to expiration (see 9)9.2.4).

: Signifies that a packet is present at the FOMAU’s rgceive optical

fiber.

: Signifies that a packet is no longer-present at‘ the FOMAU’s

receive optical fiber.

;. Signifies that, during a collisiona packet has been re¢|

: Signifies that, during a collision, a packet has been re

DO circuit within 3.5 bit times 'of a packet being req

ceived at the
eived at the

FOMAU's receive optical fiber;-and that only the packTit received at

the FOMAU’s receive optical fiber is to be transmitte
circuit. ‘

into the DI

ceived at the

DO circuit withiné3.5 bit times of the packet being regeived at the
FOMAU'’s receive optical fiber, and that only the packgt received at
the DO circuit is to be transmitted into the DI circuit,

The following abbreviations have been used'in Figs 9-8, 9-9, and 9-10:

(1) LLP = Low Light Level Condition Present

(2) LLNP = Low Light Level Condition Not Present
(3) p_t_d = packet_timer_done

(4) p_t_n_d = packet_timer_not_done

(5) *=logical AND operator
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9.9.3 FOMAU Electrical Characteristics

9.9.3.1 Electrical Isolation. Electrical isolation shall be provided between FOMAUs attached to the
FOIRL by the optical fiber cable link segment. There shall be no conducting path between the optical
medium connector plug and any conducting element within the optical fiber cable link segment. This isola-
tion shall withstand at least one of the following electrical strength tests:

(1) 1500 V rms at 50-60 Hz for 60 s, applied as specified in 5.3.2 of IEC Publication 950 [8].

(2) 2250V dc for 60 s, applied as specified in 5.3.2 of IEC Publication 950 [8].

(3) 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 ps (1.2 ys virtual front time, 50 ps virtual time of half
value), as defined IEC Publication 60 [11].

There shall be no 1solat10n breakdown as defined in 5.3.2 of IEC Publication 950 [8], during th b test, The
resistance [after the test shall be at least 2 MQ, measured at 500 V dc.

NOTE: Althopgh isolation is provided by the optical fiber cable link segment, it is recommended that the normal noise immunity pro-
vided by common-mode isolation on the AUI be retained.

9.9.3.2 Power Consumption. The current drawn by the FOMAU shall not-exceed 0.5 A when pow-
ered by the AUI source. The FOMAU shall be capable of operating from all possible voltage sourges as sup-
plied by the repeater unit (7.5.2.5 and 7.5.2.6) through the resistance of all ‘permissible AUI c(kbles. The
surge currgnt drawn by the FOMAU on power-up shall not exceed 5 A peak for a period of 10 mg. In addi-
tion, the FOMAU shall be capable of powering-up from 0.5 A current limited sources. :
It is permissible as an option to provide a separate power source for the FOMAU. If a separjate power
source is implemented, provision will be made to assure that power shall under no circumstances be
sourced on| pin 13 (Circuit VP) of the AUL
The FOj[AU shall be labeled externally to identify the maximum value of power supply current required

by the device when the AUI mechanical connection is implemented.
The FOMAU shall not introduce into the FOMAU’s transmit optical fiber or onto the DI or CI circuits of

the AUI any extraneous signal on routine power-up or’power-down under normal operating condjtions.
The FOMAU shall be fully functional no later than 0.5 s after power is applied to it.

operation without causing a communication, failure amongst DTEs attached to the network. The FOMAU
electronics| shall be designed to minimize the probability of component failures within the FOMAU that
prevent communication amongst other’ MAUs on the 10BASES and 10BASE2 segments. Connéctors and
other passive means of connection shall be designed to minimize the probability of total network [failure.

9.9.3.3 Reliability. The FOMAU shall be designed to provide a MTBF of at least 200 OOE/L};ours of
F

9.9.3.4 FOMAU/Repeater Unit Electrical Characteristics. The electrical characteristics of the
driver and |receiver components connected to the AUI cable shall be identical to those specified in [Section 7.

9.9.3.5 FOMAU/Ré,peater Unit Mechanical Connection. The FOMAU, if it implementp the AUI
mechanical connection, shall be provided with a 15-pin male connector, as specified in the AUI specification
of Section ¥.

9.9.4 FOMAU/Optical Medium Interface

9.9.4.1 Transmit Optical Parameters

9.94.1.1 Wavelength. The center wavelength of the optical source emission shall be between 790
and 860 nm. See Appendix D.

9.9.4.1.2 Spectral Width. The spectral width of the optical source shall be less than 75 nm full
width half maximum (FWHM).

9.9.4.1.3 Optical Modulation. The optical modulation during packet transmission shall be on-off
keying of the optical source power. The minimum extinction ratio shall be 13 dB.
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9.9.4.1.4 Optical Idle Signal. During the idle state of the DO circuit, the Transmit Function shall
input into the FOMAU’s transmit optical fiber an optical idle signal. This signal shall consist of a periodic
pulse waveform of frequency 1 MHz +25% —15% with a duty cycle ratio between 45/55 and 55/45.

9.9.4.1.5 Transmit Optical Logic Polarity. The higher optical power level transmitted into the
FOMAU’s transmit optical fiber shall correspond to the low (LO) logic state (see 7.4.2.1) of the AUI DO
circuit. ;

9.9.4.1.6 Optical Rise and Fall Times. The optical rise and fall times of the FOMAU shall be no
more than 10 ns from the 10% to the 90% levels. There shall be no more than 3 ns difference between the
rise and fall times.

uced by the
FOMA from the input of the DO circuit receiver to the output of the electro-optic source shall be no more
than 2 ns. The jitter measured at the input of the DO circuit receiver shall be measured at the zero crossing
points, as determined from the previous 16 or more transitions in any valid bit stream. The jitter measured
at the qutput of the electro-optic source shall be measured at the power level median of the pptical wave-
form’s ypper and lower power levels, as determined from the previous 16 or more transitiond in any valid
optical bit stream.

9.9.4.1.8 Peak Coupled Optical Power. At the beginning of thelZFOMAU's lifetime, the peak opti-
cal powpr coupled into the FOMAU’s transmit optical fiber, when terminated with an optical|connector as
specifiefl in 9.9.5.2, shall be —12 dBm + 2 dB, when measured with‘a graded index optical fib¢r of nominal
dimension of 62.5 um core diameter and 0.275 nominal numerical aperture. The actual optical power,
which vlill be coupled into other fiber sizes listed in 9.9.5.1, may differ from the above value. The peak opti-
cal powper shall be measured in the steady state, and the-measurement- shall be independé¢nt of optical
pulse ringing effects, Peak optical overshoot shall not exceed 10%.

NOTE: The above value does not include an aging margin. The source is allocated an aging margin of 3 dB over its opprating lifetime.
The variation in the peak- coupled optical power due to tolerances allowed by IEC Publication 793-2 [14] 1 for type Alb (62.5/125 um)
fiber is £1| dB. Hence, the minimum power level at the start of-life will be ~15 dBm.

9.9/4.2 Receive Optical Parameters

9.9.4.2.1 Receive Peak Optical Power Range. The BER shall be < 10-10 for peak optical powers
tput of the FOMAU's receiye-optical fiber between —27 dBm and -9 dBm.

9.9.4.2.2 Receive Optical Pulse Edge Jitter. The additional edge jitter introduced by the
FOMAU from the input of the opto-electric detector to the output of the DI circuit driver shall be no more
than 4 ns. The jitter measured at the input of the opto-electric receiver shall be measured pt the power
level median of the optical waveform’s upper and lower power levels as determined from the previous 16 or
more transitions in<any valid optical bit stream. The jitter measured at the output of the DI ¢ircuit driver
shall bqd measured<at the zero crossing points as determined from the previous 16 or more transitions in
any valid bit_stream. This requirement shall apply when the optical receive peak power lgvel is in the
range ~R7 t0 -9 dBm.

99423 F = Polar The i 2100
shall correspond to the presence of the hlgher optlcal power level at the output of the FOMAU’s receive
optical fiber.

9.9.5 Characteristics of the Optical Fiber Cable Link Segment. The optical fiber cable link seg-
ment is a length of optical fiber cable (IEC Publications 794-1 [15] and 794-2 [16]) containing two optical
fibers, as specified in 9.9.5.1, and comprising one or more optical fiber cable sections and their means of

UThis FOIRL specification is to be read with the understanding that the followmg changes to IEC Publications 793-2 [14] have
been requested;
(1) Correction of the numencal aperture tolerance in Table III to £0,015.
(2) Addition of another bandwidth category, of > 150 MH?z referred to 1 km, for the type A1b fiber in Table III.
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interconnection. Each optical fiber is terminated at each end in the optical connector plug specified in
9.9.5.2. The two optical fibers correspond to the FOMAU’s transmit and receive optical fibers.

9.9.5.1 Optical Fiber Medium. The FOMAU can operate with a variety of optical ﬁber sizes, e.g., 50/
125 um, 62.5/125 pm, 85/125 pm, 100/140 pm.

Interoperability of FOMAUSs that originate from dlfferent manufacturers, using any of these fiber sizes,
is assured provided that the received peak optical power is between —27 dBm and -9 dBm and the optical
fiber cable link segment bandwidth is greater than or equal to 150 MHz.

In order to satisfy the above attenuation and bandwidth criteria for all allowable FOIRL lengths, and
assuming up to 4 dB of connection losses within the optical fiber cable link segment, it is recommended
that the cabled optical fiber have an attenuation < 4 dB/km and a bandwidth of = 150 MHz referred to 1 km
at a wavelength of 850 nm.

The totald ame i o o O O o o n N A
less than 1|ns when drlven by an opt1ca1 transmitter as specified in 9.9. 4 1. The pulse delay intr
the optical [fiber cable shall not exceed 50 bit times for a 1 km length.

In the sppcific case of 62.5/125 um fiber, to ensure interoperability of FOMAUSs that originate frpm differ-
ent manufgcturers:

ent shall be
bduced by

(1) Theltwo cabled optical fibers contained in the optical fiber cable link segment shall satisfy the opti-
cal fiber parameters specified in IEC Publication 793-2 [14] type Alb (62.5/125 um),12 and
(2) Theloptical fiber cable link segment shall have an attenuation less than or equal to 8 dB anld a band-
width greater than or equal to 150 MHz.

9.9.5.2| Optical Medium Connector Plug and Socket. The two optical fibers contained ir] the opti-

cal fiber cable link segment shall be terminated at each end in an optical connector plug as specified in IEC
Publications 874-1 [18} and 874-2 [19].
The corr¢sponding mating connector socket shall conform@with the specifications given in IEQ Publica-
tions 874-1)and 874-2. This document specifies the mechanical mating face dimensions to ensure |mechani-
cal intermateability without physical damage, of all F-SMA connectors covered by the docyment. In
addition, tfe optical insertion loss when interconnecting two optical connector plugs shall npt exceed
2.5 dB (measured using a socket adaptor conforming to the mechanical specifications given in IE( Publica-
tions 874-1 and 874-2 and also using two identical fibers, as specified in 9.9.5.1, assuming unif¢grm mode
distribution launch conditions).

9.9.6 System Requirements

9.9.6.1|Optical Transmission System Considerations. 9.9.4.2.1 specifies that the BER shall be
<10-10 for peak optical powers.at the output of the FOMAU’s receive optical fiber between -27 dBm and
-9 dBm. The value of -9 dBm_corresponds to the maximum allowable peak optical power that can be cou-
pled into the worst-case optical fiber specified in 9.9.5.1 at the beginning of the FOMAU’s lifetime (see
9.9.4.1.8), dnd assumes'zero optical loss between the optical source output and the optical detector input.
The valup of -27 dBm is calculated by subtracting the FOIRL flux budget from the minimum pllowable
peak opticgl powerithat can be coupled into the FOMAU’s transmit optical fiber at the beginning of the
FOMAU’s ljfetime (see 9.9.4.1.8). The flux budget is the maximum loss allowed within the FOIRL to guar-
antee a BER £.10-10 assuming worst-case link components. A portion of the flux budget has been|allocated
as a design margin to allow for degradation and tolerance effects in the optical source. This is noted in the
table below as the optical source lifetime degradation. The remaining flux budget of 9 dB assumes a system
margin allowance for the optical fiber cable link segment over its lifetime, and may be allocated to the opti-
cal fiber cable link segment loss at the discretion of the network planner/installer. The following summa-
rizes the allocated optical flux budgets for the example graded index optical fiber of worst-case dimensions
62.5 um — 3 um (i.e., 59.5 um) core diameter and 0.275 — 0.015 (i.e., 0.260) numerical aperture:

12This FOIRL specification is to be read with the understanding that the following changes to IEC Publication 793-2 [14] have been
requested:

(1) Correction of the numerical aperture tolerance in Table III to £ 0.015.

(2) Addition of another bandwidth category, of 2 150 MHz to 1 km, for the type Alb fiber in Table III.
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Start of life minimum peak coupled optical power (9 9.4.1.8)

Optical source lifetime degradation

Maximum optical fiber cable link segment loss
including system margin allowance

Resultant required receive peak optical power

LOCAL AND METROPOLITAN AREA NETWORKS:

: =15 dBm
:3dB

:9dB
: =27 dBm

9.9.6.2 Timing Considerations. Table 9-1 summarizes the maximum allowable timing budget contri-
butions to the system timing budget for the FOIRL. The last b1t in to last bit out delay shall equal the

Steady-State Propagation Delay.

Table 9-1
Maximum Allowable Timing Budget Contributions to the FOIRL System Timing Budget
: Steady-State
. Bit Loss Propagation Start-Up
Symbol Function oy Delay
, (bit times) Delay (bik times)
(bit times) e8
&1 OPTICAL DATA IN 2.0 0.5 3.5
ASSERT-INPUT : ,
12 OUTPUT-OPTICAL 2.0 0.5 3.5
’ DATA OUT ASSERT
LOOP DO CIRCUIT ASSERT 5.0 1.0 7.0
BACK —-DI CIRCUIT ASSERT
13 OPTICAL COLLISION — — 3.5
-SQE ASSERT
14 COLLISION DEASSERT — — 7.0%
—+SQE DEASSERT : ~
Al AUI Propagation —_ 2.57 2.57
F1 Optical Fiber Propagation — 50 50
per Kilometer '

#*Mjnimum Start-up Délay for I4 is 4.5 bit times.

9.9.7|Environmental Specifications

9.9{7.1 Safety Requirements

9.9.7.1.1 Electrical.Safety. A major application for the vendor-independent FOIRL is|for intercon-

necting| 10BASES5 and/ox{ I0BASE2 coaxial cable segments located within different buildings| The level of
isolatiop provided by, the optical fiber cable link segment shall be consistent with this application and pro-

vide adequate personnel and equlpment safety from earth faults and lightning strike hazards|

9.9.7.1.2 Optlcal Source Safety. The recommendations of IEC 825 Publication [17] if applicable,
shall bd adKered to in determining the optical source safety and user warning requirements.

9.9.7.2 Electromagnetic Environment

9.9.7.2.1 Susceptibility Levels. Sources of interference from the environment include electromag-

netic fields, electrostatic discharge, and transient voltages between earth connections. Several sources of
interference contribute to voltage between the optical fiber cable link segment (either a metallic strength
member in the cable, a metallic optical connector plug, or the outermost conducting element of the FOMAU
for the case of no metallic strength member) and the earth connection of a DTE.
For information on limits and methods of measurements of radio interference characteristics of informa-

tion technology equipment, see 1.3 in CISPR Publication 22 [1].

The physical channel hardware shall meet its specifications when operating in both of the following

conditions:
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(1) Ambient plane wave field of 2 V/m from 10 kHz through 30 MHz and 5 V/m from 30 MHz through
1 GHz. ‘

NOTE: These are the levels typically found 1 km from radio broadcast stations.

(2) Interference source voltage of 15.8 V peak sine wave of frequency 10 MHz in series with a 50 Q
source resistance applied between the optical fiber cable link segment (either a metallic strength
member in the cable, a metallic optical connector plug, or the outermost conducting element of the
FOMAU for the case of no metallic strength member) and the earth connection of a DTE.

NOTE: The optical fiber link segment is capable of withstanding higher levels of electromagnetic interference. The above
specifications are the minimum requirements for the environment in which the FOMAU is required to operate.

9.9.7.2.2 Emission Levels. The FOMAU and optical fiber cable link segment shall comply with

CISPR Publication 22 [1].

9.9.7.3
expected tg

are beyond

IEC 874-1

Temperature and Humidity. The FOMAU and associated connector/cable systems are
operate over a reasonable range of environmental conditions related to temperature, humidity,
and physical handling such as shock and vibration. Specific requirements and values for these parameters
the scope of this standard. Manufacturers should indicate in the literature associateq with the
FOMAU (and on the FOMAU if possible) the operating environment specifications to’facilitate [selection,
installation, and maintenance of these components. It is further recommended that such specifi¢ations be
stated in standard terms, as specified in IEC Publications 68 [12], IEC 793-1 [13], IEC 794-1|[15], and

18].
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10. Medium Attachment Unit and Baseband Medium Specifications,
Type 10BASE2

10.1 Scope

10.1.1 Overview. This standard defines the functional, electrical, and mechanical characteristics of the
Medium Attachment Unit (MAU) and one specific medium for use with local area networks. The relation-
ship of this specification to the entire CSMA/CD Local Area Network Specification is shown in Fig 10-1.

___0osl LAN -
DEL CSMAICD
LAYERS LAYERS
APPLICATION © HIGHER LAYERS
PRESENTATION LLG
/ | LOGICAL LINK CONTROL
/
MAC .
SESSION /" |mepia access controL | S-CorE § pre
/ AUI not
/7 PLS gxposgd)
TRANSPORT ; /| PHYSICAL SIGNALING
/ / /
NETWORK r o,
/
DATA LINK /7
MAU
PHYSICAL _
_— MDI
AUl = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT
MDI =_MEDIUM DEPENDENT INTERFACE
PMA  ="PHYSICAL MEDIUM ATTACHMENT
Fig 10-1
Physical Layer Partitioning, Relationship to the ISO Open Systems Interconnectjon
(OSI Reference Model
The purpose of the MAU-1s.-to provide a simple, inexpensive, and flexible means of attaching fevices to
the local area network medium. This standard defines a means of incorporating the MAU function within
the DTE and bringing)the trunk coaxial cable directly to the DTE. Interconnection of DTE unit} is easily
achieved by the useofindustry standard coaxial cables and BNC connectors.
This MAU and-medium specification is aimed primarily at applications where there are a [relatively
small number of devices located in a work area. Installation and reconfiguration simplicity is achieved by
the type of [cable and connectors used. An inexpensive implementation is achieved by eliminating|{the MAU

and Attachment Unit Interface (AUI) as separate components and using widely available interconnection
components. ' '

10.1.1.1 Medium Attachment Unit (normally contained within the data terminal equipment
[DTE]). The MAU has the following general characteristics:

(1) Enables coupling the PLS to the explicit baseband coaxial transmission system defined in this sec-
tion of the standard.

(2) Supports message traffic at a data rate of 10 megabits per second (Mb/s).

(3) Provides for driving up to 185 m (600 ft) coaxial trunk cable segment without a repeater.

(4) Permits the DTE to test the MAU and the medium itself.
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(5) Supports system configurations using the CSMA/CD access mechanism defined in the ISO [IEEE]
Local Area Network Specification.

(6) Supports a bus topology interconnection means.

(7) Supports low-cost capability by incorporating the MAU function within the phys1cal bounds of the
DTE, thereby eliminating the need for a separate AU connector and cable but containing the
remaining AU interface functionality.

10.1.1.2 Repeater Unit. The Repeater Unit is used to extend the physical system topology and pro-
vides for coupling two or more coaxial trunk cable segments. Multiple Repeater Units are permitted within
a single system to provide the maximum trunk cable connection path specified in 10.7. The repeater is not
a DTE and therefore has slightly different attachment requirements.

10.1.2 Definitions, This section defines the specialized termmology apphcable to MAUs and Repeater

Units.

Attach
ment U

baseband coaxial system. A system whereby information is directly encoded’and impresse

ial tran

without disruption.

carrier sense. In a local area network, an ongoing activity of a-data station to detect w

anothe

NOTE: A
transmit;

ment Unit Interface (AUI). In a local area network, the interface between the Mg
fnit (MAU) and the data terminal equipment within a data station.

smission medium. At any point on the medium only one information signal at a time ¢

r station is transmitting.

ting on the trunk coaxial cable.

coaxi

tor. Cable sections are joined to other cable sectionsia BNC plug/receptacle barrel or Type T

coaxi
coaxial

collisi

collisi
indicat

Medium Attachment Unit (MAU). In a local area network, a device used in a data statlon

data te|

cable section. A single length of coaxial cable terminated at each end with a BNC
cable segment. A length of coaxial cable made uﬁ from one or more coaxial cable
connectors, terminated at each end in-its characteristic impedance.
pn. An unwanted condition that@esults from concurrent transmission on the physical
bn presence. A signal provided by the PLS to the PMA sublayer (within the Data 1

b that multiple stations are contending for access to the transmission medium.

rminal eqmpment (DTE) to the transmission medium.

dium Attach-

] on the coax-
an be present

hether or not

collision presence signal is provided by the PLS to the PMA sublayer to indicate that one or more statigns are currently

male connec-
adapters.

sections and

medium.

ink Layer) to

to couple the

Medium Dependent Interface (MDI). The mechamcal and electrical interface between thie trunk cable

mediui]

Physic

h and the MAU.

al Medium Attachment (PMA). The portion of the MAU that contains the fun,ctionTl circuitry.

Physical Signaling Sublayer (PLS). The portion of the Physical Layer, contained within the DTE, that
provides the logical and functional coupling between MAU and Data Link Layers.

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

normal

data and collision signals.

trunk cable. The trunk coaxial cable system.

NOTE: For additional definitions, see 8.1.2.
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10.1.3 Application Perspective: MAU and Medium Objectives. This section states the broad objec-
tives and assumptions underlying the specifications defined throughout Section 10 of the standard.

10.1.3.1 Object

(1) Provide the physical means for communication between local network Data Link entities.

NOTE: This specification covers a portion of the Physical Layer as defined in the OSI Reference Model and, in addition, the
physical medium itself, which is beyond the scope of the OSI Reference Model.

(2) Define a physical interface that can be implemented independently among different manufacturers
of hardware and achieves the intended level of compatibility when interconnected in a common local
network.

(3) Provide a communication channel capable of high bandwidth and low bit error rate performance.
The resultant mean bit error rate, at the Physical Layer service interface, should be less than one
partlin 107 (on the order of one part in 108 at the link level).

(4) Provide for ease of installation and service.

(5) Provide for high network availability (ability of a station to gain access to the medium and enable
the IData Link connection in a timely fashion).

(6) Enable low-cost implementations.

NOTH: The figures and numerous textual references throughout the section refer to terminology associated with the AUI

(that (is, DO, DI, CI). Since the normal embodiment of the Type 10BASE2 configuration does not require an AUI, afctual exist-

ence ¢f the DO, DI, CI circuit may not be required. Use of this terminology, however, is retained throughout Se¢tion 10 for
purpoges of clarity and consistency.

10.1.3.2 Compatibility Considerations. All implementations of'this baseband coaxial system shall

be compatible at the Medium Dependent Interface (MDI).
This standard provides one explicit trunk cable medium specification for the interconnection of{all MAU
devices. The medium itself, and the functional capability of theyMAU, are defined to provide the¢ highest
possible level of compatibility among devices designed by different manufacturers. Designers arxe free to
implement tircuitry within the MAU in an application-depéndent manner provided the MDI specjfications
are satisfied.

10.1.3.3 Relationship to PLS and AUI This'section defines the Primary Physical Layer for|the local
area network, a layer comprised of both the physical medium and the rudimentary circuitry necpssary to
couple a station’s message path directly to/from the medium. The complete Logical Physical Layer of the
local area network resides within the DTE: Therefore, a close relationship exists between this se¢tion and
Section 7. This section specifies the physical medium parameters, the PMA logical functions residing in the
MAU, and neferences the signal circuits associated with the AUI as defined in Section 7.
The design of a MAU component réquires the use of both this section and parts of the PLS and AUI spec-
ifications cojntained in Section 7.

10.1.3.4 Mode of Operation. The MAU functions as a direct connection between the baseband
medium andl the DTE, Data from the DTE is output to the coaxial trunk medium and all data on the coax-
ial trunk medium isinput to the DTE.

10.2 Referénces.) References to such local or national standards that may be useful resource material for
the reader greddentified and located in the Annex at the end of this book.

10.3 MAU Functional Specifications. The MAU component provides the means by which signals on the
three AUI signal circuits to/from the DTE and their associated interlayer messages are coupled to the sin-
gle coaxial cable baseband signal line. To achieve this basic objective, the MAU component contains the fol-
lowing functional capabilities to handle message flow between the DTE and the baseband medium:

(1) Transmit Function. The ability to transmit serial data bit streams on the baseband medium from
the local DTE entity to one or more remote DTE entities on the same network.

(2) Receive Function. The ability to receive serial data bit streams over the baseband medium.

(3) Collision Presence Function. The ability to detect the presence of two or more stations’ concurrent
transmissions.
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(4) Jabber Function. The ability to automatically mterrupt the Transmit Function and inhibit an
abnormally long output data stream.

10.3.1 MAU Physical Layer Functional Requirements

10.3.1.1 Transmit Function Requirements. At the start of a frame transmission on the coaxial
cable, no more than 2 bits (2 full bit cells) of information may be received from the DO circuit and not
transmitted onto the coaxial medium. In addition, it is permissible for the first bit sent to eontain invalid
data or timing; however, all successive bits of the frame shall be reproduced with no more than the speci-
fied amount of jitter. The 4th bit cell shall be carried from the DO signal line and transmitted onto the
coaxial trunk cable medium with the correct timing and signal levels. The steady-state propagation delay
between the DO circuit receiver input and the coaxial cable output shall not exceed 1/2 bit cell. There shall
be no Jogical signal inversions between the branch cable DU circuit and the coaxial trunk cable (for exam-
ple, a fhigh” logic level input to the MAU shall result in the less negative current flow valu¢ on the trunk
coaxia] medium). A positive signal on the A signal lead of the DO circuit shall result inra“more¢ positive volt-
age leyel on the trunk coaxial medium. It is assumed that the AUI shall provide adequpte protection
againli noise. It is recommended that the designer provide an implementation in which a minimum
threshpld signal is required to establish a transmit bit stream.

The [Transmit Function shall output a signal on the trunk coaxial medium whose levels and waveform
- comply with 10.4.1.3.

In addition, when the DO circuit has gone idle after a frame is putput, the MAU shall then activate the
Collisipn Presence Function as close to the trunk coaxial cable as'possible without introducing an extrane-
ous signal on the trunk coaxial medium. The MAU shall initiate the Collision Presence statq within 0.6 ps
to 1.6 s after the Output Idle signal (Wait_Timer_Done in-Fig 10-2) and shall maintain an attive Collision
Preserice state for a time equivalent to 10 + 5 bit cells.

PowerOn
———
.......... OUTPUT'DLE Output OUTPUT
® disable_driver : enoblo_dr?lv:l;
® mau_ovailable mat_.available
(if no_collision) (if no_collision)
® SQE (if COIIIalon) ® SQE (if Colllsion)
output_.idle
SQE TEST WAIT

® start wait._timer
® disable_driver
® SQE (if Coliision)
® mau._available

test_timer_done (it no_collision)
wait..timer_done.

SQE. TEST ucT START TEST TIMER
e disable_driver ® disable__driver
® saE ® SQE (if Collision)

® atart test_timer

(UCT = uneconditional transition)
(Wait_Timer_Done is specified in 10.3.1.1)

Fig 10-2
MAU Interface Function
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10.3.1.2 Receive Function Requirements. The signal from the coaxial trunk cable shall be ac cou-
pled before reaching the receive DI circuit. The Receive Function shall output a signal onto the DI circuit
that complies with the specification for drivers in MAUs (7.5).

At the start of a frame reception from the coaxial cable, no more than 5 bits (5 full bit cells) of informa-
tion may be received from the coaxial cable and not transmitted onto the receive DI circuit. In addition, it
is permissible for the first bit sent over the receive circuit to contain invalid data or timing; however, all
successive bits of the frame shall reproduce the incoming signal with no more than the amount of jitter
specified below. This implies that the 7th bit cell presents valid data to the PLS. The steady-state propaga-
tion delay between the coaxial cable and the receive DI circuit output shall not exceed 1/2 bit cell. There
are no logical signal inversions between the coaxial (trunk) cable and the MAU receive circuit.

A MAU meeting this specification shall exhibit edge jitter into the DI pair when terminated in the appro-
priate test load specified in 7.4.1.1, of no more than 7.0 ns in either direction when it is installed on the dis-
tant end of all lengths up to 185 m (600 ft) of the cable specified in 10.5.1.1 through 10.5.2.1.5 terminated
at both ends|with terminators meeting the impedance requirements of 10.6.2.1 and driven at one Td with

pseudorandom Manchester encoded binary data from a data generator that exhibits no more than 1.0 ns of
edge jitter in| either direction on half bit cells of exactly 1/2 BT and whose output meets the specificgtions of
10.4.1.3 except that the rise time of the signal shall be 30 ns + 0, — 2 ns. The combinationof coaxial cable
and MAU re¢eiver introduce no more than 6 ns of edge jitter into the system.

. The local Transmit and Receive Functions shall operate simultaneously while connected to the medium.

10.3.1.3 Collision Presence Function Requirements. The signal presented to the CI circujt in the
“absence of a pollision shall be the IDL signal.

The signal| presented to the CI circuit during the presence of a collisierishall be the CSO signals pncoded
as specified ip 7.3.1.2. This signal shall be presented to the CI circuit no more than 9 bit times after|the sig-
nal (that is, flc average) on the coaxial cable at the MAU equals ot exceeds that produced by two (¢r more)
MAU outputp transmitting concurrently under the condition that the MAU detecting collision presence is
transmitting, Under no conditions shall the Collision Presence‘Function generate an output when ¢nly one
MAU is transmitting. A MAU, while not transmitting, may detect the presence of two other MAUjs trans-
mitting and ghall detect the presence of more than twoother MAUs transmitting. Table 10-1 summarizes
the allowablé conditions under which collisions shall:-be detected.

The collisipn presence function may, in some implementations, be able to sense an abnormal (for exam-
ple, open) medium.

The use of[MAUSs in repeaters requires additional considerations; see 10.4.1.5.

Table 10-1
. Generation of Collision Presence Signal
MAU Numbers of Transmitters
Transmitting <2 =2 >2
Not Transmitting N Y Y
N ) May Y

Y  =will generate SQE message
N = will not generate SQE message
May = may generate SQE message

10.3.1.4 Jabber Functional Requirements. The MAU shall contain the capability as defined in
Fig 10-3 to interrupt a transmission from a DO circuit that exceeds a time duration determined by the
MAU. This time duration shall not be less than 20 ms nor more than 150 ms. If the frame being transmit-
ted continues longer than the specified time duration, the MAU shall inhibit transmission and assume its
not-transmitting state on the coaxial cable.

When the Transmit Function has been positively disabled, the MAU shall then activate the Collision
Presence Function without introducing an extraneous signal on the trunk coaxial medium. A MAU may
reset the Jabber and Collision Presence Functions on power reset once the error condition has been
cleared. Alternately, a MAU may reset these functions automatically after a period of 0.5 s + 50%.
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POWER ON

NO .QUTPUT

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

® roset frome..timer
o reset unjob_.timer

MAU TRANSMITTER ACTIVE

START TIMER

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

® gtart frame_ timer

ucT

(MAU TRANSMITTER LEGAL—LENGTH OUTPUT :

NOT ACTIVE)

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

® SQE
® disable._driver

output_idle. * (MAU WITH UNJAB' TIMER)

START. UNJAB TIMER

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

o start unjab_timer
o disable_driver

SQF.
ucr
UNJAB WAIT
® digable_driver output * (unjab._
® SQE
9 timer_not..done)

unjab_timer..done

(Figure 10-3 outpuls override those in Fig 10-2.
Optional states: START UNJAB TIMER, UNJAB WAIT.)

Fig 10-3
Jabber Function State Diagram

10.3.2 MAU Interface Messages

10.3.2.1 DTE to MAU Messages. The following messages can be sent by the DTE Physical Layer
(PLS Sublayer) Entities to the MAU Entities:
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Message Circuit Signal ' Meaning
output DO ~ CD1, CD0 Output information

output_IDL DO IDL No data to be output

10.3.2.2 MAU to DTE Messages. The following messages can be sent by the MAU Physical Layer

Entities to the DTE Physical Layer Entities:

Message Circuit Signal Meaning
input DI CD1, CDO" Input information
input_idle DI IDL No information to be input
mau_availgble CI IDL MAU is available for.outpput
SQE CI CSo0 Error detected by MAU

. *It is assumed that no retiming of these clocked data signals takes place within the MAU.

10.3.
MAU has a bit of data to send to the DTE. The physical realization of the input message is a CD(
sent by the MAU to the DTE on the Data In circuit. The MAU sends CDO-if the input bit is a zero d
the input bit/is a one. No retiming of the CD1 or CDO signals takes place within the MAU.

2.1 input Message. The MAU sends an input message to the'DTE Physical Layer when the

or CD1
r CD1if

10.3.22.2 input_idle Message. The MAU sends an input/idle message to the DTE Physical Layer

when the
is the IDL si

al sent by the MAU to the DTE on the Data-In circuit.

10.3.22.3 mau_available Message. The MAW sends the mau_available message to the D'l
ical Layer when the MAU is available for output;\The mau_available message is always sent by

U does not have data to send to the DTE. The physical realization of the input_idle message

E Phys-
a MAU

that is always prepared to output data unless the' SQE message should be sent instead. Such a N{fU does

au_request to prepare itself forydata output. The physical realization of the mau_
IDL signal sent by the MAU to the DTE on the Control In circuit.

not require
message is

10.3.1121.4 signal_quality_error (SQE) Message. The SQE message shall be implemente
on:

(1) The SQE message shall not be sent by the MAU if no or only one MAU is transmitting on t
coaxial medium.

2) If mote than two remote MAUs are transmitting on the trunk coaxial medium, but the
necteql to thedecal DTE is not transmitting, then the local MAU shall send the SQE mes
every|instance when more than one MAU is transmitting on the coaxial medium, the
make|the best determination possible. It is acceptable for the MAU to fail to send the SQE
whenst . . . e

(8) When the local MAU is transmitting on the trunk coaxial medium, all occurrences of one
additional MAUs transmitting shall cause the SQE to be sent by the local MAU to its DTE.

vailable

d in the

or more

(4) When the MAU has completed each output frame it shall perform an SQE test sequence. Note that

MAUSs associated with repeaters shall not generate the SQE test sequence.

(5) When the MAU has inhibited the Transmit Function, it shall send the SQE message in accordance

with the Jabber Function requirements of 10.3.1.4 and Fig 10-3.

The SQE message shall be asserted less than 9 bit cells after the occurrence of the multiple-transmission
condition is present at the Medium Dependent Interface (MDI) and shall no longer be asserted within
20 bit cells after the indication of multiple transmissions ceases to be present at the MDI. It is to be noted
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that an extended delay in the removal of the SQE message may adversely affect the access method
performance.

The physical realization of the SQE message is the CS0 signal sent by the MAU to the DTE physical lay-
ers on the Control In circuit.

NOTE: The MAU is required to assert the SQE at the appropriate times whenever the MAU is powered and not just when the DTE
physical layer is providing data output. ‘

10.3.3 MAU State Diagrams. The state diagrams, Figs 10-2 and 10-3, depict the full set of allowed
MAU state functions relative to the control circuits of the DTE-MAU interface for MAUs without condition-
ing requirements. Messages used in these state diagrams are explained below: ‘

enable_driver. Activates the path employed during normal operation to cause the MAU transmitter to
impress data onto the trunk coaxial medium.

disable_driver. Deactivates the path employed during normal operation to cause the MAU transmitter to
impress data onto the trunk coaxial medium.

no_collision. Signifies that the condition of multiple transmitters simultaneously activeé on the trunk
coaxial medium does not exist. .

colligion. Signifies that the condition of multiple transmitters simultaneously active on the trunk coaxial
mediym does exist.

frame_timer. Measures the time the MAU transmits on the trunk coaxial cable,
test_timer. Measures the length of the SQE Test.
unjab_timer. Measures the amount of time the MAU has been in J ab mode.

wait timer. Measures the time between output-idle and the start of the SQE Test.

10.4 U-Medium Electrical Characteristics

10.4.1 MAU-to-Coaxial Cable Interface. The following subsections describe the interfape between the
MAU |and the coaxial cable. Negative current is defined as current into the MAU (out of the|center conduc-
tor of the cable).

19.4.1.1 Input Impedance. The shunt capacitance presented to the coaxial cable by the MAU cir-
cuitryl (not including ‘the means of attachment to the coaxial cable) is recommended to be not greater than
6 pF. The magnittide of the reflection from a MAU plus the cable connection specified in 10.6.3 shall not be
more than that-produced by an 8 pF capacitance when measured by both a 25 ns rise tim¢ and 25 ns fall
time wavefornm: The resistance presented to the coaxial cable shall be greater than 100 kQ.

These conditions shall be met in both the power-off and power-on, not-transmitting states|

10.4.1.2 Bias Current. The MAU must draw (from the cable) between +2 pA and — 25 pA in the power-
off and the power-on, not-transmitting states.

10.4.1.8 Coaxial Cable Signaling Levels. The signal on the coaxial cable due to a single MAU as
measured at the MAU’s transmitter output is composed of an ac component and an offset component.
Expressed in terms of current immediately adjacent to the MAU connection (just prior to splitting the cur-
rent flow in each direction), the signal has an offset component (average dc current including the effects of
timing distortion) of from — 37 mA min to — 45 mA max and an ac component from + 28 mA up to the offset
value.
The current drive limit shall be met even in the presence of one other MAU transmitter. The MAU shall
be capable of generating at least 2.2 V of average dc level on the coaxial cable in the presence of two or
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more other MAUs transmitting concurrently. The MAU shall, in addition, sink no more than + 250 pA
when the voltage on the center conductor of the cable drops to — 10 V when the MAU is transmitting.

The actual current measured at a given point on the cable is a function of the transmitted current and
the cable loss to the point of measurement: Negative current is defined as current out of the center conduc-
tor of the cable (into the MAU). The 10 — 90% rise/fall times shall be 25 + 5 ns at 10 Mb/s. The rise and fall
times must match within 2 ns. Figure 10-4 shows typical waveforms present on the cable. Harmonic con-
tent generated from the 10 MHz fundamental periodic input shall meet the following requirements:

Second and Third Harmonics: At least 20 dB below fundamental
Fourth and Fifth Harmonics: At least 30 dB below fundamental
Sixth and Seventh Harmonics: At least 40 dB below fundamental
All Higher Harmonics: At least 50 dB below fundamental

NOTE: Evep-harmonies-are-typieally-muchlowes

& mA

-17 mA
4114 mA

B
m
i

-65mA
~90 mA

Fig 104
Driver Current Signal Levels

The abové specifications concerning harmonics cannot be satisfied by a square wave with a sipgle-pole
filter, nor cgn they be satisfied by an output wayeform generator employing linear ramps without addi-
tional waveshaping. The signals, as generated from the encoder within PLS, shall appear on the coaxial

cable withofit any inversions (see Fig 10-5),

T o

NOTE: (1) Voltages given are nominal, for a single transmitter.
(2) Rise time is 25 ns nominal at 10 Mb/s rate.
(8) Voltages are measured on terminated coaxial cable adjacent to transmitting MAU.
(4) Manchester coding.
Fig 10-5
Coaxial Trunk Cable Signal Waveform
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10.4.1.4 Transmit Qutput Levels Symmetry. Signals received from the DO circuit must be trans-
mitted onto the coaxial cable with the characteristics specified in 10.4.1.3. Since the coaxial cable proceeds
in two directions from the MAU, the current into the MAU is nominally twice the current measured on the
coaxial cable.

The output signal of a MAU meeting this specification shall exhibit edge jitter of no more than 2.5 ns into
a 25 Q + 1% resistor substituted for the connection to the coaxial cable when the DO circuit into the MAU
is driven with pseudo-random Manchester encoded binary data from a data generator that exhibits no
more than 0.5 ns of edge jitter on half bit cells of exactly 1/2 BT, whose output meets the specifications of
7.4.1.1 through 7.4.1.5. The above specified component shall not introduce more than 2 ns of edge jitter into

the system.

The MAU shall not transmit a negative going edge after cessation of the CD output data stream or before
the first valid edge of the next frame.

4.1.5 Collision Detect Thresholds. For receive mode collision detection the MAT shall have its
collisfon detection threshold set in the range —1404 mV and —-1581 mV. These limits.take account of up to
8% cdllision detect filter impulse response. If a specific filter implementation has ahigher value of impulse
respohse, the lower threshold limit of —1404 mV is required to be replaced by 1300 mV x [1 + impulse
respopse]. .
Redeive mode collision detection indicates that a nontransmitting MAU has the capability to detect colli-
sions[when two or more MAUs are transmitting simultaneously.

MAUs included with repeater sets are required to implement recéiye mode collision detection.
When receive mode collision detection is not implemented, the upper limit of ~1581 mV may be relaxed
to —1782 mV.

NOTE{] The above threshold limits are measured at the coaxial cable-center conductor with respect to the shield af the MAU connec-
tor. The MAU designer must take into account circuit offsets, low-frequency noise (for example, 50 Hz, 60 Hz), and 5 MHz ripple at
r output in determining the actual internal threshold value'and its tolerance.

10.4.2 MAU Electrical Characteristics

.4.2.1 Electrical Isolation. The MAU must provide isolation between the DTE Phygical Layer cir-
cuits pnd the coaxial trunk cable. The, isolation impedance measured between any conductor in the DTE
Physikal Layer circuitry and either the center conductor or shield of the coaxial cable shall be greater than
250 at 50 Hz, 60 Hz. In addition, the isolation impedance between the DTE ground gnd the coaxial
hield shall be less than 15 Q between 3 MHz and 30 MHz. The isolation means provided shall with-
stand|500 V ac, rms for one minute.

. 1p.4.2.2 Power Consumption. The current drawn by the MAU shall not exceed 0.5 A if powered by
the AUI source. The"MAU shall be capable of operating from all permissible voltage sources|as supplied by
the DI'E through'the resistance of all permissible AUI cables. The MAU shall not disrupt the trunk coaxial
mediym should'the DTE power source fall below the minimum operational level under gbnormal MAU
load gonditions.

Thd MAU shall be labeled externally to identify the maximum value of current required by the device.
This requirement only applies o MAUs that are external to DTEs.

10.4.2.3 Reliability. The MAU shall be designed to provide an MTBF of at least 100 000 hours of con-
tinuous operation without causing communication failure among other stations attached to the local net-
work medium. Component failures within the MAU electronics should not impede the communication
among other MAUs on the coaxial cable. Connectors and other passive components comprising the means
of connecting the MAU to the coaxial cable shall be designed to minimize the probability of total network
failure.

It should be noted that a fault condition that causes a MAU to draw in excess of 2 mA from the coaxial
cable may cause communication failure among other stations.
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10.4.3 MAU-DTE Electrical Characteristics. If the AUI is exposed, the electrical characteristics for
the driver and receiver components connected between the DTE Physical Layer circuitry and the MAU
shall be identical with those as specified in Section 7 of this standard.

10.5 Characteristics of Coaxial Cable System. The trunk cable is of constant impedance, coaxial con-
struction. It is terminated at each of the two ends by a terminator (see 10.6.2), and provides the transmis-
sion path for connection of MAU devices. Coaxial cable connectors are used to make the connection from
the cable to the terminators and between cable sections. The cable has various electrical and mechanical

requirements that shall be met to ensure proper operation.

10.5.1 Coaxial Cable Electrical Parameters. The parameters specified in 10.5.1 are met by cable

types RG 58

A/U or RG 58 C/U.

10.5.1.1
Periodic vai

around the average value, with a period of less than 2 m.

10.5.1.2
sured at 10 ]

10.5.1.3

10.5.14

Characteristic Impedance. The average characteristic cable impedance shall be-§
iations in impedance along a single piece of cable may be up to 3 Q sinusoidal,

Attenuation. The attenuation of a 185 m (600 ft) cable segment shall not exceed 8.5
MHz, or 6.0 dB measured at 5 MHz. '

Velocity of Propagation. The minimum required velocity of propagation is 0.65 c.

Edge Jitter; Entire Segment without DTEs Attached. A'coaxial cable segment

this specific
when 185

requirements of 10.6.2.1 and is driven at one end with pseudorandom Manchester encoded bin

htion shall exhibit edge jitter of no more than 8.0 ns in‘either direction at the recei
(600 _ft) of the cable is terminated at both ends with-terminators meeting the im

0+2Q.
rentered

dB mea-

meeting

ring end
pedance

ry data

from a data [generator that exhibits no more than 1.0 ns of edge jitter in either direction on half bit cells of
exactly /5 BT and whose output meets the specifications of 10.4.1.3, except that the rise time of the signal
s + 0, — 2 ns, and no offset component in the output current is required. This test shalll be con-

must be 30
ducted in a
edge jitter iy

10.5.1.5

to minimize

medium ang

measure of

alarge exte

The transi
quency.

10.5.1.6
resistance m

ierformance expected from-the cable component. A cable’s EMC performance is deter

noise-free environment. The above specified component is not to introduce more tha
1to the system.

Transfer Impedance. The coaxial cable medium shall provide sufficient shielding c4

its susceptibility to external noise and also to minimize the generation of interferenc

t, by the transfer impedance value of the cable.

easuredat‘20 °C shall not exceed 50 mQ/m.

10.5.2 Co

xial Cable Physical Parameters

7 ns of

\pability
e by the
related signals. While the-cable construction is not mandated, it is necessary to i:ldicate a

ined, to

fer impedance of the cable shall not exceed the values shown in Fig 10-6 as a function of fre-

Cable DC Loop Resistance. The sum of the center conductor resistance plus the shield

10.5.2.1 Mechanical Requirements. The cable used should be suitable for routing in various envi-

ronments, including but not limited to, dropped ceilings, raised floors, and cable troughs as well as
throughout open floor space. The jacket shall provide insulation between the cable sheath and any building
structural metal. Also, the cable shall be capable of accepting coaxial cable connectors, described in 10.6.
The cable shall conform to the following requirements.

10.5.2.1.1 General Construction
(1) The coaxial cable shall consist of a center conductor, dielectric, shield system, and overall insulating

jacket.
(2) The coaxial cable shall be sufficiently flexible to support a bend radius of 5 cm.
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all digmeter of 0.89 mm + 0.05 mm.
10.5.1.

cient o meet the transferimpedance of 10.5.1.5 and the EMC specifications of 10.8.2.
The¢ inside diameter of'the shielding system shall be 2.95 mm * 0.15 mm.

Thd

mended to meet'the contact resistance and shielding requirements.

(1)
)

1000
A
Ve

100 -

.d—r
10
ac
w
$
£
3
-3

10k ; 100K ™ 10M 100M
FREQUENCY ‘nz
Fig 10-6

" Maximum Coaxial Cable Transfer Impedance

10.5.2.1.2 Center Conductor. The center conductor shall be stranded, tinned coppe

10.5.2.1.3 Dielectric Material. The dielectric may be of any type, provided that th
2 and 10.5.1.3 are met; however, a solid dielectric is preferred.

10.5.2.1.4 Shielding System. The shielding system may contain both braid and foil

r with an over-
e conditions of

elements suffi-

shielding system shall be greater than 95% coverage. The use of tinned copper hraid is recom-

10.5:2.1.5 Overall Jacket

met.
Either of two jacket dimensions may be used for the two broad classes of materials provided the
specification of 10.5.2.1.1 are met:
(a) Polyvinyl chloride (for example, PVC) or equivalent having an OD of 4.9 mm + 0.3 mm.

(b) Fluoropolymer (for example, FEP, ECTFE) or equivalent having an OD of 4.8 mm * 0.3 mm.

and 10.5.2 are

The cable shall meet applicable flammability and smoke criteria to meet the local and national codes for
the installed environment (see 10.8.3).
Different types of cable sections (for example, polyvinyl chloride and fluoropolymer dielectric) may be
interconnected, while meeting the sectioning requirements of 10.7.2.1.
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10.5.2.2 Jacket Marking. It is recommended that the cable jacket be marked with manufacturer and
type at a nominal frequency of at least once per meter along the cable.

10.5.3 Total Segment DC Loop Resistance. The sum of the center conductor, connectors, and shield
resistance shall not exceed 10 Q total per segment. Each in-line connector pair or MAU shall contribute no
more than 10 mQ. , o o

As a'trunk coaxial cable segment consists of several cable sections, all connectors and internal resistance.
of the shield and center conducter shall be included in the loop resistance measurement.

10.6 Coaxial Trunk Cable Connectors. The trunk coaxial medium requires termination and is parti-
tioned into sections. Devices to be attached to the medium require a means of connection to the medium.

'This meangis provided by a BNC“T* adapter, as showrrinm Fig-10-7-

SINGLE MOULDING
SNAP CLOSE BODY

/

e

—— v o =

A KR |
(T

2»

\

FLYING COVER TO INSULATE
MALE “T" CONNECTOR WHEN
WITHDRAWN FROM DTE

INSULATING COVER

(Tutorial only and not part of the standard.)

Fig 10-7
Examples of Insulated Connector Cover

The BNC connectors shall be of the 50 Q constant impedance type. High-quality versions of these connec-
tors (per IEC 169-8 [4]) are recommended in order to meet dcloop resistance and reliability considerations.
All of the coaxial connectors shall follow the requirements as defined in 10.6.3.
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10.6.1 In-Line Coaxial Extension Connector. All coaxial cables shall be terminated with BNC plug
connectors. A means shall be provided to ensure that the connector shell (which connects to the cable
sheath) does not make contact with any building metal (at ground potentlal) or other umntended conduc-
tor.

An ingulating sleeve or boot slipped over the connector at installation time is sultable

In-line coaxial extensions shall be made with BNC receptacle-to-receptacle connectors joined together to
form one “barrel.” An insulating sleeve or boot shall also be provided with each barrel assembly.

10.6.2 Coaxial Cable Terminator

10.6.2.1 Coaxial cable terminators are used to provide a termination impedance for the cable equal in
value to its characteristic impedance, thereby minimizing reflection from the ends of the cables. Termina-
tors shall be packaged within a male or female connector. The termination impedance shall be 50 Q + 1%
measufred from 0-20 MHz, with the magnitude of the phase angle of the impedance not to ¢xceed 5°. The
terminjator power rating shall be 0.5 W or greater. A means of insulation shall be provided with each termi-

nator.

10.6|3 MAU-to-Coaxial Cable Connection. A BNC “T” (plug, receptacle, (plug) adapfor provides a
meang of attaching a MAU to the coaxial cable. The connection shall not disturb the transmission line
charadteristics of the cable significantly; it shall present a low shunt capacitance, and therefore a negligi-
bly short stub length. This is facilitated by the MAU being located as close to its cable conneftion as possi-
ble; tHe MAU and connector are normally considered to be one assembly. Long (greater than 4 cm)
connedtions between the coaxial cable and the input of the MAU jeopardize this objective.

Ovefall system performance is dependent largely on the MAU:to-coaxial cable connection being of low
shunt fapacitance. ‘

The design of the connection shall meet the electrical requirements contained in 10.4.1.1 and the reliabil-
ity spEImﬁed in 10.4.2.3. The use of BNC “T” adaptors_and connectors satlsﬁes these requirements.

Figure 10-7 shows a MAU-to-coaxial cable attachment,

A means shall be provided to ensure that the connector assembly (that is, BNC “T” plus mdle connectors)
does npt make contact with any building metalwork (at ground potential) or any other unintended conduc-
tors. An insulating cover should therefore be.applied after connection. A possible design s depicted in
Fig 10¢7. The insulating cover should have these characteristics: '

(1) |It should guard against accidental grounding of the connector assembly.
(2) [It should allow ease of attachnient and detachment of an assembled “T” connector to the MAU with-
out necessitating the removal of section cable connectors (that is, segment integrity is|maintained).
(8) |It should be a simple moulding that attaches firmly to a connector assembly.

10.7 System Considerations

10.7{1 Transmission’ System Model. Certain physical limits have been placed on the physical trans-
missioh system. These revolve mostly around maximum cable lengths (or maximum propagation times), as
these ¢an affect eritical time values for the CSMA/CD access method. These maxima, in terms of propaga-
tion tilmes, were derived from the physical configuration model described here. The maximpm configura-
tion is |as follows: '

(1) A trunk coaxial cable, terminated in its characteristic impedance at each end, constitutes a coaxial
segment. A coaxial segment may contain a maximum of 185 m (600 ft) of coaxial cable and a maxi-
mum of 30 MAUs. The propagation velocity of the coaxial cable is assumed to be 0.65 ¢ minimum (c
= 3 x 108 m/s). The maximum end-to-end propagation delay for a coaxial segment is 950 ns.

(2) Repeater sets are required for segment interconnection. Repeater sets occupy MAU positions on
coaxial segments and count toward the maximum number of MAUs on a coaxial segment. Repeater
sets may be located anywhere on a coaxial segment.

(8) The maximum transmission path permitted between any two MAUs is limited by the number of
repeater sets that can be connected in series (that is, four). The maximum number of segments con-
nected in series is therefore five (Fig 10-8), which shall consist of no more than three tapped coaxial
segments; the remainder shall be link segments as defined in 8.6.1. ,
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SEG5

- -
[ | Lo | -_-

REPEATER REPEATER REPEATER REPEATER
: SET 1 SET 2 SET 3 SET 4
STATION 1 STATION 2
Fig 10-8

Maximum Transmission Path

NOTIE: Care should be taken to ensure that the safety requirements are met when extending the trunk cable llry the use of
repeaters (see 10.7.2.5).

(4) Thel transmission system may also contain segments comprising trunk coaxial cable specified in

Section 8; however, these shall be attached by repeater sets. As such a combination of segments is
capable of achieving longer lengths than (3) above, the maximum configuration then becomes lim-
iteg{t)y propagation delay. Type 10BASE2 segments should not be used to bridge two Type(10BASE5

seginents. ;

Figures [10-9, 10-10, and 10-11 show transmission systems of various types and sizes to illuptrate the
boundary donditions on topologies generated according to the specifications in this section.

: COAXIAL CABLE SEGMENT
=~ (185 METERS MAXIMUM)

COAXIAL CABLE

l

- -
STAfic MAU ‘& CONNECTION
TO COAXIAL CABLE
—> (30 MAX
PER SEGMENT)

Fig 10-9
The Minimum System Configuration

10.7.2 Transmission System Requirements

10.7.2.1 Cable Sectioning. The 185 m (600 ft) maximum length coaxial cable segment will be made
from a number of cable sections: As the variation on cable characteristic impedance is +2 Q on 50 Q, a pos-
sible worst-case reflection of 4% may result from the mismatch between two adjacent cable sections. The
MAU will add to this reflection by the introduction of its noninfinite bridging impedance.

. The accumulation of this reflection can be minimized by observing a minimum distance between MAUSs
(and between cable sections). In order to maintain reflections at an acceptable level, the minimum length
cable section shall be 0.5 m.
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COAX SEGMENT 1

1
REPEATER SET %
_—
L

L
COAX SEGMENT 2

- Fig 10-10
The Minimum System Configuration Requiring a Repeater Set

"
COAX SEGMENT 4
- 1 7 g DNCSEGMENTI  LINK SEGMENT 4 LA, ™
— t—d - L
COAX SEGMERT 6
COAX o)
s&lﬁ(:l’ﬂ UNK - SEGMENT 2 UNK coax e |
SEGMENT 1 H s} ] . SEGMENT2 jeemencesnscon 3

" JHEL-' i
70 sl :
POINT B H
LINK 2570 N T U s .- '
STATION NS MAX E/k:_ ‘
N
. '
' : COAX ¢+ SEGMENT 6
I
(%) TYPE 10BASES 1= |j Ij [l_-_| —
(+) TYPE 10BASE2 | D
Fig 10-11

An Example of a Large Hybrid SyStem
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10.7.2.2 MAU Placement. MAU components and their associated connections to the cable cause sig-
nal reflections due to their noninfinite bridging impedance. While this impedance must be implemented as
specified in 10.6, the placement of MAUs along the coaxial cable must also be controlled to ensure that
reflections from the MAU do not accumulate to a significant degree.
Coaxial cable sections as specified in 10.7.2.1 shall be used to connect MAUSs. This guarantees a mini-
mum spacing between MAUs of 0.5 m.
The total number of MAUSs on a cable segment shall not exceed 30.

10.7.2.3 Trunk Cable System Earthing. The shleld conductor of each coaxial cable segment may
make electrical contact with an effective earth reference!® at one point and shall not make electrical con-
tact with earth elsewhere on such objects as building structural metal, ducting, plumbing fixture, or other
unintended conductor. Insulators should be used to cover any coaxial connectors used to join cable sections
and terminators, to ensure that this requirement is met. A sleeve or boot attached at installation time is
acceptable| (See 10.6.3.)

4 Static Discharge Path. A static discharge path shall be provided. The shield of the trunk
le is required to be connected to each DTE earth (within the DTE) via a 1 MQ, 0.25 W resistor

10.7.2
coaxial cal

“that has a

10.7.2]

building a

voltage rating of at least 750 V dc.

5 Installation Environment. This specification is intended for networks in use witha
d within an area served by a single low-voltage power distribution system. Applicati

n a single

ops requir-
‘Fepeaters
ts

NOTE: The re¢ader is advised that devices should not be operated at significantly different frame potentials. The 10BASE
system may rot be capable of handling excessive earth currents.

ing interpiant connections via external (outdoors) means may require special considerations.
and nonconducting IRL components may provide the means to satisfy these isolation requireme

P connection

10.8 Environmental Specifications

Ly regula-

10.8.1 SIfety Requirements. The designer should consult relevant local and national safe
reference

tions to agsure compliance with the appropriate standards (for example, see Appendix A for
material).

| Installations. If the trunk coaxial cable is to be installed in close proximity to electrical power
n installation practice according to local and national code shall be followed (see Annex for
aterial).

10.8.1.
cables, tl:j
resource

10.8.1.2 Earthing. Where earthing is mandated by locally or nationally prescribed codes of practice,
the shield pf the trunk coaxial-cable shall be effectively earthed at only one point along the length of the
cable. Effectively earthed means permanently connected to earth through an earth connection of suffi-
ciently low impedance and-having sufficient ampacity to prevent the bulldlng up of voltages that may
result in undue hazardto connected equipment or to persons.

10.8.2 Electromagnetic Environment

10.8.2.]1 “Susceptibility Levels. Sources of interference from the environment include electromag-
netic fields, electrostatic discharge, transient voltages between earth connections, etc.

Several sources of interference will contribute to voltage buildup between the coaxial cable and the earth
connection of a DTE. ;

The physical channel hardware shall meet its specifications when operating in either of the following

conditions:

(1) 'Ambient plane wave field of 1 V/m from 10 kHz through 1 GHz.

NOTE: Levels typically >1 km from broadcast stations.

133ee local or national regulations for guidance on these matters and reference [A12).
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(2) Interference source voltage of 15.10 V peak 10 MHz sine wave with a 50 Q source resistance applled
between the coaxial cable shield and the DTE ground connection.

MAUSs meeting this standard should provide adequate RF ground return (coaxial cable shleld to DTE
ground) to satisfy the referenced EMC specifications.

10.8.2.2 Emission Levels. The physical MAU and trunk cable system shall comply with local and
national regulations (see Annex for resource material). '

10.8.3 Regulatory Requirements. The MAU and medium should consider IEC 435 in addition to localy
and national regulations. See references [6] and [A12].
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11. Broadband Medium Attachment Unit and Broadband
Medium Specifications, Type 10BROAD36

11.1 Scope

11.1.1 Overview. This section defines the functional, electrical, and mechanical characteristics of the
Broadband Medium Attachment Unit (MAU) and the specific single- and dual-cable broadband media for
use with local area networks. The headend frequency translator for single-cable broadband systems is also
defined. The relationship of this specification to all of the IEEE Local Area Network standards IEEE 802)

is shown inFig1i=1Repeatersasdefined-inrSectiomr 3-are ot retevant-for 10BROAD36—
oSl :
: L.AN
REFERENCE CSMA/CD
LAYERS LAYERS
APPLICATION ' HIGHER LAYERS
PRESENTATION LLG :
; / | LOGICAL LINK CONTROL
- /
MAG :
SESSION /' MEDIA ACGESS CONTRGL|  5—DTE 5 pre
/ | PLS (O'i\ﬁﬁ?)a"
no
TRANSPORT /o, /| PHYSICAL SIGNALING .
, 7, . | | -
" NETWORK 17 : :
- / : <—————AUl
/ : :
DATA LINK / :
MAU
PHYSICAL |
EE\ M MDI
AUl = ATTACHMENT UNIT INTERFACE
MAU® = MEDIUM ATTACHMENT UNIT
MBI = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT
Fig111
Physical Layer Partitioning, Relationship to the ISO Open Systems Interconnect on
(OSD Reference Model
The purpose of the MAU is to provide a means of attaching devices to a broadband local network
medium. Themedium comprises CATV type cable taps connectors, and amphﬁers A coaxial broadband

system permits i i ' 5 example, a band
in the spectrum can be utilized by local area networks whlle other bands are used by pomt-to-pomt or mul-
tidrop links, television, or audio signals.

The physical tapis a passive directional device such that the MAU transmission is directed toward the
headend location (reverse direction). On a single-¢able system the transmission from the MAU is at a car-
rier frequency fl. A frequency translator (or remodulator) located at the headend up-converts to a carrier
frequency 2, which is sent in the forward direction to the taps (receiver inputs). On a dual-cable system
the transmit and receive carrier frequencies are identical (both f1) and the MAU connects to the medium
via two taps, one on the receive cable and the other on the transmit cable. The transmit and receive cables
are connected to each other at the headend location. Figure 11-2 shows broadband single- and dual-cable
systems.
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Fig 112
Broadband Cable Systems
The broadband MAU operates by accepting data from the attached Data Termination Equipment (DTE)
and trapsmitting a modulated radio frequency (RF) data signal in a data band on the broadband coaxial
cable system: All MAUs attached to the cable system receive and demodulate this RF signal and recover
the DT& data The broadband MAU emulates a baseband MAU except for delay between transmission and
recepti tem

A transmitting MAU logically compares the beginning of the received data with the data transmltted
Any difference between them, which may be due to errors caused by colliding transmissions, or reception of
an earlier transmission from another MAU, or a bit error on the channel, is interpreted as a collision.

When a collision is recognized, the MAU stops transmission in the data band and begins transmission of
an RF collision enforcement (CE) signal in a separate CE band adjacent to the data band. The CE signal is
detected by all MAUs and informs them that a collision has occurred. All MAUs signal to their attached
Medium Access Controllers-(MACs) the presence of the collision. The transmitting MACs then begin the
collision handling process.

Collision enforcement is necessary because RF data signals from different MAUs on the broadband cable
system may be received at different power levels. During a collision between RF data signals at different
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levels, the MAU with the higher received power level may see no errors in the detected data stream. How-
ever, the MAU with the lower RF signal will see a difference between transmitted and received data; this
MAU transmits the CE signal to force recognition of the collision by all transmitting MAUs,

11.1.2 Definitions
Attachment Unit Interface (AUI). In a local area network, the interface between the medium attach-
ment unit and the DTE within a data station. N ote that the AUI carries encoded 51gna1s and provides for

duplex data transmission.

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. ,

Broadband LAN. A Local Area Network in which information is transmitted on modulated carriers, -
allowing cgexistence of multiple simultaneous services on a single physical medium by frequenc d1v1S1on
multiplexing.

CATV- Broadband Medium. A broadband system comprising coaxial cables, taps, splitters, amplifi-
ers, and copnectors the same as those used in Community Antenna Television (CATV) or cable television
installations. ‘ :

Channel. A band of frequencies dedicated to a certain service transmitted on the broadband medium.

Coaxial Chble. A two conductor, concentric (center conductor and ghield), constant impedance fransmis-
sion line.

Continuous Wave (CW). A carrier that is not modulated of\switched.

dBmV, Detibels referenced to 1.0 mV on 75 Q, used to define signal levels in CATV-type broadband
systems, -

Drop Cablle. The small diameter flexible coaxial cable of the broadband medium that connects to a
Medium Adcess Unit (MAU). See Trunk Cable. '

Group Delay. The rate of change of total phase shift, with respect to frequency, through a component or
system. Grpup delay variation is the maximum difference in group delay over a band of frequencies.

Headehd The location in a-broadband system that serves as the root for the branching tree comprising
the physicgl medium; thepoint to which all inbound signals converge and the point from whlch all out-
bound signhls emanate.

Jabber. A ondltlon wherein- a station transmits for a perlod of time longer than the maximum pgrmissible
packet length, usually due to a fault condition.

Postamble ‘ i i i i i i i n appended
after the last b1t of the Frame Check Sequence the Broadband End-of Frame Dellmlter (BEOFD)

Return Loss. 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.

Seed. The twenty-three (23) bits residing in the scrambler shift register prior to the transmission of a.
packet.

Spectrum Mask. A graphic.representation of the required power distribution as a functlon of frequency
for a modulated transmission. :
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Translation. In a single-cable system, the process by which incoming transmissions at one frequency are
converted to another frequency for outgoing transmission. The translation takes place at the headend.

Truncation Loss. In a modulated data waveform, the power difference before and after 1mp1ement1ng the
filtering necessary to constrain its spectrum to a specified frequency band.

Trunk Cable. The main (large-diameter) cable ofa broadband coaxial cable system. See Drop Cable.

11.1.3 MAU and Medium Objectivee. This subsection states the broad objectives and assumptions
underlying the specifications defined throughout this section of the standard.

Provide the physical means for communication among local network Data Link Entities using a
broadband coaxial medium. ‘

)

(2) Brovide a broadband Medium Attachment Unit (MAU) that is compatible at the Attachment Unit
Ihterface (AUT) with DTEs used on a-baseband medium.

(3) Brovide a broadband MAU that emulates the baseband MAU except for the signal delay from Cir-
cuit DO to Circuit DI.

(4) Hrovide a broadband MAU that detects collisions w1th1n the timing constraints spegified in the
baseband case,

(5) Hrovide a broadband network dlameter no less than 2800 m.

(6) Brovide a broadband Physical Layer that ensures that no MAU is,allowed to capture [the medium

during a collision due to signal level advantage (that is, ensures fairness of the physical layer).

(7) Hrovide a broadband MAU that detects collisions in both receive’and transmit modes.

(8) Brovide a broadband MAU that requires a transmission bandwidth no wider than 18 MHz.

(9) Define a physical interface that can be implemented indépendently among different manufacturers
of hardware and achieve the intended level of compatibility when interconnected ih a common

oadband local area network.

jrovide a communication channel capable of high bandwidth and low bit error rate
e resultant mean bit error rate at the physical layer service interface should be less t
108 (on the order of one part in 10? at the link level) in a worst-case signal-to-noise r

(10)

i

erformance,
an one part
tio of 26 dB.

ovide a broadband medium physical layer that allows for implementation in both dyial- and sin-
e-cable systems.
rovide for ease of installation and-service.

ovide a communication channelthat coexists with other channels on the same phys1c

(11)

(12)
(13) al medium.

It is nlot an objective of this broadband MAU to allow its use with the baseband repeater defined in Sec-

tion 9 of| this standard.

11.1.4 [Compatibility Considerations. All implementations of the broadband coaxial sysfem shall be
compatiple at the Mediumh Dependent Interface (MDI). This standard provides medium specjfications for
the intefconnection of all MAU devices. The medium itself, the functional capability of the MAU and the
AU Interface are-défined to prov1de the highest possible level of compatibility among devices|designed by
dlfferen manufacturers Des1gners are free to 1mplement clrcultry within the MAU in an|application-
m. this speci-
ilm is main-
aimed within a

tained. S POSS : : : eorated-sts -
physical DTE system component thereby ehmmatmg the AUI cable

11.1.5 Relationship‘to PLS and AUL The broadband MAU and cable system specifications are clesely
related to Sec¢tion 7 (Physical Signaling and Attachment Unit Interface Specifications). The design of a
physical MAU component requires the use of both this section and the PLS and AUI spe(:lﬁcatlons in Sec-

“tion 7.

11.1.6 Mode of Operation. In its normal mode of operation, the MAU functions as a direct connection

between the DTE and the broadband medium. Data from the DTE are transmitted onto the broadband
coaxial system and all inband data on the coaxial cable system is received by the DTE. This mode is the
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mode of operation for the intended mesSage traffic between stations. Other operating modes, such as a
loopback mode or a monitor mode, may be provided but are not defined by this standard.

11.2 MAU Functional Specifications

11.2.1 MAU Functional Requirements, The MAU component provides the means by which signals on
the physically separate AUI signal circuits to and from the DTE and their associated interlayer messages
are coupled to the broadband coaxial medium. To achieve this basic objective, the MAU component con-
tains the following capabilities to handle message flow between the DTE and the broadband medium:

(1) Transmit Function. The ability to transmit serial data bit streams originating at the local DTE in a
band-limited modulated RF carrier form, to one or more remote DTEs on the same network.
Receive Function. The ability to receive a modulated RF data signal in the band of mterest from the

@)
(3)
4)

1.2.1.]
bilities:

(1)
2
3
(4)

(5)
(6)

(M

Figure 1
provided that the result is;the/same.

brohdband coaxial medium and demodulate it into a serial bit stream.

Colli
tra

Jab)
ab

Receive Manchester encoded data sent by the local DTE to the attached MAU on Circuit ]

mit
Ded

Scr.
pac
Tra
pati

ta
Di
Pro
sen
Driy

datt and a recovered clock signal.

in:jeming preamble, Start Frame Delimiter(SFD), and data frame; and append an unscraf

ision Presence Function. The ability to detect the presence of two or more stations’
smissions.

er Function. The ability of the MAU itself to interrupt the transmit function and
rmally long output data stream.

data pair).
ode the Manchester encoded data received on Circuit: DO to produce NRZ (Non-Retur

mble the NRZ data using a CCITT V.29-type scrambler with seed changed on each tr,

et
hsform the incoming bits (prior to modulation) to provide an unscrambled alternatin;

ble (Broadband End of Frame Delimiter [BEOFD)).
rentially encode the packet generated above.

ling the above generated differentially encoded packet.
7e the coaxial cable with/the modulated RF signal.

1-3 functionally represents these capabilities. The order of the functional blocks may

oncurrent

inhibit an

| Transmit Function Requirements. The transmit function shall include the following capa-

DO (trans-
n to Zero)
ansmitted

' zero-one

lern terminated by an Unscrambled Modé Delimiter (UMD); scramble the remainger of the

nbled pos-

duce a bandlimited, double sideéband suppressed carrier, binary PSK modulated RF signal repre-

be altered

AGY o—P> MANCHESTER FRAME DIFFERENTIAL
DECODER BEFORMATTER [ ENCODER -
A
b woouwron [l G5 | SR
SYSTEM
Fig 11-3

’I‘ransmlt Function Requirements
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11.2.1.2 Receive Function Requirements. The receive function shall include the following:

(1) Receive the differentially encoded b1nary PSK modulated RF 51gna1 from the broadband coaxial
medium,.

(2) Receive the data band RF s1gnals and reject signals in bands other than the data band (rejection of

: signals in the adjacent collision enforcement band is optional).

(3) Demodulate and differentially decode the incoming RF data signal from the coaxial medium to pro-
vide a receive bit stream that represents the scrambled bit stream at the transmitter.

(4) Descramble the receive bit stream using a self-synchronizing descrambler.

(5) Manchester encode the descrambled bit stream.

(6) Send to the DTE, using Circuit DI (receive data palr) an add1t1onal locally-generated, Manchester

encoded preamble equal to the number of preamble bits lost in the receive data path (plus or minus:
< ST e : prea s may be lost

om the preamble presented to ClI‘Clllt DO at the transmlttlng MAU
Detect end of frame, using the postamble (BEOFD), and ensure that no extraneous bits are sent to
he DTE on Circuit DI ;
eceive signals in the collision enforcement band and reject signals in the)data band|and all other
bands on the broadband medium.

)
(8)

.1.3 Collision Detection Function Requirements. The MAU shall perform the f¢ llowing func-
meet the collision detection requirements:

n

Store the scrambled bits (not dlfferentlally encoded) in the transmlt section through to the last bit
n the source address.
Detect the UMD in the transm1t and receive paths,
ompare received scrambled bits after the received UMD with transmitted scrambled bits after the
‘fransmit UMD through to the last bit in the sotirce address.
Receive UMD Timer function shall be performed by the MAU. The timer shall be 3s long as the
ime required from initial detection of RE data signal presence to detectlon of a'UMD [in a normally
eceived (no collision) packet.
Enter a LOCAL COLLISION DETection state if one of the following occurs:
[a) Abit error is found in the bit compare process through the last bit in the source address.
b) The Receive UMD Timer expires before a UMD is detected in the received bit strgam.
¢) The MAU receives theloutput (that is, transmit) signal from the AUT AFTER hayving received
an RF signal from the coaxial cable. -
pon entering the LOCAL COLLISION DET state, cease transm1ss1on in the data band and com-
ence transmission in the colhsmn enforcement band for as long as the DTE continues to send data
o the MAU.
pon entering.the LOCAL COLLISION DET state send the signal_quality_error (SQH) message on
ircuit CI{eollision presence pair) using the CS0 signal for as long as RF signals are detected on the
broadband coaxial medium in either the data or collision enforcement bands.
Detect power in the collision enforcement band and send the SQE message on Circuiff CI using the
‘ SO gignal. Send the SQE message for as long as energy is detected in the collision enforcement

(1)

2)
(3)
(1)

(5)

(6)

(7

8

,l

(9)  Ensure that during collisions, due to phase cancellatlons of the colliding carriers, Circuit DI does
not become inactive before Circuit CI becomes active.

(10) Test the collision detection circuitry following every transmission that does not encounter a colli-
sion. This test consists of transmitting a burst of collision enforcement RF signal after the end of the
postamble transmission and detecting this burst on the receive side. If the burst is detected, the

CS0 (BR) signal is sent on Circuit CI of the transmitting MAU.

11.2.1.3.1 Collision Enforcement Transmitter Requirements. The MAU shall provide a collision
enforcement (CE) transmitter that generates a constant amplitude RF signal in the CE band at the same
power level as the data signal postamble.
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11.2.1.3.2 Collision Enforcement Detection Requirements. The MAU shall detect energy in-the
CE band that is within the specified range of receive levels, irrespective of the signal power level in the
data band. ,

11.2.1.4 Jabber Function Requirements. The MAU shall have a jabber function that inhibits trans-
mission onto the coaxial cable interface if the MAU attempts to transmit an RF signal longer than 150 ms.
The MAU shall provide an MTBF of at least 1 million hours of continuous operation without rendering the
transmission medium unusable by other transceivers. Transmissions of less then 20 ms shall not be
affected. When the jabber circuit is activated, signal_quality_error shall be sent on Circuit CI.
. Circuit DO shall also be monitored for transmissions in-excess of the maximum packet length. If the
packet is longer than 20 ms, an attempt shall be made to deactivate the transmitter before the jabber cir-
cuit is activated, to avoid locking up the unit due to a non-MAU failure.

State dia ing the j unction may'be found in 11.2

11.2.2 DTE PLS to MAU and MAU to DTE PLS Messages
11.2.2.1 DTE Physical Layer to MAU Physical Layer Messages. The following-messagps can be

sent by the| DTE Physical Layer Entities to the MAU Physical Layer Entities (refer(to7.3 of this|standard
for the definitions of the signals): , , :

Message ’ Circuit Signal Meaning
output . DO ‘ CD1, CDO Output information
output_idje ‘ DO IDL 0" No data to be output

11.2.2.2 MAU Physical Layer to DTE Physical Layer Messages. The following messagps can be
sent by the|]MAU Physical Layer Entities to the DTE Physical Layer Entities:

Message Circuit Signal Meaning

k input DI CD1, CDO - Input information
input_idld DI IDL ~ No input information
mau_available S CL N DL ‘ " MAUis available‘ for but; ut

signal_quplity error Ci CS0 (BR) Error detected by MAU

11.2.2.2.1 input Message. The MAU Physical Layer sends an input message to the DTE| Physical
Layer when the MAU has'a bit of data to send to the DTE. The physical realization of the input mjessage is
a CDO or CPD1 sent by¢he MAU to the DTE on Circuit DI. The MAU sends CDO if the input bit is|a zero or
CD1 if the jnput bit is a one. The jitter and asymmetry on CDO0 and CD1 shall be no more than that speci-
fied in 7.5.3.1. :

1.2.2.2.2inpui_idle Message. The MAU Physical Layer sends an anut_zdte message to the DTE
Physical Layer when the MAU does not have data to send to the DTE. The physical realization of the
input_idle message is the IDL signal sent by the MAU to the DTE on Circuit DI.

11.2.2.2.3 mau_available Message. The MAU Physical Layer sends a mau_available message to
the DTE Physical Layer when the MAU is available for output. The mau_available message is always sent
by an MAU that is prepared to-output data. The physical realization of the mau_available message is an
IDL signal sent by the MAU to the DTE on Circuit CI.

1.2.2.2.4 signal_quality_error Message. The signal_quality_error message shall be implemented
in the following fashion: ; - : '
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(1) The signal_quality_error (SQE) message shall not be sent by the MAU if no or only one MAU is
transmitting a legal length packet (as specified in this standard) on the coaxial medium, except as a
part of the SQE self test.

(2) If the MAU connected to the local node is not transmitting, then the local MAU shall send the sig-
nal_quality_error message in every instance when it detects power in the collision enforcement
band earlier than the time equivalent for reception of a 512 bit data frame plus preamble and SFD.

(8) When the local MAU is transmitting on the coaxial medium, all occurrences of one or more addi-
tional MAUSs transmitting shall cause the signal_quality_error message to be sent by the local MAU
to the attached DTE.

(4) When the MAU has completed a successful transmission of a packet it shall perform an SQE Test
sequence. In this instance, the collision enforcement RF signal is interpreted as an SQE Test signal.

11.2.3 MAU State Diagrams. The operation of the MAU during normal transmission and reception can
be descfibed by a state diagram that relates the functions of transmission, reception, collisipn detection,
and collision detection testing. Figure 11-4, at the end of this subsection, shows the state transitions for
normal pperation. Abnormal conditions are implementation-specific.

The state diagram in Fig 11-4 does not describe the operation of the MAU in detaily This is found in 11.2
and 11.3.

The operation of the jabber function is described by the state diagram of Fig 11:5: When the MAU Jabber
state machine is in the INTERRUPT or JAB state, outputs of the MAU Jabber state machine shall over-
ride those of the MAU state machine.

3.1 MAU State Diagram Messages. The following messages are used in the state diagram:

isable_data_driver. Deactivates the mechanism by which'the RF data signal is impressed onto the

cpaxial cable.
(2) enable_data,_driver. Activates the mechanism by which the RF data 81gna1 is impresged onto the -

cpaxial cable.
isable_CE_driver. Deactlvates the mechanism by which collision enforcement RF|signals are
impressed onto the coaxial cable. -
(4) ehable_ CE_driver. Activates the mechanism by which collision enforcement RF [signals are

impressed onto the coaxial cable.

(5) mau_available. Signifies that the MAU is available for transmission (that is, ther¢ is no SQE
tive). . ‘
(6) signal_quality_error (SQE). Signifies that the MAU has detected a collision, it has succ¢ssfully com-

pleted the SQE Test sequence, or the jabber circuit is active.
start_SQE_test_timer. Causes a timer to begin counting so that the SQE Test signal may be sent to
the coaxial cable interface.

sitive_disable. Prevents any RF signal from being sent onto the coaxial cable.

3.2 MAU State Dlagram Signal Names, The signal names used in the state d1agram are as

owerOn: This signal signifies that power has been applied to the unit.

_energy. When this signal is active, an RF signal on the coaxial cable has been detecped either in

the ddta band or in the collision enforcement band or in both. The delay in asserting o1 deasserting

this signal is sufficienfly short that the delays specified in 11.3.4.5 are met.

(3) output. Signifies that data from the DTE is being presented for transmission at the AUI.

(4) tx_umd (Transmit Unscrambled Mode Delimiter). When the Unscrambled Mode Delimiter has been
detected in the transmit data sequence, this signal is asserted:

(5) rx_umd (Receive Unscrambled Mode Delimiter). When the Unscrambled Mode Delimiter has been
detected in the receivé data sequence as it is conveyed from the coaxial cable interface, this signal is
asserted.

(6) SQE_test_timer. This signal is on during the t1me that the SQE Test Tlmer is engaged. At the end of
the time, this signal is deasserted.

(7) rx (Receive). As long as data is being presented by the MAU to Circuit-DI of the AUI, this signal is
active. When the last bit of the receive data has been presented to the AUI, this signal is deasserted.
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(8) ced (Collision Enforcement Detection). RF signal power in the collision enforcement band causes

this

signal to be asserted.

(9) ced_window (Collision Enforcement Detection Window). This signal defines a period of time (a f‘wm-
dow”) during which collisions may occur. Its purpose is to distinguish collision enforcements from
SQE Test sequences on the coaxial cable. The window opens when rx_energy goes active and closes
a minimum of 365 bit times later. The maximum time the w1ndow may be open is the minimum
frame length, plus preamble and SFD: 576 bits. -

(10) rx_umd_timeout (Receive Unscrambled Mode Delimiter Timeout). Tt is possible that the Receive
Unscrambled Mode Delimiter may be corrupted by a collision such that the bit-by-bit comparison
may not begin. This signal forces detection of a collision due to failure to detect the rx_umd within a
maximum time. The timeout begins upon receipt of RF signal in the data band and explres 32 bit
times later.

(11) tx_# rx (Transmit Not Equal to Receive). Assertion of this signal occurs when a difference is

detected between the received data stream and the transmitted data stream.
(12) bbbw (Bit-by-Bit Window). Bit-by-bit comparison shall be performed only for a time long

gu

the [UMD is received and throughout the bit-by-bit comparison process. To place &’bound o

tion
tion
143

(13) ced/gate. This signal is a gating function that serves to shape the timing/of ced during an
It becomes true a minimum of 6 and a maximum of 16 bit times afterthe last bit has been

to @

(14) tx_e¢nergy. This signal signifies that the MAU is attempting to'transmit an RF signal ontq

ial ¢

antee that the last bit of the source address has been examined. This signal/is-asse
of the source address relative to the UMD, the maximum preamble length)permitted
with the broadband MAU is 62 bits. This places the last bit of the soufce-address no
bits after the UMD.

ircuit DI and stays active 10 £ 5 bit times.

able.

enough to
rted after
h the loca-
for opera-
later than

SQE Test.
presented

the coax-

(15) frame_timer. This s1gnal is on from the beginning of output until it is reset or until 1t hgs been on

conf

timeout2.

(16) jab|
on (
150
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less than

t has been
less than
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MAU State Diagram
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MAU State Diagram (continued)
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MAU Jabber State Diagram

11.8 MAU Characteristics

11.3.1 MAﬁ-to-Coaxial Cable Interface. The following subsections describe the interface between the
MAU ahd the broadband coaxial medium. The niedium is a 75 Q CATV-type broadband cable installation
employing a single bidirectional cable with band-split amplifiers and filters, or dual unidiredtional cables

with linle amplifiers.

11.3.1.1 Receive Interface

11.3.1.1.1 Receive Input Impedance. The nominal input impedance at the receive port shall be
e return loss within the data and collision enforcement frequency bands shall be at least 14 dB.

er applied to the- MAU.

75 Q.
with p

3.1.1.2 Recéiver Squelch Requirements. There shall be a receiver squelch that inhibits recep-
tion of [RF signal§’that are too low in level. This squelch shall permit reception of RF datp or collision
_enforcement signals that are greater than or equal to —7 dBmV rms as measured by the method of
11.3.1.2.5. RF"signals (data, collision enforcement, noise, or other signals) of levels lower than —15 dBmV
rms shalkbeignored. : :
The i i 11 be derived from a power detector with noise bandwidth greater-

than or equal to 1.5 MHz centered at the CE center frequency.

1n3.1.13 Receive Level Requirements. The receiver shall operate with RF data and CE signals
having levels from —4 dBmV to +16 dBmV rms. The nominal receive level shall be +6 dBmV rms.

11.3.1.14 Receiver Selectivity and Linearity Requirements. The MAU shall operate in the
presence of single frequency (CW) signals adjacent to the receive band of the MAU and offset from the band
edges, received at the following levels: ‘

(1) 0dBmV rms at 0.25 MHz below and above the band
(2) 10 dBmV rms at 1.25 MHz below and above the band
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The receiver shall be capable of operating in a cable environment loaded with TV signals (for example,
every 6 MHz in the USA). The TV signals shall be no higher than +10 dBmV peak video at the receiver
coaxial cable interface.

11.3.1.1.5 Receive Input Mechanical Requirements. The receiver mechanical interface shall be a
75 Q female F-series coaxial connector. The connection to the broadband medium shall be through a coaxial
drop cable with a mating male F-series connector. For single-cable configurations, the same connector may
be used for receive and transmit.

11.3.1.2 Transmit Interface
11.3.1.2.1 Transmit Qutput Impedance. The nominal output impedance at the transmit port shall

be 75 Q. The return loss within the data and collision enforcement frequency bands shall be at least 14 dB
with power apphed .

11.3.1.2.2 Transmitted RF Packet Format. Figure 11-6 shows the transmitted RF\packet format.

11.3.1.2.3 Transmit Spectrum and Group Delay Characteristics. The transmit RF data signal
shall be binary phase-shift-keyed (PSK) modulated and shall have a frequency@pectrum equivalent to
baseband rpised-cosine Nyquist filtering with a rolloff factor (a) of 0.4, and within the limits of|Fig 11-7.
For rectangular pulses, the filter characteristic is

rﬁ%g%; P<=w<%a—ﬂ
H@m=<gﬁﬁm%%%h"z$%ﬂ>

Ea-w<=w<%a+ﬂ

Lo il

where T = gne symbol time (100 ns for 10 Mb/s) and a = 0.4, and the first term accounts for the sin| x/x spec-
trum of NR{ random data. , ‘

The total|variation in group-delay from Circuit DO to the RF coaxial medium interface shall npt exceed
20 ns in theg frequency band from the carrier frequency to + 5 MHz, and 32 ns to + 5.5 MHz.

The colligion enforcement (CE) signal shall be a constant amplitude pulse with controlled tunn-on and
turn-off times. Random-modulation may be added to reduce the probability of cancellation when nhore than
one CE sighal is réceived simultaneously. The modulated signal shall have an instantaneous liequency
within 0.75 MHz"6f the CE band center frequency and shall conform to the spectrum mask spgcified in
11.3.1.2.4. The random modulatlon may be derlved from the transmlt NRZ data stream.

where T = one symbol time and t < 0 for the rise time and t > 0 for the fall time.
The CE and data RF signals shall not be transmitted simultaneously.

11.3. 2.4 Transmit Out-of-Band Spectrum. The transmitted power outside the speclﬁed band
- shall meet or exceed the relative attenuation (RA) specified below, under the following conditions:
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3. ALL.TIMES:IN BITS

: Fig 11-6
Packet Format and Timing Diagram (AULto Coaxial Cable Interface)

1) ansmitted packet length is 256 bits with'a'25.6 s interval between packets, for 50% duty cycle on

the cable.
(2) Reference level is an unmodulated carrier, equivalent to the postamble transmitted level.
(3) 'RA is the attenuation in decibels elative to the reference level outside the specified band, measured

in a 30 kHz noise bandwidth with a video filter of 300 Hz bandwidth or less.
“) is 18 MHz, the width of data plus collision enforcement bands.
(5) MF is the measurement frequency in MHz. '
(6) NCEF is the frequericy of the nearest edge of the band, in. MHz.

RA =|min (63,55 + 30|(MF - NCEF) /B)

Figure 11-8 graphically shows the attenuation requirement for out-of-band power.

11.3.1.2:5 Transmit Level Requirements. The transmitter output power during the postamble
and during the SQE Test of the collision enforcement signal shall be 1000 mV peak-to-peak intp a 75 Q load
(51 dBmV rms). Truncation loss due to the § : ingi B;-transmi data signal
power is 50 dBmV rms. Transmit output power variations shall not exceed * 2 dB.

11.3.1.2.6 Nontransmitting Signal Leakage Requirement. The RF data signal and collision
enforcement signal leakage to the coaxial cable interface while the MAU is not in its transmission mode
shall be less than —20 dBmV rms. 7

11.3.1.2.7 Transmit Spurious Output Requirement. All spurious signals from the transmitter
(inband and out-of-band) while not transmitting shall be less than —20 dBmV rms. All spurious signals
from the transmitter while transmitting data or collision enforcement shall be below the spectrum mask
specified in 11.3.1.2.4. : : :
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Spectrum Mask for RF Data Signal
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Transmit Out-of-Band Power Attenuation

11.3.1.2.8 Collision Enforcement Signal Leakage Requirement. The collision enforcement RF
signal leakage to the coaxial cable during data transmission and while the MAU is not enforcing collisions

shall be less than 5 dBmV rms. Leakage shall be less than —~20 dBmV rms when the MAU is not in the
transmission mode.

11.3.1.2.9 Transmit Output Mechanical Requirements. The transmit mechanical 1nterface shall
be a 75 Q female F-series coaxial connector. The connection to the broadband medium shall be through a
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coaxial drop cable with a mating male F-series connector. For single cable mstallatmns, the same connector
may be used for transmit and receive.

11.8.2 MAU Frequency Allocations. The broadband MAU uses a data band 14 MHz wide and an adja-
cent collision enforcement band 4 MHz wide. A single cable midsplit configuration with a frequency offset
of 156.25 MHz or 192.25 MHz between forward and reverse channels is recommended. Other configura-
tions, including dual-cable, where forward and reverse channels are on separate unidirectional cables, also
are permitted.” The preferred pairing for the usual North American 6 MHz channels is specified in Table
11.2-1 and Table 11.2-2. The tables also specify the data carrier or collision enforcement center frequency
for each band, and for smgle-cable systems, the frequency translation and the headend local oscillator
frequency.

: p-Cable : pque p : permissible fre-
quency band allocations for smgle-cable systems The 192 25 MHz translatlon is recommended for all new
designb. The 156.25 MHz translation is allowed for compatibility with some existing systems. The
156.25|MHz translation results in a reversal of the data and collision enforcement bands; as the lower side-
band i used.

11/3.2.2 Dual-Cable Systems Frequency Allocations.” In nontranslated dual-cable systems trans-
mit and receive frequencies are identical. Table 11.2-2 lists the permissible frequency band allocations. In
some ‘i“lestances translated dual-cable systems are installed. In such cases-the single-cable frequency alloca-
tions may be used.

’ Table 11.2-1 ,
Single-Cable Frequency Allocations (Frequencies in MHz)
TRANSMITTER v RECEIVER

Translation Translation

156.25 MHz 192.25 MHz
Data Coll Enf Transmit Headend Receive Headend Receive
Carrier Center Freq Band Local Osc Band Local Osc Band
43 52 85.75-53.75 245.75 192-210 192.25 228-t46
49 58 41.75-59.75 2517.76 198-216 192.25 234-252
55 64 47.75-65.75 269.75 204-222 192.25 240-258
+61 70 53.75-71.75 281.75 210228 192.256 246-264
67 76 59.75-71.75 293.75 216-234 192.25 252-270
73 82 65.75-83.75 305.75 222-240 192.25 258-276

NOTES: (1),Some of these optional bands are overlapping.
(2) Frequency tolerance of the data carrier and headend local oscillator shall each be + 25 kHz.
(8) + denotes the preferred frequency allocation.

11.3.3 AUI Electrical Characteristics

11.3.3.1 Electrical Isolation Requirements. The MAU must provide isolation between the AUI
- cable and the broadband coaxial medium. The isolation impedance shall be greater than 250 kQ at 60 Hz,
measured between any conductor (including shield) of the AU Interface cable and either the center conduc-
tor or shield of the coaxial cable. The 1solat10n means prov1ded shall be able to withstand 500 Vac rms for
one minute.

The MAU power supply, if provided, shall meet the appropnate national requirements. See Reference [8]
for guldance

*The remainder of 11.3.2 and all of 11.3.2.1 and 11,3.2.2 are not part of the ISO standard Frequency allocations are a subject for
national standardization.
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Table 11.2-2
Dual-Cable Frequency Allocations (Frequencies in MHz)
Data Coll Enf Data Coll Enf
Carrier Center Freq Band Band
43 52 36-50 50-54
49 58 42-56 ‘ 56-60
55 64 48-62 62-66
+61 ' 70 54-68 68-72
67 . 76 60-74 74-78
73 82 66-80 80-84
235.25 244.25 228--242 242-246
241.25 250.25 : 234-248 248-252
247.25 256.25 240-254 254-258
253.25 262.25 246-260 260-264
259.25 - 268.25 252266 . 266270
; 265.25 274.25 258-272 272-276
NOTES: (1) Some of these optional bands are overlapping.
(2) Frequency tolerance of the data carrier shall be + 25 kHz.
(3) + denotes the preferred frequency allocations. ’
11.3.3.2|Current Consumption. The MAU may have its own power supply but is also allow
the power spipplied by-the DTE through the AUI cable. When drawing current from the AUI, the¢ current

shall not ex

ble voltage lources as supplied by the DTE through the resistance of all permissible AUI cables. T
rupt the broadband coaxial medium should‘the DTE power source fall below the minimum

shall not di
operational
the nominall

11.33.3
components
shall provid

the receiverg shall accept signals that have traversed the worst-case lengths of AUI cable.

11.3.34
specified in

interface ar

teed 0.5 A as provided by the AUI source. The MAU shall be capable of operating from

level under abnormal MAU load conditions! The MAU shall be labeled externally to
value of current required by the device at'the AUL

Driver and Receiver Requirements. The requirements for AUI cable driver and
within the MAU are identical*with those specified in Section 7 of this standard. Th
s signals that meet the symmetry and jitter requirements of Circuit DI defined in Secti

Hetail in the PLS/AUI specifications, in 7.6 of this standard.

transformed into signals on Circuit DI and Circuit CI by a different framing chang
play,

b1l possi-
he MAU

identify

receiver
drivers
n 7 and

AUI Mechanical-Connection. The MAU shall be provided with a 15-pin male connector as

1134 Transfer-Characteristics. Signals presented on Circuit DO are transformed int¢ signals
at the coaxial cable\interface by delaying them and by reformatting them. Signals at the coax]

jal cable
e and by

additional d

11.3.4.1 AUI to Coaxial Cable Framing Characteristics. Data presented on Circuit DO shall first
be received differentially, then Manchester decoded into an NRZ data stream. The framing of the data shall
then be transformed into a new packet for presentation to the RF modulator in the following way (see
Fig 11-6 and Fig 11-9); '

(1) Up to 5 bits of the incoming data stream may be dropped for detection and Manchester decoding
purposes. :

(2) Beginning with the first zero, 20 bits of zero-one pattern shall be sent for receiver synchronization
and clock recovery.
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Fig 119
" Packet Format at Modulator Input

(3) [The next two bits (zero-one in the incoming pattern) shall both be set to zero and form|the Unscram-
bled Mode Delimiter (UMD). The UMD shall take the place of the zero‘pne in the incdming pattern;
it shall not be inserted into the data stream. ‘
(4) [All remaining bits in the preamble, SFD, and data fields shall be-scrambled (using p CCITT V.29
scrambler plus a differential encoder per 11.3.4.1).
(5) |A postamble (BEOFD) consisting of a zero followed by 22 ones-shall be added immediately after the
last scrambled data bit (the postamble is not scrambled). The postamble may be exte¢nded to allow
controlled turnoff of the transmitted signal, as shown inFig 11-6.
(6) [All bits (unmodified preamble; UMD; scrambled préamble, SFD, and data; and ppstamble) are
inverted. L
(7) |All bits sent to the RF modulator are differentially encoded: Figure 11-9 shows the pppearance of
/|the data before and after the differential encoder. ‘
(8) [The SQE Test sequence shall be generated’ after a successful data transmission by ransmitting a
collision enforcement RF signal with thé timing shown in Fig 11-6.

Becguse the preamble of the incoming.data on Circuit DO is modified, it is assumed that )TEs generate
a minimum length preamble of 47 bitsThe maximum preamble length is allowed to be 62 bits, as shown in
Fig 1146.

34.1.1 Scrambler and Differential Encoding Requirements. The NRZ data shall be scram-
bled (ysing a CCITT V.29-type scrambler). A new seed shall be used by the scrambler for every new packet
presented by the DTE tothe MAU. Figure 11-10 is a diagram of a typical scrambler implementation.
The gcrambled NRZ data shall be differentially encoded (see Fig 11-11 for a typical implementation).
The entire encoding process comprising the scrambling and differential encoding is essentially equiva-
lent to|a division‘efthe polynomial representing the data to be transmitted by the following polynomial:

GX)|=1#Fx1+x18 4 x719 .4 x28 4 x2

11:34.2-Coaxial-Cable-to-4 eaming-Chare S he :% ate] differentially
- decode, and 1nvert the recelved RF data s1gnal to recover the scrambled and lnverted data stream Clock
shall be recovered and a replica of the unfiltered and noninverted transmitted data stream shall be cre-
ated. The restored data shall be forced to a logic “one” state whenever no RF data signal is detected. This’
prevents false UMD detection and forces postamble detection when no carrier is present.

The framing information contained in the RF data stream shall be used to reconstruct the received data
so that no more than 6 bits are lost and no more than one bit added to the preamble field, and no bits are
added to or lost from the end of the transmit data. Detection of the UMD in the receive data shall initiate,
after a fixed delay, a locally generated preamble sequence of zero-one pattern. This pattern “fills in” the
- preamble bits altered due to the framing information at the beginning of the packet: the zero-one synchro-
nization and clock recovery sequence, the UMD, and the descrambler synchronization sequence. -
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Fig 11-10
‘Scrambler
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Fig 11-11
Differential Encoder

SCRAMBLED
TX DATA

The MAU shall descramble the received data using a self-synchronizing (CCITT V.29-type) descrpmbler.
No prior knowledge of the seed used by the scrambler shall be assumed by the descrambler circyit. The
descrambler [shall have valid output no later than 23 bit intervals after the UMD is detected|by the
receiver. An ¢xanmiple of a descrambler is shown in Fig 11-12, The differential decoding performed by the

demodulator jand the descrambhng functlon are essentlally equlvalent to multlplymg the recelved polyno-
mial by G(x) asdefine C SCTan i

After the descrambler is synchronized, 23 bits after the UMD, the correctly descrambled receive data,
starting with the 24th bit after the UMD, shall be transferred to the Manchester encoder and therefrom to
the AUI The delay from the detection of the UMD to the beginning of the locally generated zero-one pat-
tern shall be chosen so that no more than 6 bits of preamble are lost, and no more than one bit added, in
transmission from Circuit DO to Clrcult DI

The MAU shall detect the “zero” followed by 22 “ones” (the postamble pattern) and, in conjunction with
the loss of carrier detection in the data band or the presence of a collision enforcement detection signal,
shall ensure that the packet presented to the local DTE has no extraneous bits added by the MAU to the
end of the packet :
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 The|SQE Test signal shall be detected on the RF interface and the SQE signal shall be pré¢sented to Cir-
cuit (J of the transmitting MAU, subject to the timing restrictions of 11.3.4.5:4. If the| signal is not
observied at the RF interface due to failure of any element in the transmitter_ or'receiver, po SQE signal
mayrl‘)t presented to the AUL In the event of a collision enforcement, energy-will appear ih the collision
enforcement band within the ced_window time after energy first appears in ,the data band. Circuit CI shall
be asserted when collision enforcement is first detected and shall continiue to be active until after the RF
signal jon the RF port has subsided. Note that an SQE Test signal appended to a packet whose length is less
than the ced_window time (less than the minimum allowed packetlength) will be indistingufshable from a
collisign enforcement, except by the MAU transmitting. The transmitting MAU shall take this into account
and shall not interpret energy in the collision enforcement band to be a collision when thq length of the
transmitted packet is less than the ced_window time and the' SQE Test sequence has been trgnsmitted. See
the dij::ussion in 11.4.2 for more information on ced_window.

1113.4.3 Circuit DO to Circuit DI Framing Characteristics. In the absence of & collision, the
packet| format of the receive data at the AUI isidentical to that of the transmit data, except that there may
be one|more preamble bit than was sent at the transmit port and up to 6 bits of the preamble lost. In the
presenge of a collision, the receive data is:undefined, but shall still be properly Manchester epcoded.

11{3.4.4 AUI to Coaxial Cable Delay Chafacteristics The timing and delays assocjated with the
transmitter of the MAU are identified below. To ensure compatibility with all MAUs the delays identified
below ¢annot be exceeded nor traded off with other delays in the system.

[1.3.4.4.1 Circuit DO to RF Data Signal Delay. The delay from a transition on Cir¢uit DO at the
end of |a bit to the corresponding phase change of the RF data signal (such bit chosen so that an RF burst
phase thange doestexist) shall be no more than 24 bit times. The delay from the first transition on Circuit
DO to the first appearance of RF energy, however, is not specified except asitis determmed by other timing
constramts

11.34.4.2 Circuit DO to CE RF Output Delay. In the event that the MAU begins re¢eiving energy
on the coaxial medium just before the DTE presents data to the AUI, a collision shall be detected locally, as
described in Fig 11-4. The delay from the first bit at Circuit DO of the AUI to the presentation of collision
enforcement at the coaxial cable interface in this circumstance shall be 32 bit times maximum.

11.3.4.4.3 Transmit Postamble to SQE Test Signal Delay. The delay from the initial transition of
the first bit of the postamble. (Broadband End of Frame Delimiter) measured at the RF port to the 50%
pomt of the rising edge of the SQE Test signal shall be 35 + 3 bit times.

11.3.4.4.4 SQE Test Signal Length. The SQE Test signal length shall be 30 # 1 bit times as mea-
sured at the 50% pomts of the RF signal.
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11.3.4.5 Coaxial Cable to AUI Delay Characteristics. The MAU receiver timing and delays
described below shall not be exceeded or traded off against any other delays in the system.

11.3.4.5.1 Received RF to Circuit DI Delay. When there is no collision in progress, the delay from
the end of the SFD in the received RF data signal at the coaxial cable interface to the end of the SFD on
Circuit DI, shall be a maximum of 75 bit times (see Fig 11-13). The minimum is not specified, nor is the
delay specified at other locations in the packet. The end of the SFD in the received RF data signal (at the
coaxial cable interface) is defined as the time at which the envelope of the carrier would pass through the
midpoint if the first bit following the SFD was a zero and the scrambler disabled.

l /l UMD 1— END OF SFD

AN NN NANANNAN ST TS -

= TN s\
" MMM A A o
75
MAX |
. cIRcuit ol 10101011
N + 1 MAX.
N - 6 MN.
&.o
IN
16070 P
MAX
CIRCUIT CI
{ACTIVE ONLY ON TRANSMITTING MAU)
NOTES: 1. TIMES IN BITS
2. N = NUMBER OF PREAMBLE BITS ON CIRCUT DO
Fig'11-13
No Collision Timing Diagram (Coax to AUI)

11.3.4/5.2 Received RF to CE RF Output and Circuit CI Delay. In the event that a collision is
detected via the bit-by-bit comparison, the delay from the end of the bit in which the collision was detected,
as represented by the RF signal, to the 50% point on the rising edge of the collision enforcement signal
. shall not exqeed 34 bit times. The delay from the same point to the first transition of Circuit CI shall not
exceed 27 bit times. Circuit CI shall cease activity no more than 31 bit times after activity on the RF inter-
face (in both|data channel and collision enforcement channel) ceases. See Fig 11-14 and Fig 11-15.

11.3.4/5.3 Collision Enforcement to Circuit CI Delay. In the event of a collision enforcement by
another MAU, thedelay from the 50% point on the rising edge of the RF collision enforcement signal to the
first transitipn of Circuit CI shall be no more than 31 bit times. Circuit CI shall be active for a minjmum of
5 bit times apd'§hall become inactive within 31 bit times of the cessation of activity on the RF coaxial cable
interface, as shown in Fig 11-15.

11.3.4.5.4 Receive Data to SQE Test Delay. If a collision enforcement signal is received after the
ced_window signal becomes inactive (see (9) in 11.2.3.2), or if the MAU has transmitted an SQE Test
sequence, the MAU is to interpret the collision enforcement signal as an SQE Test signal. If the SQE Test
sequence is correctly detected (that is, the test passes), then the delay from the last transition of Circuit DI
to the first transition of Circuit CI shall be at least 6 but not more than 16 bit times. Circuit CI shall
remain active for 10 £ 5 bit times. Only the transmitting MAU shall assert its Circuit CI as a result of suc-
cessful completion of the SQE Test sequence.
If a collision enforcement signal is received before the ced_window signal becomes inactive, the MAU
shall interpret it as a collision enforcement and the timing of 11.3.4.5.3 shall apply.
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Fig 11-14
Collision Timing Diagram (RF Data to RF Collision Enforcement)
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3

. 31
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CIRCUIT CI

, NOTE: ALL TIMES IN BITS
, Fig 11-15 ‘
Collision Timing Diagram (Coaxial Cable Interface to AUI Circuit CI)

11.3.4.6 Delay from Circuit DO to Circuit DI. The time delay from a bit on Circuit DO at the AU
Interface to the corresponding bit on Circuit DI at the AU Interface is equal to the round trip delay of the
MAU connected back-to-back with itself (that is, in RF loopback) plus the round trip delay through the
cable system at the location of the MAU. Therefore, the delay is a function of the location of the MAU on
the cable system. It is never less than the transmitter delay plus the postamble length plus the time to
detect loss of carrier or presence of the SQE Test signal. See Fig 11-16 for the timing relationship when the
cable has zero length.

When the MAU is transmitting a short packet (less than 576 bits), the timing for Circuit CI durmg the
SQE Test sequence shall be the same as it is for normal length packets. If the MAU transmits a short
packet (less than 576 bits) that encounters a collision and if the SQE Test sequence has not been
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transmitted when the collision is detected by the MAU, then the timing for Circuit CI shall be the same as
it is for any normal collision. .

11.34.7 Interpacket Gap Requirement. The MAU shall be able and ready to transmit data pre-
sented to it by the DTE no later than 90 bit times after the last bit of a received packet was presented by
the MAU at its AUL

CIRCUIT DO { §
PREAMBLE {SFD DATA
f f
59
MAX
CIRCUIT DI {f
PREAMBLE |SFD|  DATA
{ F
)6.0
<¥gﬁhrwi«5-—
MAX
CIRCUIT Gl

NOTE: TIMES N BITS

Fig 11-16 ,
Timing at AUI for Zero-Length Coax

11.3.4.8 |Bit Error Rate. The MAU shall have a Bit Error Rate (BER) as measured at the AUI lower
than one error in 108 in a “zero-length coax” test environment (that is, a-coaxial cable. connection
sufficiently ghort to have negligible delay<'and transmission impairments). It shall have this BER for
receive signal levels in the range specified in 11.3.1.1.3 and in the presence of —28.3 dBmV rms{14 MHz
white Gausgian noise. This represents;a 24.3 dB signal-to-noise ratio for the specified minimum signal
level, —4 dBmV rms. For the same BER in a “system” environment (as opposed to zero-length coax),a 26 dB
signal-to-nojse ratio is requireds

The MAU|shall meet the BER requirements specified above when receiving strings of up to 33 ronsecu-
tive identical bits.

among other MAUs on the broadband coaxial cable. Connectors and other passive components comprising
the means of confecting the MAU to the coaxial cable shall be designed to minimize the probability of total
network failure. The MAU shall be designed to provide an MTBF of at least 1 000 000 hours without caus-
ing communication failure among other stations attached to the broadband local network medium.

11.3.5 Reliiability. Component failures within the MAU electronics should not impede commlfl:ication

11.4 System Considerations

114.1 Delay Budget and Network Diameter. The delay budget for the broadband MAU and rest of
the Physical Layer is tabulated in Table 11.4-1. This table includes allocations for trunk cables (the back-
bone cables in the system), drop cables (a length of 25 m is assumed), etc. The velocities of propagation
assumed are included in the table; use of other types of cables will alter the system diameter accordingly.
The types of cables, including the mix of drop and trunk cable lengths, can be altered as long as the total
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propagation delay from the most distant MAU to the headend does not exceed 70 bit times. The total delay

budget of 576 bit times includes allowance for the preamble and SFD (64 bits).

Table 11.4-1 tabulates delay allocations for a dual-cable system with no headend delay. In translated sin-
gle-cable systems, the headend translator delay reduces the maximum trunk cable distance by [DA2 x
CV)], where D is the delay in nanoseconds, and CV is the cable velocity in nanoseconds per meter. For

3.83 ns/m velocity trunk cable, this reduction is [Delay (ns) / 7.66] m.

Table 114-1 ‘
Broadband Dual-Cable Systems—Physical Layer Delay Budget

Maximum
Delay Element : Allowed Value
(Bits)
DTE]1 starts to put out first bit 0.00
First bit from DTE1 at AUI 3.00
AUI Cable (50 mat 5.13 ng/m) 2.57
Cireuit DO to Tx RF Out 24.00
Tx Drop Cable (25 m at 4.27 ns/m) 1.05
Tx Trunk Cable (1800 m at 3.83 ns/m) 68.95
Rx Trunk Cable (25 m at 4.27 ns/m) 68.95
Rx Drop Cable (25 m at 4.27 ns/m) 1.06
End of Bit Comparison (last bit of source address) 160.00
Rx RF to Collision Enforcement RF Out (from RX bit that is found to be in 34.00
error to collision enforcement out)

Tx Drop Cable (25 m at 4.27 ns/m) 1.05
“Tx Trunk Cable (1800 m at 3.83 ns/m) 68.95
Rx Trunk Cable (1800 m at 3.83 ns/m) : ' 68.95
Rx Drop Cable (25 m at 4.27 ns/m) 1.05
Rx Collision Enforcement to Circuit Ci 31.00

- AUI Cable (50 m at 5.13 ns/m) ‘ 2.57
DTE1 Detects Collision Presence 3.00
DTE1 Jams Channel 32.00
Allowance for Traps, Splitters{ Amplifiers, and Margin 3.86
Total ‘ 576.00

11.412 MAU Operation with Packets Shorter than 512 Bits. The MAU transmits|an SQE Test ‘
sequence onto the RF{medium after every transmitted packet. If the frame plus preamble and SFD is less

than the ced_window in length, a receiving MAU cannot distinguish the SQE Test signal fﬂom a collision

enforcpment sighal due to a collision. Therefore, operation of the MAU with data frame
512 bits may cause all other receiving MAUs to see a collision. The transmitting MAU, howey
the SQE Test because that MAU was the one that transmitted the test. An MAU transm

aborter than
yer, recognizes
itting a short
‘SQE Test sig-

packe that encounters a colhslon can d1st1ngu1sh the resultmg colhsmn enforcement from an
nal b : S Q 8

ce unless the

packet is shorter than the round tr1p delay on the cable plant In the latter 1nstance, the transm1tt1ng MAU

may not detect a collision enforcement.

1ns Characterlstlcs of the Coaxial Cable System. The cable system upon which the broadband MAU

operates shall meet the following electrical and mechanical requirements.

11.5.1 Electrical Requirements. The electrical requirements of the cable system are listed in Table
. 11.5-1. Each parameter is applicable over the frequency range to be used by the broadband MAU.

Adjacent channel signal levels shall be consistent with the requirements of 11.3.1.1.4.
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Table 11.5-1
Cable System Electrical Requirements

Impedance 75 Q

Return Loss " 14 dB min

Transmit Level +50 dBmV +2 dB
Receive Level - +6dBmV +10dB ’
Maximum Receive Noise Level ~ -30 dBmV/14 MHz
Loss Variation* (per 18 MHz band) ’ 2 dB min, 52 dB max

Path Loss (between any transmit port and receive’ 36 dB min, 52 dB max
port, including loss variation)

11.5.2 Meg¢

Group Delay Variation

—around data carrier , 20 ns/10 MHz max
—over 18 MHz band 34 ns max

* Not including headend. -

thanical Requirements. The connection of the cable system to the broadband MAU

standard F-geries screw-on male connector. For the dual-cable case, two such/connectors are requj

for transmit

11.5.3 Del
round trip
140 bit time,
allows 3600

fore allowin

and the other for receive.

lay from the farthest transmitting MAU to the farthest receiving MAU, Table 11.4-
m of trunk cable (round trip; 1800 m from thefarthest point to the headend), and

, in this case, a maximum of 3750 m DTE to DTE separation. These lengths will be dif

4.27 ns/m vzocity drop cable at each MAU. In addition, 50-m of AUI cable is allowed on each MAT

cables of di
exceeded.

For single
The maximu

rcable systems, the maximum delay.of 140 bit times includes the delay through the K
m cable system length must be reduced appropriately, as described in 11.4.1.

11.6 Frequency Translator Requirements for the Single-Cable Version

11.6.1 Ele
cable system

ptrical Requirements. The headend frequency translator performance is include
characteristics specified in 11.5, except as defined in Table 11.6-1.

isvia a
red: one

y Requirements. The maximum length of the cable system is constrained by the aJlowable

1 allows

5 round trip delay in the cable system. For trunk cable propagation velocity of 3.83 ng/m, this

25 m of
J, there-
ferent if

erent propagation velocity are used. This.is' acceptable so long as the maximum delgy is not

ieadend.

] in the

Table 11.6-1
Frequency Translator Requirements
Group Delay Variation
= i ICY 20 /10 Mtz rax
—between data carrier and CE center frequency 50 ns max

. Amplitude Variation (from 6 MHz below the input 2 dB max
_ data carrier frequency to 1 MHz above the CE
center frequency)

Translation Frequency per Table 11.3-1

The frequency translator contributes to total cable system delay and shall be labeled by the vendor with
the input-to-output delay in the band of operation. The effect on network length can then be computed per

11.4.1.
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11.6.2 Mechanical Requirements. The input and output mechanical interface shall be 75 Q female F-
series coaxial connectors. The connection to the broadband medium shall be through a coaxial cable with a
mating male F-series connector.

11.7 Environmental Specifications

-11.7.1 Safety Requirements. This subsection sets forth a number of recommendations and guidelines
related to safety concerns. This list is neither complete nor does it address all possible safety issues. The
designer is urged to consult the relevant local, national, and international safety regulations to assure
compliance with the appropriate standards.

Local area network cable systems, as described in this section, are subject to at least four direct electrical
safety hazards during their use, and designers of connecting equlpment should be aware of these hazards.
The hazards are as follows:

(1) | Direct contact between local network components and power or lighting c1rcu1ts
(2) | Static charge buildup on local network cables and components

(3) | High-energy transients coupled onto the local network cabling system

(4) | Potential differences between safety grounds to which various network components are connected

These electrical safety hazards, to which all similar cabling systems are subject, should b¢ alleviated for
a loca) network to perform properly. In addition to provisions for properly handling these faylts in an oper-
ationgl system, special measures shall be taken to ensure that the intended safety features dre not negated
‘when [attaching or detaching equipment from the local area network medium of an existing hetwork.

Sound installation practice, as defined in apphcable national\and local codes and reguldtions, shall be
followed in every instance in which such practice is applicable:

11.72 Electromagnetic Environment

11.7.2.1 Susceptibility Levels. Sources of interference from the environment include e]ectromagnetic
fields, electrostatic discharge, transient voltages between earth connections, etc.

The physical MAU hardware shall meet its specifications when operating in an ambient plane wave field
of: '

(1) |2 V/m from 10 kHz through 30 MHz
(2) | 5 V/m from 30 MHz through 1 GHz

MADUs meeting this section should provide adequate RF ground return to satisfy the EMC speciﬁcatibh.

11.7.2.2 Emission Lévels. The physwal MAU hardware shall comply with the apphcab]le national and
local regulatlons for emission levels.

11.7|3 Temperature and Humldlty. The MAU and associated cable system are expected o operate over
a reasonable range of environmental conditions related to temperature, humidity, and physical handling
such gs shockrand vibration. Specific requlrements and values for these parameters are considered to be
beyon(l the scope of this standard.
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12. Physical Signaling, Medium Attachment, and Baseband
Medium Specifications, Type 1BASE5

12.1 Introduction

12.1.1 Overview. 1BASES5 is a 1 Mb/s CSMA/CD network based on twisted pair wiring. Each DTE (Data
Terminal Equipment) is star-connected to a shared hub through two pairs that function as transmit and
receive channels. Hubs can be cascaded, and DTEs can be connected to any hub. Packets transmitted by a
DTE are propagated by the hub to a h1gher-1eve1 hub 1f one ex1sts otherw1$e the hub broadcasts the packet
back down [0 3 f ' “level hub arg retrans-

header huly; this hub in turn broadcasts the packet or collision signal to all DTEs andlower-level hubs.
12.1.2 Sdope. The 1BASES5 specification builds upon the first six major sections of this standard; the
remaining major sections (other than this one, of course) do not apply to,IBASES5. That is, the Media
" Access Control (MAC) and Physical Signaling (PLS) Service Specifications. are used in common| with the
other implémentations of this standard, but the Physical Medium Attachment (PMA) sublayer, transmis-
sion medium, and hub functions for Type 1BASEDS are specified in this section. The relationship of the
1BASES specification to the OSI Reference Model and the IEEE 802.3 CSMA/CD LAN Model is|shown in
Fig 12-1.

12.1.3 Definitions

bit cell. THe time interval used for the transmission of’a single data (CD0 or CD1) or control (CVH or CVL)
symbol.

bit rate (BR). The rate of data throughput on'the medium (in b/s or Hz, whichever is more apprppriate to
the context). See 12.3.2.4.1.

bit time (BT). The duration (of transmission) of one bit symbol (bit cell) (1/BR). See 12.3.2.4.1.
carrier sense. In a local area network; an ongoing activity of a data station to detect whether anpther sta-

tion is tranjsmitting. Note that the signal provided by the PLS to the PMA sublayer indicates that one or
more DTEH are currently transmitting.

Clocked Data One (CD1). A Manchester encoded data “1.” A CD1 is encoded as a LO for the fitst half of
the bit cell and a HI-for the second half of the bit cell.

Clocked Data Zero (CD0). A Manchester encoded data “0.” A CDO is encoded as a HI for the first half of
the bit cell anda 0 .

Clocked Violation HI (CVH). A symbol that deliberately violates Manchester encoding rules, used as
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 cell.

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

collision. A condition that results from concurrent transmissions on the physical medium.
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Fig 12-1
1BASES5 Relationship to the ISO Open Systems Interconnection (OSI)
. Reference Model and the IEEE 802.3 CSMA/CD LAN Model

Collisjon Presence (CP). The non-Manchester signal generated by hubs to report collisipns and some
error conditions..Séee 12.3.2.4.3 for details.

header hub, (HH). The highest-level hub in a hierarchy of hubs. The HH broadcasts signals transmitted
to it bz lower-level hubs or DTEs, such that they can be received by all DTEs that may be c?nnected to it,
either directly or through intermediate hubs. See 12.2.1for details. __

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.

idle (IDL). A signal condition where no transition occurs on the transmission line. It is used to define the
time between packets. See 12.3.2.4.4 for details.

intermediate hub (IH). A hub that occupies any level below the header hub in a hierarchy of hubs. See
12.2.1 for details.
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’Jabber Funetion. A mechanism for controlling abnormally long transmissions.
special link (SL). A transmission system that replaces the normal medium. See 12.8 for details.
12.1.4 General Characteristics. Type 1BASES has the following general characteristics:

(1) 1 Mb/s signaling rate, Manchester encoded

(2) Twisted pair wiring

(3) Point-to-point interconnection of DTEs to hubs, with one twisted pair serving as the upward link,
the other as the downward link

(4) Data pairs can coexist in the same telephone cable bundles as voice pairs

(6) When a hub receives signals from a DTE or lower-level hub, it propagates them to a higher-level
hub if one exists; otherwise, the hub broadcasts the signals back down to the DTEs and lower-level
hub$ ,

(6) When a hub receives signals concurrently from two or more DTEs or lower-level hubs;.it)generates a
unique collision presence signal, and distributes it as in (5) above

(7) DTHBH-to-hub and hub-to-hub interfaces are electrically isolated at both ends

(8) Up to five hub levels are allowed

(9) Hubg serve as repeaters

. (10) Maxiimum DTE-to-hub and hub-to-hub distance is approx1mate1y 250 m-for-telephone wiring (cable-

type| dependent; see 12.7) '

(11) Spedial links may be used to extend some DTE-to-hub or hub-to-hub distances to 4 km

12.1.5 Cgmpatibility. This specification calls out one principal compatibility interface, namely PMA-to-
Medium. It is intended that different implementations of DTEs and hubs be able to interoperate in
1BASES ndtworks.

12.1.6 Objectives of Type 1BASES5 Specification

(1) Provide for low-cost networks, as related to both’ equipment and cabling

(2) Malke it possible to use telephone-type building wiring, and in particular spare wiring when
available

(3) Provide for easy installability, reconfigurability, and service

(4) Enswyre interconnectability of independently developed DTEs and hubs

5) Ensﬂre fairness of DTE access

(6) Provide a communication channel with a resultant mean bit error rate, at the physical layer service
intefface, of less than one part/in 108 (on the order of one part in 10? at the link level)

. 12.2 Architecture

12.2.1 Mgjor Concepts. Type 1BASE5 is a 1 Mb/s CSMA/CD network. DTEs are connected to lyubs (and
hubs to othler hubs) by2point-to-point wiring, resulting in a star topology network. Data transmigsions are

o the hub
b point of
concentration: 3 : S . collision
detection. When only one DTE transmlts, the hub repeats the signals, compensatmg for amplitude and
phase distortion, and broadcasts to all DTEs. When a hub detects two or more DTEs transmitting concur-
rently, the hub generates a unique Collision Presence (CP) signal, which it broadcasts instead of the origi-
nally transmitted signals. The hub continues to send CP until it receives IDL from all lower-level DTEs.
CP has the property that it can be detected by DTEs as a Manchester code violation.

The interconnection architecture does not imply any minimum, typical, or maximum number of DTEs to
be connected to a given hub; this is an implementation or installation detail.

Up to five levels of hubs may be cascaded. A two-level configuration is illustrated in Fig 12-3, with a head-
er hub (HH) and intermediate hubs (IH). There can be a number of IHs; there must be one and only one HH.
Each DTE or IH is connected to a hub via separate transmit and receive channels (normally two twisted
pairs). An IH propagates signals from its DTEs toward the HH; it sends CP toward the HH in the event of
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Fig 12-3 »
Network with Two Levels of Hubs

a collision. The HH repeats the signals it receives from DTEs or IHs back down to all DTEs and IHs. The
HH generates CP if more than one of its inputs becomes active. The IHs repeat the signals received from
the HH, and broadcast to all the connected DTEs’ receivers. Hubs do not distinguish whether input signals
along the upward path emanate from DTEs or lower-level IHs. If a single input is active, the hub repeats
the signal regardless of its source; if more than one is active, it generates CP. :

A configuration involving four hub levels and a special link is illustrated in Fig 12-4. In this example, one
IH is used for simple repeating (one connection upward and one connection downward). Other than having
one link in and one link out, repeaters are identical to other hubs. Special links are connections, possibly
containing active devices, that are used for situations requiring extra propagation delay or special transmis-
sion media. '
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12.2.2 Application Perspective. The primary application area for type 1BASES5 is expected to be in
office envirpnments for networking DTEs such as personal computers or other workstations. |In many

cases, spar¢ wiring contained in existing telephone wire bundles will be used.

12.2.3 Packet Structure. Packets are transmitted from the PLS to the PMA as follows:
<silence>| <preamble> <sfd> <data> <etd> <silence>

The packet€lements shall have the following characteristics:

Element
<silence>
<preamble>
" <sfd>
<data>
<etd>

Characteristics

No transitions

Alternating CD1 and CDO for 256 bit times (ending in CDO0)
CD1 CD0 CD1.CD0 CD1 CD0 CD1 CD1

8 x N instances of CDO or CD1

First part of IDL

12.2.3.1 Silence. The <silence> delimiter provides an observation window for an unspecified period of
time during which no transitions occur. The minimum duration of <etd> followed by <silence> is the
interFrameGap defined in 4.4.2.2,
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12.2.3.2 Preamble. The <preamble> delimiter begins a packet transmission and provides a signal for
receiver synchronization. The signal shall be an alternating pattern of CD1 and CDO. This pattern shall be
transmitted by the DTE for a minimum of 56 bit times at the beginning of each packet. The last bit of the
preamble (that is, the final bit of preamble before the start-of-frame delimiter) shall be a CDO.
The DTE is required to supply at least 56 bits of preamble in order to satisfy system requirements. System
components consume preamble bits in order to perform their functions. The number of preamble bits
sourced ensures an adequate number of bits are provided to each system component to correctly implement

its function.,

12.2.8.3 Start-of-Frame Delimiter. The <sfd> indicates the start of a frame, and follows the
preamble.

12.2.3.4 Data. The <data> in a transmission shall be in multiples of eight (8) encoded data bits (CDOs
and CDs).

12/2.3.5 End-of-Transmission Delimiter. The <etd> indicates the end of a transmission and serves
to turn|off the transmitter. The signal shall be the first part of an IDL.

12.3 DTE Physical Signaling (PLS) Specification

12.3.1 Overview. This section defines logical characteristics of the DTE PLS sublayer for [BASE5. The
relationship of this specification to the entire standard is shown in Fig 12<5. The sublayer ang its relation-
ship to|the MAC and PMA sublayers are described in an abstract way and do not imply any particular
implenentation..

12.8.1.1 Summary of Major Concepts

(1) There are two channels between the PLS and PMA sublayers. Output data are passed through the
putput channel and input data and control (CR)are passed through the input channel|
(2) Each direction of data transfer through the’PLS operates independently and simultaheously (that
1s, the PLS is full duplex).

12.8.1.2 Application Perspective. The DTE PLS sublayer performs the following functjions:

(1)  Encodes OUTPUT_UNITs from the MAC sublayer into a Manchester encoded waveform that it
sends to the PMA sublayer gutput circuit
(2) Decodes a Manchester encoded waveform from the PMA sublayer 1nput circuit into INPUT_UNITS,
CARRIER_STATUS,and SIGNAL_STATUS ‘

12.3.2 Functional Specification. This section provides a detailed model for the DTE PLS|sublayer.
Many of the terms\used in this section are specific to the interface between this sublayer and the MAC

sublaydr. These térms are defined in the service specification for the PLS sublayer (see 6.3).

12.8.2.1PLS-PMA Interface. The PLS and PMA communicate by means of the following messages:

Meggag 154 }vicggl ;115 Suuu ce
 output Output information PLS
output_idle No data to be output PLS
input Input information ’ PMA
input_idle No input information PMA

12.3.2.1.1 output Message. The PLS sublayer sends an output message to the PMA sublayer when

the PLS sublayer receives an OUTPUT_UNIT from the MAC sublayer.
The physical realization of the output message is a CDO or a CD1 sent by the PLS to the PMA. The PLS
sends a CDO if the QUTPUT_UNIT is a ZERO or a CD1 if the OUTPUT _UNIT is a ONE. This message is
time-coded. That is, once this message has been sent, the function is not completed until one bit time later.
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Fig 12-5 ‘
Station Physical Signaling, Relationship to the ISO OSI Reference Model
and the IEEE 802.3 CSMA/CD LAN Model

The output mesgage cannot be sent again until the bit cell being sent as a result of sending the [previous
output mess1age is complete.

12.3.2.1.2 output_idle Message. The PLS sublayer sends an output_idle message to the PMA sub-
layer at all times when the MAC sublayer is not in the process of transferring output data across the MAC
to PLS interface. The output_idle message is no longer sent (and the first OUTPUT_UNIT is sent using the
output message) when the first OUTPUT_UNIT of a packet is received from the MAC sublayer. The out-
put_idle message is again sent to the PMA when DATA_COMPLETE is received from the MAC sublayer.

The physical realization of the output_idle message is IDL sent by the PLS to the PMA.

12.3.2.1.3 input Message. The PMA sublayer sends an input message to the PLS sublayer when the
PMA has received a bit from the medium and is prepared to transfer this bit to the PLS.
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The physical realization of the input message consists of data units, CD0, CD1, CVL, or CVH, derived
from the incoming data stream. If ambiguity ex1sts due to excessive noise or jitter, the PMA may send an
arbitrary combination of these.

12.3.2.1.4 input_idle Message. The PMA sublayer sends an input_idle message to the PLS sub-
layer when the PMA sublayer does not have data to send to the PLS sublayer. This condition exists when
carrier is lost or IDL is received.

12.3.2.2 PLS-MAC Interface. The PLS and MAC communicate by means of the following messages:

Message Meaning Source

OUTPUT_UNIT Data sent to the PMA MAC

OUTRUT_STATUS — Response-to-OUTPUT UNIT PLS

INPU[I_UNIT Data received from the PMA PLS

CARRIER_STATUS  Indication of input activity PLS

SIGNAIL, STATUS Indieation of error/no error condition PLS

12.3.2.2.1 OUTPUT_UNIT. The MAC sublayer sends the PLS sublayer)an OUTPUT |UNIT every

time thq MAC sublayer has a bit to send. Once the MAC sublayer has sent antOUTPUT_UNIT to the PLS
sublayet, it may not send another OUTPUT _UNIT until it has received an' OUTPUT_STAT|US message
from the PLS sublayer. The OUTPUT_UNIT is a ONE if the MAC sublayerwants the PLS sublayer to send

a CD1 tq

1

OUTPU[I'_ ‘
he purpose of QUTPUT _STATUS is to synchronize the MAC sublayer data output w

layer. (1
rate of t|

14
the PLS

layer re¢
sublaye.

the PMA

13

wheneveér there is a change in carrier status, as detected by the PMA. The PLS sub

CARRIH
the PLS
when it
the PLS

I'_NEXT when the PLS sublayer is ready to accept.the next OUTPUT_UNIT from t}
he physical medium.)
2.3.2.2.3 INPUT _UNIT. The PLS sublayer sends the MAC sublayer an INPUT _UNT'
receives an input message from the PMA sublayer. The INPUT_UNIT is a ONE if t
eives a CD1 from the PMA sublayeror a ZERO if the PLS sublayer receives a CDO fr,
\ sublayer.

2.3.2.2.4 CARRIER_STATUS. The PLS sublayer sends the MAC sublayer_CARRII
[R_ON when it receives an input message from the PMA and the previous CARRIER_S
sublayer sent to the MAC sublayer was CARRIER_OFF. The PLS sublayer sends CA]

receives an input_idle message from the PMA sublayer, and the previous CARRIER_S
sublayer sent to the MAC sublayer was CARRIER_ON.

. 3.2: 2 5 SIGNAL_STATUS. The PLS sublayer sends the MAC sublayer SIGNAL_ST;

2.3.2.2.2 OUTPUT _STATUS. The PLS sublayer sends the'MAC sublayer an OUTPUT]
respons¢ to every OUTPUT_UNIT received by the PLS¢ sublayer. OUTPUT_STATUS

b the PMA sublayer, a ZERO if a CDO is desired, or a DATA_COMPLETE if an IDL is desired.

STATUS in
sent is an
e MAC sub-
ith the data

[' every time

pm the PMA

The INPUT _UNIT may be either ZERO or ONE if the PLS sublayer receives a CVL ¢or CVH from

ER_STATUS
layer sends
TATUS that
RRIER_OFF
TATUS that

ATUS when-
RROR when

tects the beglnmng or end of Colhsmn Presence The PLS sublayer sends SIGNAL E

—STATUS the

he PLS sub-

PLS sublayer sent was NO SIGNAL ERROR The PLS sublayer sends NO SIGNAL ERROR when it
receives an input_idle message from the PMA sublayer and the previous SIGNAL_STATUS that the PLS
sent to the MAC sublayer was SIGNAL_ERROR. The PLS shall send SIGNAL_ERROR to the MAC sub-
layer when the Collision Presence pattern is detected; it may send SIGNAL_ERROR any time it receives
an input message that is neither CDO nor CD1.

12.3.2.3 PLS Functions. The PLS sublayer functions consist of four simultaneous and asynchronous
functions. These functions are Output, Input, Error Sense, and Carrier Sense. All of the four functions are
started immediately following PowerOn. These functions are depicted in the state diagrams shown in
Fig 12-6 through Fig 12-9, using the notation described in 1.2.1.
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* QUTPUT__NEXT
* output

pe e e 0t e i e . —— - oo —— ]

Fig 12-6
DTE PLS Output Function

12.312.8.1 State Diagram Variables. The variables used in the state diagrams and the cqrrespond-

ing descrigtions are the following:
(1) Inter|Process Flags

disable_SIGNAL_ERROR

protectTjmer

Used/in the state diagrams and functions. It is used by the Input Func-
tion to prevent false collision detection by the Error Sense Furlction dur-
ing preamble startup. '
Used by the Carrier Sense Function to implement the protection period
described in 12.5.3.2.3. It is started by “start-protectTimer.”
“protectTimer_done” is satisfied when the timer has expired.

12.3,2.3.2 Outpilt Function. The Output Function transparently performs the task of datla transfer
from the MAC sublayer to the PMA sublayer. The state diagram of Fig 12-6 depicts the Output Function

operation.

12.8.2.3. pa m. The Input Function transparently periorms the task of data transfer
from the PMA sublayer to the MAC sublayer. The state diagram of Fig 12-7 depicts the Input Function

operation.

12.3.2.3.4 Error Sense Function. The: Error Sense Function performs the task of sending
SIGNAL_STATUS to the MAC sublayer at the beginning and end of the Collision Presence pattern. The

state diagram of Fig 12-8 depicts the Error Sense Function operation.

12.3.2.3.5 Carrier Sense Function. The Carrier Sense Function performs the task of sending'
CARRIER_STATUS to the MAC sublayer whenever the input becomes active or idle, as detected by the
PMA sublayer. The state diagram of Fig 12-9 depicts the Carrier Sense Function operation.

217


https://iecnorm.com/api/?name=f1be158f1b5e8fd7304e79a44c09d06a

ISO/IEC 8802-3 : 1993
ANSVIEEE Std 802.3, 1993 Edition LOCAL AND METROPOLITAN AREA NETWORKS:

PowerOn

L

BIT BUCKET

Input_idle

INPUT IDLE | ——er

e e — o v o —-— ‘m— — — — o

o disable___SIGNAL__ERROR

» [Discard up to the first 10
bit-cells received.}

Input

INPUT DATA

¢ INPUT_UNIT

UCTLT
Input

INPUT HOLD.

CARRIER__OFF

. Fig 12-7
DTE PLS Input Function

PowerOn

At

R NO ERROR in_E_RE_QH HOLD
ucr

. —— ——— — —— o s

« NO__SIGNAL__ERROR
4 ((input=CVH) + (input=CVL))
“disable. SIGNAL__ERROR

input__idie |
ERROR HOLD ~__ ERROR
UCT) « SIGNAL_ERROR

Fig 12-8
DTE PLS Error Sense Function
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UCT!| o« CARRIER_ON

Fig 12-9
DTE PLS Carrier Sense Function

A timen may be used by the Carrier Sense Function to implement\the protection period described in
12.5.8.2.3| Tt is started by “start-protectTimer” and asserts “protectTimer_done” after 0 to 30 us since
starting. ‘

12.3.2.4 Signal Encoding. Five distinct symbols can)be transmitted on the line: CDO, CD1, CVL,
CVH, and IDL. Of these, CVL and CVH are transmitted only as part of the collision presence reporting
pattern CP.

12.3.2.4.1 Data Transmission Rate. The data transmission rate (BR) is 1 Mb/s + 0.01%/| A bit time
(BT) is therefore nominally 1 us.

12.3.2.4.2 Data Symbol Encoding/ Manchester encoding is used for the transmission pf packets,
Manchestpr encoding is a binary signaling mechanism that combines data and clock into bit cells. Each bit
cell is split into two. halves with the second half containing the binary inverse of the first half; af transition
always oc¢urs in the middle of eachbit cell, During the first half of the bit cell, the encoded signal is the log-
ical complement of the bit value.being encoded. During the second half of the bit cell, the encodé¢d signal is
the uncomplemented value(of the bit being encoded. Thus, a CDO is encoded as a bit cell in whigh the first
half is HI jand the second'half is LO. A CD1 is encoded as a bit cell in which the first halfis LO ahd the sec-
ond half i$ HI. Examples of Manchester waveforms are shown in Fig 12-10. The zero crossings jof an ideal
Manchester waveform occur on precise half-bit-cell boundaries. The zero crossings of real waveforms may
include timing jitter'that causes deviation from these “idealized zero crossings.”

12.3.2:4:3 Collision Presence Encoding. Two signals, CVL and CVH, that are transmitted only as
part of the collision presence reporting pattern, CP, violate the normal Manchester encoding rule requiring

a transition in the middle of each symbol. 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 transition from HI to LO at the end of the bit cell. 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 transi-
tion from LO to HI at the end of the bit cell.

The Collision Presence reporting signal, CP, is a special sequence that differs from any legitimate
Manchester-encoded signal. CP is encoded as a repeating sequence of 1 bit time LO, 1/2 bit time HI, 1 bit
time LO, 1 bit time HI, 1/2 bit time LO, and 1 bit time HI. This may also be interpreted as repetitions of the
five-symbol sequence CVL, CD0, CD1, CD0, CVH. Should a transmitter’s or receiver’s timing be shifted by
1/2 bit time, then the same sequence will be interpretable as repetitions of CD1, CVL, CVH, CD1, CDO. In
either case, the presence of non-Manchester symbols distinguishes the sequence from data. Examples of
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ONE BIT TIME
—] f———

I A .

|l ol ol ol ol ol olfo
ENCODED WAVEFORM — CONSTANT “CDO”

—
L

TR I I A 1 1 1
ENCODED WAVEFORM — CONSTANT "CD1”

||

—— ‘
I1|°|1I0|1|v0|1

ENCODED WAVEFORM — ALTERNATING
“CDO," nCD1n .

& emsend

| o o | 1 1 1 Fol
ENCODED WAVEFORM — RANDOM:DATA

Fig 12-10
Examples of Manchester Waveforms

Collision|Presence waveforms are shown in Fig 12<11. See 12.3.2.2.5 and 12.4.3.2 for further details on the

detection| and generation of CP.

NOTE: OP is the minimal length sequence that meets the following design criteria:

(1) Thd sequence should not look like legitimate Manchester-encoded data even if the receiver does not lock onto the correct bit-
cell|boundaries.

(2) Thd sequence should maintain overalldc balance.

(8) Thg signal should occupy the same-part of the frequ
or whole bit time so that the fundamental signaling frequencies of BR/2 and BR are maintained. Furthermore,
thah one bit time to pass without a transition would introduce ambiguity with the idle line condition (IDL).

That is, it should be HI 50% of the time and LO the other 50%.

ency spectrum as normal data. That is, transitions should ofcur every half
allowing more

ONE BIT TIME

I Ll 01 1101 HI Lil 0
Il 1+ I LI HI 11 ol 1 | L
Fig 12-11

Examples of Collision Presence Waveforms

220



https://iecnorm.com/api/?name=f1be158f1b5e8fd7304e79a44c09d06a

ISO/IEC 8802-3 : 1993
CSMA/CD ANSVIEEE Std 802.3, 1993 Edition

12.3.2.4.4 Idle Line Encoding. The line condition IDL is also used as an encoded signal. An IDL
always starts with a HI signal level. Since IDL always starts with a HI signal, an additional transition will
be added to the data stream if the last bit sent was a zero. This transition cannot be confused with clocked
data (CDO or CD1) since the transition will occur at the start of a bit cell. There will be no transition in the

middle of the bit cell. The HI signal level, as sent by a transmitter, shall be maintained for a minimum of
2 bit times.

12.4 Hub Specification

124.1 Overview. This section defines the logical characteristics of the hub used in 1BASES. The rela-
tionship of this specification to the entire standard is shown in Fig 12-12.

osl IEEE 802.3 CSMA/CD

REFERENCE MODEL LAN MODEL
!

| 1
t HIGHER | HIGHER |
I LAYERS LAYERS

e
SESSION / |LOGICAL LINK
{ | conTroL

1 MAC

| MEDIA
TRANSPORT | | ACCESS

/ CONTROL

NETWORK /| PHYSICAL

i/ | SIGNALING

/ / PLS
[}

/ PMA

/| PHYSICAL .
DATA LINK 1/ MEDIUM PMA PMA | PMA
/ |ATTACHMENT

MDI

MEDIUM port | ... |PorT |uPPER
PHYSICAL DEPENDENT MDI MDI | MDI
INTERFACE

CONNECTION TO
OTHER STATIONS OR
LOWER-LEVEL.-HUBS !

OPTIONAL
CONNECTION TO
HIGHER-LEVEL HUB

: Fig 12-12
Hub Relationship to the OSI Reference Model
and the TEEE 802.3 CSMA/CD LAN Model

124.1.1 Summary of Major Concepts

(1) ‘Ahub consists of a Hub PLS sublayer and a number of instances of the PMA sublayer.

(2) One instance of the PMA sublayer, the “upper PMA,” provides a connection to a higher-level hub.
This PMA is not required for the header hub.

(8) Each of the remaining instances of the PMA sublayer, called “port PMAs,” provides a connection to a
DTE or a lower-level hub.
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(4) The Hub PLS transfers data in two directions: upward from the port PMAs, to the upper PMA and
downward from the upper PMA to the port PMAs.
(5) The upward and downward “sides” of the hub operate independently and simultaneously.

12.4.1.2 Application Perspective. The hub is a physical layer entity that performs two functions:

(1) It retransmits incoming signals w1th amplitude and timing restored.
(2) It detects collisions between any two or more ports and reports knowledge of the collision by trans-
mitting a special collision presence reporting pattern.

12.4.2 Hub Structure. Each hub is functionally divided into two parts: the upward side and the down-
ward side. The upward side is respons1b1e for comblnlng the transm1ss10ns from DTEs and hubs lower in
the netwae : e g ene i efor distribut-
ing the (ombmed 31gna1 (wh1ch is Wrapped around from the upward 51de of the header hub)te each of the
DTEs and hubs below. Except as specified in 12.4.3.2.3 and 12.4.2.6, the two sides function independently.

Therelis an upward input channel and a corresponding downward output channel for-each [DTE or hub
immedidtely below the hub. Although there is no electrical connection between the twollines, they do share
a connedtor and cable (see 12.6 and 12.7) and are collectively known as a hub porti’Each port is accessed
through jan instance of the PMA sublayer referred to as a “port PMA.”

The one output channel from the upward side and the one input channelto the downward gide of a hub
are simi]arly paired and, for all but the header hub, are connected to a port of the next-higher-level hub,
They arg accessed through an instance of the PMA sublayer referred te-as'the “upper PMA.”

NOTE: A huub that includes n hub ports should be called an n-port hub, even though it may have an extra jack for the upper PMA. The
latter conrlection should never be counted as a port, despite common engineering-usage, because it does not meet the| specific defini-
tion of a 1{BASES hub port given above.

each of iks inputs to its single output. If more than onelinput is active, then the Collision Pregence signal

124{2.1 Upward Side. The primary function of the upward side of a hub is to propagate ]Eignals from
alf-bit-time

CP is transmitted instead. In addition, the signals are’retimed to restore the transitions to
boundaries; see 12.4.3.2.5 for the details of retiming;

12.4.2.2 Downward Side. The primary function of the downward side of a hub is to repeat signals
from its jone input to each of its outputs. In‘addition, the signals are retimed to restore the tnansitions to
half-bit-time boundaries; see 12.4.3.2.5 for, the details of retiming.

12.4.3 [Hub PLS Functional Specification. This section provides a detailed model for the Hub PLS
sublayer|

12.4/3.1 Hub PLS to/PMA Interface. The interface between the Hub PLS and the PMA|is the same
as that gpecified in 12.3.2,1 for use between the DTE PLS and the PMA except that the output message
from the|Hub PLS to.the PMA is used to transmit CVL and CVH in addition to CD0 and CD1.

12.4{3.2 Hub_PLS Functions. The Hub PLS sublayer functions consist of three asynchronous func-
tions. These functions are Upward Transfer Jabber, and Downward Transfer. All three functions are
i ted for each
12-15, using

the notatlon descrlbed in 1 2 1. 7

12.4.3.2.1 State Diagram Variables. The variables used in the state diagrams and the correspond-
ing descriptions are the following:

(1) Port Designators: Instances of the PMA sublayer are referred to by index. PMA information is
obtained by replacing the X in the desired function with the index of the PMA of interest. Further-
more, PMAs may be referenced by several special designators used as indices:

X Generic port PMA designator. When X is used in a state diagram its value
: indicates the particular instance of a generic function. ,

222


https://iecnorm.com/api/?name=f1be158f1b5e8fd7304e79a44c09d06a

CSMA/CD

UPPER
ALLPORTS

ALLENABLEDPORTS

ONEPORT

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

Indicates the upper PMA.

Indicates that all port PMAs are to be considered. All port PMAs must meet
a test condition in order for that test to pass.

Indicates that all port PMAs that are not disabled by the Jabber Function
are to be considered. All such port PMAs must meet a test condition in order

~ for that test to pass.

Indicates that all port PMAs that are not disabled by the Jabber Function
are to be considered. One, but not more than one, such port PMA must meet

>ONEP

RT

a test condition in order for that test to pass.

Indicates that all port PMAs that are not disabled by the Jabbe

(2) Por
PORT(T

t Functions:

estCondition)

(3) Input Variables:

INPUT(

input(X

X)

probatidn_alternative

(4) Ou

output(l

output_]

iput Variables:
)

dle(X)

(5) In

rProcess Flags:

are to be considered. Two or more such port PMAs must meeta
tion in order for that test to pass.

Defined by the PORT function on exiting from the UPWARD ID]
Fig 12-13. It indicates which port PMA caused the exit from the
IDLE state.

r Function
test condi-

LE state of
UPWARD

Returns the index of a port PMA passing the indicated test condition. If mul-

tiple port PMAs meet the test condition;the PORT function will
and only one of the acceptable values:

return one

Indicates the state of activity on the designated PMA input chantel. It may

be either “idle” or “active;2The former indicates that input_idle i
the latter indicates that it is not asserted.

asserted;

Used to receive an\input message (see 12.3.2.1) from the designated PMA

input channel.

Used to distinguish between the two allowed alternatives for ¢
JABBER'JAM state of Fig 12-14 when an active port becomes
implementor of a hub may treat the variable as either true or fals

xiting the
idle. The

W

Used to send an output message (see 12.3.2.1 and 12.4.3.1) to the designated

PMA output channel.

Used to send an output_idle message (see 12.3.2.1) on the design
output channel.

lated PMA

send_collision

jabber_collision

disable_input(X)

Used by the Upward Signal Transfer Function to indicate a series of output
messages to the upper PMA sublayer, the effect of which is to transmit the

~ CP signal, as described in 12.3.2.4.2, 12.3.2.4.3, and 12.4.3.2.7.

Used by the various instances of the Jabber Function to signal the Upward

Signal Transfer Function that CP should be generated.

"Used to disable the designated PMA input channel. The input is re-enabled

when disable-input(X) is no longer asserted. Only the Upward Signal Trans-

PORTS, ONEPORT, and >ONEPORT designators).
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jabberTimel Used by the Jabber Function (see 12.4.3.2.3) to detect excessively long trans-
missions. It is started by “start_jabberTimel.” “jabberTimel_done” is satis-
fied when the timer has expired.

jabberTime2 Used by the Jabber Function (see 12.4.3.2.3) to determine when to disable
ports due to excessively long transmissions. It is started by
“start_jabberTime2.” “jabberTime2_done” is satisfied when the timer has
expired. ‘

12.4.3.2.2 Upward Signal Transfer Function. The Upward Signal Transfer Function combines
signals from the various port inputs and passes them on to the upper output. It also detects and reports
collisions as appropriate. The state diagram of Fig 12-13 depicts its operation.

PowerOn
K
UPWARD IDLE

¢ output__idle (UPPER)

INPUT(ONEPORT)=active INPUT(>ONEPORT)=active
:[N<=PORT(INPUT =active)]

UPWARD ACTIVE

" o output{UPPER)=input(N)

INPUT(N)=idle INPUT(>ONEPORT) = active
*Jabber__collision +, jabber___collision

UPWARD COLLISION

o e i S iy ey W — ——r v —— — o

¢ send__collision

INPUT(ALLENABLEDPORTS) = idle
*jabber—cotlision

Fig 12-13
Hub PLS Upward Transfer Function

Signalflgre propagated upward according to the following rules, except as controlled by the J hbber Func-
tion (see'32:4-3-2:3):

L4 U)

(1) IfIDLis present on all port inputs, then transmit IDL.

(2) IfIDL is present on all but one of the port inputs, then repeat the signal received from that one line.
If that one signal is CP, then a hub may generate its own CP signal instead of repeating the received
CP gignal.

(3) If two or more inputs are active (non-IDL) at the same time, then transmit CP and continue trans-
mitting CP until all inputs indicate IDL again.

Whenever the hub finishes transmitting CP, it shall then transmit IDL, including the extended HI
period.
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12.4.3.2.3 Jabber Function. The Jabber Function detects abnormally long transmissions and takes
appropriate action to abort them. The state diagram of Fig 12-14 depicts its operation.

PowerOn

i 3
. JABBER IDLE

——— . Y —— —— — - —— ———

INPUT(X)=active I

JABBER WATCH

o start__jabberTime1
* start__jabberTime2

INPUT(X)=idle 1jabberTime1_done'INPUT(X)=active

JABBER JAM

® jabber__collision

*INPUT(X)=idle *INPUT(X)=active)
+(probation._alternative'INPUT(X)=idle)

JABBER SHUTOFF

probation__.alternative l((jabbeﬂ' ime2__done+INPUT(UPPER)=idle)

e disable__input(X)

INPUT(X)=active* INPUT(UPPER)=active T 1 INPUT(X)=idle
JABBER PROBATION

s disable__input(X)

INPUT(X)=active"INPUT(UPPER) =idle

Fig 12-14
Hub PLS Jabber Function for Port X

Two timeérs are used by the Jabber Function. They may be implemented either as local timerp for each
instance of|the’Jabber Function or as global timers shared by all instances. Furthermore, becauge the two
timers are always started concurrently, an implementation may share circuitry between the two.

The first timer is started by “start_jabberTimel” and asserts “jabberTimel_done” after 25 to 50 ms since
starting. If implemented as a single global timer, assertion of start_jabberTimel by any instance of the
Jabber Function with any other instance(s) still waiting for that timer shall not restart the timer, thereby
shortening the waiting period for the latest instance.

Similarly, the second timer is started by “start_jabberTime2” and asserts “jabberTime2_done” after 51 to
100 ms since starting. If implemented as a single global timer, assertion of start_jabberTime2 by any
instance of the Jabber Function with any other instance(s) still waiting for that timer shall not restart the
timer, thereby shortening the waiting period for the latest instance. Furthermore, if this second timer is
implemented as a single global timer, then assertion of start_jabberTimel by any instance of the Jabber
Function with any other instance(s) still waiting for just the second timer (in the JABBER JAM state) shall
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be treated as if the first timer expires immediately (asserting jabberTimel. done) for the latest instance,
thereby causing that instance to join the other instance(s) waiting for the second timer.

Hardware within the upward side of a hub shall provide a window of 25 to 50 ms, during which time a
normal packet or CP sequence may be propagated upward. If any port input (or, as an alternative imple-
mentation, the hub’s combined upward signal) exceeds this duration without becoming idle, then the hub
shall switch to transmitting CP until 51 to 100 ms after the beginning of the window and then, if that input
is still active, disable that input (or all nonidle inputs) until it once again becomes active while the down-
ward side is idle. ,

The “probation_alternative” input variable is used to distinguish between the two allowed alternatives
for exiting the JABBER JAM state of Fig 12-14 when an active port becomes idle. The implementor of a
hub may treat the variable as either true or false. If true, the port will enter the JABBER PROBATION
state (via the JABBER SHUTOFTF state); if false, the port will instead return to the JABBER IDLE state.

12.4.3.2.4 Downward Signal Transfer Function. The Downward Signal Function xlepeats signals
from the upper input to the various port outputs. The state diagram of Fig 12-15 depicts(its‘gperation.

PowerOn -

'}

DOWNWARD IDLE

D W G D R D - S S — v -

* output__idle(ALLPORTS)

INPUT(UPPER)=active

DOWNWARD ACTIVE

* OUtpU(ALLPORTS) = input{UPPER)

INPUT(UPPER)=idie

Fig 12-15
Hub PLS Downward Transfer Function

The downward side of a hub may detect the Collision Presence signal at the upper input and generate its
own CP signal to betransmitted at the port outputs (in place of repeating the received CP signal).

Whenever the hub finishes transmitting CP, it shall then transmit IDL, including the extended HI
period

12.4.3.2.5 Retiming (Jitter Removal). Each side of each hub shall retime any clockdd signals that
it propagates so that the transitions occur on half-bit-time boundaries, thereby avoiding accumulation of
excessive jitter. Such retiming shall preserve the sequence of CD0, CD1, CVL, and CVH symbols being
propagated.

If an ambiguity exists in the incoming bit cells due to excessive noise or jitter, than the appropriate side
of the hub may either switch to generating CP or replace the erroneous bit cell with an arbitrary combina-
tion of half or whole bit cells:

-Retiming also accounts for differences (if any) in clock rates between that used to send bit cells to the hub
and that used to send them out from the hub. Excessive differences in clock rates (caused by clocks not
meeting 12.3.2.4.1) and excessively long packets (caused by exceeding maxFrameSize) may each cause the
capacity of the retiming function to be exceeded. In such circumstances, the appropriate side of the hub
may either switch to transmitting CP or add or delete half or whole bit cells as needed.
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Whenever bit cells are added, deleted, or replaced, the hub shall maintain synchronization of the outgo-
ing bit cells to a half or whole bit cell boundary. Furthermore, it shall not generate periods of more than one
bit time without a transition.

12.4.3.2.6 Header Hub Wrap-Around. For each particular network configuration, one hub oper-
ates as the header hub and all others as intermediate hubs. It is suggested, but not required, that hub
implementations be capable of being used for either purpose. Methods for switching between these two
modes are beyond the scope of this standard.

For an intermediate hub, the upper output shall be connected to a port input of the next higher-level hub
and the upper input shall be connected to a port output of a higher-level hub.

For the header hub, the upper output shall be connected to the upper input. This wraparound may
appropriately bypass parts of the PMA specification so long as the resulting implementation is functionally
equivalent to one with a wired connection. For example, signals internal to the hub need not be translated
11 not be

necessary t
side of the s

to the corre£ponding external levels and then translated back to internal levels. Similarly, it sha

12.4.9
through 12,
preceding s;
required.

A hub ma|
than one bit
the precedin
synchronize
1LH10, LH]

12.4.3.3
least 45 000
should be d
Furthermor

retime the wrapped signal twice, once in the upward side and then again in the)d(
me header hub; a single retiming is permissible.

3.2.7 Collision Presence Startup. When a hub starts generating CP (as-specified in 1
1.3.2.5) it shall synchronize the startup to a half or whole bit-cell boundary of any im
jgnal. If it was sending IDL immediately before the CP, no synchronization or pre

ywnward

2.4.3.2.2
ediately
mble is

y start transmission of CP at any point in the sequence that does not result in period

01, H101L, 101LH, or 01LH1.

hours of operation. Hubs, including the associated connectors and other passive co
bsigned to minimize the probability that, a’particular failure results in total networl
e, the port electronics of each hub should'be designed so as to minimize the probability,

failure of onfe port prevents communication by equipment attached to the other ports.

12.5 Physid

12.5.1 Ov|
The relation
nects the Pl

12.5.2 PL
12.3.2.1 for

al Medium Attachment (PMA) Specification
prview. This section definés'the Physical Medium Attachment (PMA) sublayer for
S sublayer to the Medium Dependent Interface (MDI).

S-PMA Interface. The interface between the PLS and the PMA sublayers is spe
PDTEs and in 12.4.3.1 for hubs.

12.5.3 Signal Characteristics

12.5.3.1
cable meeti

Transmitter Characteristics. Transmitters should operate properly when loaded {

of more

time without a transition during the switch from passing on data to sending CP. Depending on
g signal, it may start with LO10H, 010HL, 10HLO, 0HLOI,.or HL010. Because startup may be
d to any half-bit-cell boundary, a hub may also transmitthe shifted version of CP starting with

Reliability., Hubs shall be designed to provide a mean time between failure (MTBF) of at

onents,
c failure.
that the

| BASES.

ship of this specification to the entire standard is shown in Fig 12-16. The PMA sublayer con-

cified in

with any

approximate the boundary conditions of such loadin

two spe-

cific test loads are specified. Transmitters shall meet all requirements of this section when connected to
both the “light” (115 Q) load shown in Fig 12-17 and the “heavy” (approximately 80 Q) load shown in
Fig 12-18. It is expected that transmitters that perform correctly with these two loads will also perform
acceptably under intermediate loading conditions.

12.5.3.1.1 Differential Output Voltage. For simplicity of explanation, the text and figures of this
section describe the differential output voltage in terms of voltage magnitudes. The requirements of this
section apply to the negative pulses as well as the positive ones.
Beginning with the second bit of the preamble (or CP, if no preamble is present), pulses of duration BT/2
shall meet the conditions of Fig 12-19. Pulses of duration BT shall meet the conditions of Fig 12-20. After
the zero-crossing, the output shall exceed the voltage of a signal rising from the zero-crossing to 2.0 V with
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OSsi JEEE 802.3 CSMA/CD
REFERENCE MODEL ~ LAN MODEL
]

) ]
| HIGHER | HIGHER |
| LAYERS LAYERS

[ e
SESSION 1 JLOGICAL LINK|
1 ]| CONTROL

1 MAC
TRANSPORT |/ Agg‘é'é‘s

! CONTROL

,’ [ PLS V
NETWORK |, /| PHYSICAL HUB PLS
i/ | SIGNALING

DATA LINK |/

. MDI
MEDIUM PORT| ... | PORT |UPPER
PHYSICAL DEPENDENT MD! mDi | MDI

| INTERFACE

CONNECTION TO
OTHER STATIONS OR
LOWER-LEVEL HUBS

OPTIONAL
CONNECTION TO
HIGHER-LEVEL HUB

Fig 12-16

Physical Medium Attachment, Relationship to the OSI Reference Model
and the IEEE 802.3:CSMA/CD LAN Model

15 @

Fig 12-17
Simulated Light Load

a slope bf-magnitude20-mV/ns-The-output-shall remain 2 i are the next, zero-
crossing. The peak output voltage shall not exceed 3.65 V. While falling from 2.0 V to the zero-crossing, the
signal shall exceed the voltage of a signal falling from 2.0 V to the zero-crossing with a slope of magnitude
20 mV/ns. A ‘ :

For pulses of duration BT, the average voltage that appears from 100 ns after the zero-crossing through
BT/2 shall be between 0.95 and 1.8 times the average voltage that appears from time BT/2 through 100 ns
before the following zero-crossing. Similarly, for pulses of duration BT, the peak voltage that appears from
100 ns after the zero-crossing through BT/2 shall be between 0.95 and 1.8 times the peak voltage that
appears from time BT/2 through 100 ns before the following zero-crossing. ‘
NOTE: The purpose of the above restrictions on average and peak voltages is to avoid transmitter waveforms that peak excessively

during the second half of signals of duration BT, resulting in excessive jitter at the receiver. Some equalization to produce slight droop
in the second half of signals of duration BT, on the other hand, may help decrease jitter at the far end of long cables.
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[ | l
0022 uf
180 Q 150 Q
O
Fig 12-18
Simulated Heavy Load

2.0V

20 mVins

20 mV/ns

- 100 |

3.65V

BT/2, nominal
Fig 12-19

Differential Output Voltage, Nominal Duration BT/2 .

e 100 o

. 100 ]
ns

BT, nominal
Fig 12-20

Differential Output Voltage, Duration BT
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The amplitude of the power spectrum at the output of the transmitter for all possible sequences of sig-
nals shall not exceed that produced by an idealized transmitter sending corresponding rectangular wave-
forms with magnitude 365 V at any frequency.

When a transmitter enters the idle state, it shall maintain a minimum differential output, voltage of
2.0 V from 100 ns through 2BT after the last low-to high transition, as illustrated in Fig 12-21. The differ-
ential output voltage shall then fall to 1.1 V within 3BT after that same low-to-high transition. Starting
when the differential output voltage first reaches 1.1V, the magnitude of the output voltage driven into the
test loads indicated in Figs 12-22 and 12-23 shall then remain within the limits indicated in Fig 12-21 until
the transmitter leaves the idle state.

The transmitter output at the start of idle may exhibit overshoot, ringing, slow voltage decay, or a combi-
nation thereof due to the following factors:

(1) Change in transmitter source impedance between the active and idle states

(2) [Difference in the magnitudes of the differential output voltage between the high ahd low output
states (AVOD)

(3) [Waveform asymmetry at the transmitter (AT)

(4) [Transmitter and receiver (transformer) inductance (L)

NOTE: The contribution to the undershoot from each of these can be computed with the following equations:
Vavh, =*AVop -Ropr /2Ron
VAT * (iAT/ 1000 ns)~Vp . ROFF /RON
v, ={Vp- ( 1— o275 us/{Lp/Ron) ) Ropp /Roy
where:
Rory = Rsrc.orr|Re
Ron = Rsrcon|Re
Rgrdorr = source impedance (Q) when the driver is off
Rgrdon = source impedance (Q) when the driver is on
R;, 5load impedance (Q)
Lp =[combined inductance (uH) of the transmitter and receiver transformers
AVpy) = difference (V) in magnitude of the HI and LO, output voltages
AT =@asymmetry of the waveform equals the differerice between the average HI and average LO pulse widths

(ns) at the transmitter
Vp =|maximum output voltage (V) during the start of IDL

NOTE: The waveform shown in Fig 12-21 and the equations in the preceding note apply to a transmitter connected tp the test loads of
Figs 12-22 and 12-23. An actual receivér may present a more complex termination impedance and so the undershoot or overshoot may
exceed that encountered with the test loads. .

12.5.3.1.2 Qutput Timing Jitter. The transmitted sighal zero-crossings shall deviatg from the ide-
alized zero-crossings by no more than + 10 ns.

12.5.3.1.3 Transmitter Impedance Balance. The longitudinal to metallic impedance balance of
the transmitter, defined as 20 log;((E;est/Egir), Where Eiqq is an externally applied ac voltageg, as shown in
Fig 12424, shall exceed 44 dB at all frequencies up to and including 4BR in the idle and nonidle states.

ve wavemeter or
hing of the 400 Q

NOTE: It ‘may be d1fﬁcult to measure the transmltter 1mpedanoe balance in the nomdle state A frequency-select

ASUTEME
resistors) must exceed that requlred of the transmltter

12.5.3.1.4 Common-Mode Qutput Voltage. The magnitude of the total common-mode output volt-
age of the transmitter, E_,,, measured as shown in Fig 12-25, shall not exceed 300 mV.
NOTE: The implementor should consider any applicable local, national, or international regulations and standards concerning RF

emission. Driving unshielded twisted pairs with high-frequency common-mode voltages may result in interference to other equip-
ment.

12.5.3.1.5 Common-Mode Tolerance. Transmitters shall meet the requirements of 12.5.3.1.1 and
12.5.3.1.2 even in the presence of common-mode: sinusoidal voltage E.n (as shown in Fig 12-26), of + 20 V
peak at frequencies from 40 kHz through 6BR.
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Fig 12-21
Transmitter Waveform for Idle

o o
150 1700 puH 96 Q 3000 pH
[, O . |
Fig 12-22 : Fig 12-23
Start-of-Idle Test Load #1 Start-of-Idle Test Load #2
4009
TRANSMITTER>Ed“ 100Q
400 Q
l Eqest
S
Fig 12-24

Transmitter Impedance Balance
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479

TRANSMITTEI> . T

/ 479 D
/ 5000  Egp

| S

L

Fig 12-25
Common-Mode Output Voltage

4009

TRANSMITTEF> 1000

400Q

|

£

Fig 12-26
Transmitter Common-Mode Tolerance

ansmitterFs idle, shall tol-
erate the apphcatmn of short c1rcu1ts across thelr outputs for an mdeﬁmte perlod of time without damage
and shall resume normal operation after such faults are removed. The magnitude of the current through
such a short circuit shall not exceed 300 mA.

‘Transmitters, both when idle and when nonidle, shall withstand, without damage, a 1000 V common-
mode impulse of either polarity, applied as indicated in Fig 12-27. The shape of the impulse shall be 0.3/
50 us (300 ns virtual front time, 50 us virtual time of half value), as defined in IEC Publication 60 (see Ref-
erence [11]).

NOTE: Tolerance of, and recovery from, the application of the telephony voltages described in 12.10.2 is optional, but the safety
requirements of that section are mandatory.
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(TRANSMITTER
OR
RECEIVER)

i}

Fig 12-27
Common-Mode Impulse Test

12.5.3.2| Receiver Characteristics

12.5.3.2.1 Differential Input Voltage. The receiver shall operate properly when a signal|meeting
the minimum magnitude requirements of Fig 12-28 is received. When less than 300 mV, the magnitude of
the voltage will exceed that of a straight line through the nearest zero-crossing with slope of nglrgnitude
9 mV/ns. Thht is, the average slew rate near each zero-crossing will exceed 9 mV/ns. The magnitufe of the
voltage will plso remain at or above 1.0 V for some period lasting at least 150 ns (650 ns for pulses| of dura-
tion BT) that starts within 250 ns of the preceding zero-crossing and its peak will be at least 1.1 V]

BT/2 (or BT), nominal

Fig 12-28
Receiver Signal Envelope

12.5.3.2.2 Input Timing Jitter. Receivers shall operate properly with zero-crossing jitter of up to
+ 32 ns from the ideal.
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12.5.3.2.8 Idle Input Behavior. The IDL condition shall be detected within 1.8 bit times of the last
low-to-high transition at the receiver.
NOTES: (1) It is necessary to distinguish CVH from IDL.

(2) System jitter considerations make it impractical to detect IDL (<etd>, end-of-transmission delimiter) any sooner than 1.3 bit
times. The specific implementation of the clock recovery mechanism, or equivalent, determines the lower bound on the actual IDL
detection time. Adequate margin should be provided between the lower bound and 1.8 bit times.

The receiver shall take precautions to ensure that the HI-to-silence transition of the start of IDL is not
falsely interpreted as a silence-to-nonidle transition, even in the presence of signal droop, overshoot, ring-
ing, slow voltage decay, or a combination thereof due to capacitive and inductive effects in the transmitter,
cable, and receiver, including those discussed in 12.5.3.1.1.

To this end, a receiver in a hub shall treat its input as if it were idle for between 20 and 30 us after
detecting IDL. The timing of this “protection” period for the port PMAs may use a single timer that is
started when all ports have become idle or disabled by the Jabber Function. Receivers in DTEs may
includg a similar protection period of up to 30 us.

NOTE: The protection period is required in hubs because erroneously interpreting the start-of-idle as a new{ransntission will result
in propagation of the error to DTEs, despite any precautions taken in those DTEs. The protection period is ‘optionalfin DTEs because
any implementation error in a DTE will affect only that particular DTE.

12.5.3.2.4 Differential Input Impedance. The (complex) differential ‘input impg¢dance of the
receiver, Z eeiverr Shall be such that the reflection attenuation, defined as 2010810 (| Z eceiver [FZcabie | /| Zre- '
ceiver — Leable | ), where Zga1. is the differential characteristic impedance of the attached cable, exceeds 16 dB
over thie range BR/2 through 2BR for all cables meeting the requirements.of 12.7.2.

12.5.3.2.56 Common-Mode Rejection. Receivers shall ‘assume the proper output state for any dif-
ferentipl input signal, E,, that results in a signal, Eg;, that meets 12.5.3.2.1 and 12.5.3.2.2, even in the

presenge of common-mode sinusoidal, voltages, E.y, (as shown in Fig 12-29), of +20 V peak at frequencies
from 40 kHz through 6BR.

—AAAA |
4000 7
E : Eagit RECEIVER
' 4000 i |
m .

470
EC
L—AAA-
a0 1
Fig 12-29

Receiver Common-Mode Rejection

v

1

12.5.3.2.6 Noise Immunity. Receivers shall meet the following limits on average error, rates when
the noise described in 12.7.4 is added to the signals described in 12.5.3.2.1 and 12.5.3.2.2:

(1) When nonidle, the receiver error rate shall not exceed one errorin 108 bité.
(2) When idle, a receiver used in a DTE shall not falsely detect carrier more than one in 100 s.
(3)  When idle, a receiver used in a hub shall not falsely detect carrier more than once in. 1500 s.

NOTE: Receivers whose inputs include a 2—4 MHz, 2-pole, low-pass, Butterworth filter and a 560 mV squelch level will meet this last
requirement for idle-mode noise immunity yet still perform properly with the weakest signal allowed by 12.5.3.2,1.
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12.5.3.2.7 Receiver Fault Tolerance. Receivers shall tolerate the application of short circuits
across their inputs 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 either polarity, applied
as indicated in Fig 12-27. The shape of the impulse shall be 0.3/50 s (300 ns virtual front time, 50 us vir-
tual time of half value), as defined in IEC Publication 60 (see Reference [11]).

NOTE: Tolerance of, and recovery from, the application of the telephony voltages described in 12.10.2 is optional, but the safety
requirements of that section are mandatory.

12.6 Medium Dependent Interface (MDI) Specification

12.6.1 Line Interface Connector. 8-pin connectors meeting the requirements of Section 3 and Figs 1
through 5 of ISO/DIS 8877 (see Reference [16]) shall be used as the compatibility interface between the
PMA and tHe medium. The use of other types of connectors, if any, within a PMA or within the jmedium,
although ngt explicitly prohibited, is outside the scope of this standard.

12.6.2 Copnector Contact Assignments. The contacts of the connectors, as depicted in' Figs 112-30 and
12-31, shall|correspond to signaling circuits as indicated below:

Contact Signal
Upward Data+ (positive for HI signal)

Upward Data— (negative for HI signal)
Downward Data+ (positive for HI signal)
not used by 1BASEb5

not used by 1BASES

Downward Data— (negative for HI signal)
reserved

reserved

0 -1 T W=

For DTEg and the upper MDI of hubs, contacts 1 .and 2 are used for transmitting and contacty 3 and 6
are used for[receiving. For the port MDIs of hubs, however, contacts 1 and 2 are used for receiving|and con-
tacts 3 and § are used for transmitting.

T

2345678

17

~ Fig12-30 , Fig 12-31
DTE and Hub Connector Cable Connector

12.6.3 Labeling. To distinguish 1BASE5 connectors from those used for other purposes, it is recom-
mended that appropriate labels be affixed to wall outlets and other connectors. This is particularly impor-
tant in environments in which the specified 8-contact connectors are used for more than one purpose.
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12.7 Cable Medium Characteristics

12.7.1 Overview. A significant number of IBASE5 networks are expected to utilize in-place building wir-
ing. In this environment, DTEs connect to wall outlets using twisted pair telephone cord. The wall outlets,
in turn, connect to wiring closets, where hubs could be located, using standard telephone wiring. This wir-
ing typically consists of 0.4-0.6 mm diameter (2622 gauge) unshielded twisted pairs.

12.7.2 Transmission Parameters. Each wire pair used to interconnect DTEs and hubs shall meet the
requirements of 12.9.3 and also have the following characteristics.

12.7.2.1 Attenuation. Total cable attenuation between a transmitter and the corresponding receiver
shall be no more than 6. 5 dB at all frequencles between BR/2 and BR, 9.2 dB at frequencies between BR

12.7.2.2 Differential Characteristic Impedance. The magnitude of the differential |characteristic
impedance at frequency BR, Zgg, of each wire pair used shall be between 80 Q and 115 Q. In addition, the
magnifude and phase angle of the characteristic impedance at each of the following frequencies shall be
within| the corresponding ranges indicated:

Magnitude Phase Angl
Hrequency Minimum Maximum Minimum Maximum
BR/4 ZBR ZBR +7Q -10° 0°
BR/2 ZBR Zpp+ 5 Q -8° 0°
BR ZnR 78R -6° 0°
2BR Zpr—4Q ZnR —4° 0°
4BR Zpr -5 Q 78R -3° 0°

.7.2.3 Medium Timing Jitter. Intersymbol interference and reflections due to impedance mis-
matches between the sections of a cable seginent can introduce jitter in the timing of the gero-crossings.
A cable segment terminated in 96 Q shall\add no more than + 17 ns, referenced to the transmit clock, of
edge jitter when driven with a rectangular signal of magnitude 2.5 V through a source impedance 22 Q.
The driving signal shall be a Manchester-encoded pseudo-random sequence of data with a repetition period
of at ldast 511 bits.

the requirements of 12.7.2.2) will net contribute significantly to timing jitter if the splice is within 10 m of either en
(2) Branches off a wire pair (often referred to as “bridged taps” or “stubs”) will generally cause excessive jitter
avoided.

(3) Jitfer can be measured at the receiving end of a segment using an oscilloscope. The oscilloscope is triggered ¢n zero-crossings;
the deviation of subseguent zero-crossings from multiples of BT/2 is then observed. The deviation of each zero-crossing must not
exceed 34 ns.

NOTES] (1) The reflections caused by splicing two cable sections that have different characteristic impedances (bltt that each meet

nd so should be

12.7.2,4 Dispersion. Each wire pair shall produce an output signal that meets the zeroicrossing edge
rate dgseribed in 12.5.3.2.1 when driven with a 1 MHz trapezoidal signal of magnitude 2.0 V|(that is, 4.0V
peak-to-peak) with edge rate 20 mV/ns.

12,7.3 Coupling Parameters. To avoid excessive coupling of signals between pairs of a cable, the
crosstalk and imbalance must be limited.

Crosstalk attenuation is specified with the far end of both the disturbed and the disturbing pairs and the
near end of the disturbed pair terminated in 96 Q.

12.7.3.1 Pair-to-Pair Crosstalk. The near-end, differential, crosstalk attenuation between each wire
pair and each other pair in the same cable shall be at least 45 dB frequencies up to BR and at least 45 — 15
log1o (/BR) dB for each frequency f between BR and 4BR.
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12.7.3.2 Multiple-Disturber Crosstalk. The near-end, differential, crosstalk attenuation between
multiple disturbing wire pairs and a disturbed pair in the same cable shall be at least 38.5 dB at frequency
BR and at least 38.5— 15 log;, (/BR) dB for each frequency f between BR and 4BR.

When two or more disturbers are present in a common cable sheath, the multiple-disturber, near-end,
crosstalk attenuation (MDNEXT) into each pair, measured in dB, may be determined using the following
equations:

H, =Y 10

i#j

-X../20
Xy )coseh.

=Y 107X g3y eﬁ

i#j

MDNEXT; = 10log,,(H}+V?)
where:

iiterates pver each disturbing pair
jis the di‘il“iurbed pair

X;; is the magnitude of the near-end, differential, crosstalk attenuation from pair i to pair j
6; is the pghase angle of the near-end, differential, crosstalk attenuation from pair i to pair j

If only thI probability distribution of X;; is known, then the distribution of MDNEXT can be determined
using Mont¢ Carlo methods with that Xj; distribution and a phase angle uniformly distributed between 0
and 27 rad.

NOTE: See Appendix A3 for example computations of MDNEXT distributions!
12.7.3.3 Balance. The longitudinal to metallic balance of the cable, defined as 20 logyy (Efs/ 2E,),

where E,.; is an externally applied voltage, as showndn Fig 12-32, shall exceed 44 dB at all frequgncies up
to 4BR.

NOTE: The bajance of the test equipment (such as the balance of the transformer and the matching of the 300 Q resigtors) must
exceed that required of the cable.

1

fur |
|

e
"—
-

Fig 12-32
Cable Balance Test
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12.7.4 Noise Environment. Links used with 1BASES5 shall provide a noise environment no worse than
that described below. The total noise environment generally results from two primary contributions: self-
crosstalk from other 1BASE5 wire pairs and externally induced impulse noise, typically from telephone
ringing and dialing signals, and office machinery. For the purposes of this standard, it can be assumed that
the two components contribute independently and so the total error rate can be appropriately split between
the two.

12.7.4.1 Impulse Noise. The noise voltage on wire pairs terminated at both ends in 96 Q, as measured
through the following specified filters, shall not exceed the corresponding threshold voltages more than 9
times per 1800 s interval. Following the start of any particular impulse that is counted, any additional
impulses shall be ignored (that is, not counted) for a period of 100 us. Each filter is a 2-pole Butterworth
low-pass filter with the indicated cut-off (3 dB point) frequency:

Cut-Off Frequency Threshold
2 MHz 170 mV
4 MHz 275 mV
10 MHz 560 mV

The Impulse noise occurrence rate changes inversely by one decade for each 7-dB change in|the threshold
voltagd. That is, if the noise occurrence rate is 9 counts per 1800 s at a particular threshold vpltage, then a
rate of|9 counts per 18 000 s will occur at a threshold 7 dB above that yvoltage. If a count rate of N counts
per 1800 s is measured on a specific cable and filter at the specified voltage threshold, the medlia noise mar-
gin is '] logy¢ (9/N) dB.

12{7.4.2 Crosstalk. The level of crosstalk noise on a pair(depends on the level of the :Esturbing sig-
nal(s) and the crosstalk attenuation from the pair(s) carrying the signal(s). With the maximpum transmit
level s{'e‘(\:iﬁed in 12.5.3.1, the sinusoidal crosstalk attenuations specified in 12.7.3.1 and 12.7(3.2, and mul-
tiple, synchronized, random Manchester disturbers, the peak self-crosstalk (that is, crosstalk from other
1BASH5 signals) noise levels, as measured through the following specified filters, shall bg less than or
equal to the levels indicated below. Each filter ista 2-pole Butterworth low-pass filter with the indicated
cut-off [3 dB point) frequency.

ut-Off-Frequency Level
2 MHz 105 mV

4 MHz 160 mV

12.8 Special Link Specification

12.8.1 Overview. Some - 1BASES5 networks may require extengion beyond the limits imposed by 12.7 or,
due to the installation environment, may require special media such as optical fiber, high-grade cable, or
even friee-space transmission. The detailed design of special links that replace standard links for use in
such circumstancés is beyond the scope of this standard, but the end-to-end characteristics axe specified. It
- shall b¢ the responsibility of the supplier to ensure the proper operation of special links with qther 1IBASE5
equipnient.

12.8. ansmissi Ara ri , ecia jitter, and dis-
persion specifications of 12. 7 2.1, 12 7 2.3, and 12.7. 2 4 respectlvely Total noise 1ntroduced due to crosstalk
or other sources shall not exceed that allowed for standard media, as specified in 12.7.4. To the extent that
it affects operability with 1BASES5 transmitters and receivers, special links shall also meet the impedance
and balance requirements of 12.7.2.2 and 12.7.3. The delay and preamble loss allowed for special links is
specified in 12.9.4.

12.8.3 Permitted Configurations. No more than one special link is permitted in the path between any
DTE and the header hub. That is, special links may be installed in parallel but not in series.
NOTE: Special links may be combined with other 1BASE5 components, such as hubs. Such combinations are subject to the perfor-

mance specifications of this standard only as visible at their external interfaces. For example, explicit MDIs are not required internal
to such combinations.
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12.9 Timing

12.9.1 Overview. The successful interconnection of multivendor system components mandates that
delay and bit loss be allocated fairly and realistically among the various system elements. The balance of
this section defines the upper limits of delay and bit loss allocated to each component. These values allow
proper operation with the worst-case system configuration of five levels of hubs, special links, maximum-
length cable segments throughout the network, and colliding DTEs at extremes of the network.

12.9.2 DTE Timing. DTE Initial Transmit Delay is the time from the first full transition (due to the first
OUTPUT_UNIT of preamble) from the MAC to the first full transition (after startup bit loss, if any) at the
MDI. This delay shall not exceed 3BT. The start bit loss shall not exceed 1 bit.

DTEs shall correctly receive frames that are preceded by 13 or more bits of preamble plus 8 bits of <sfd>.

There is a delay between the reception of signal at the PMA input of a DTE and operation of the deferral
process:in I\e MAC. Therefore, there is a window in which a DTE may fail to defer to a transmiskion even

after it has|arrived at the input. The DTE Deference Delay is the time from the receipt of thefirst transi-
tion of the preamble at the MDI until the last moment that the DTE might start transmitting at {the MDI.
This delay includes the following components:

(1) The delay from the first input transition at the MDI to CARRIER_ON at the PL.S-MAC interface

(2) The felay through the MAC processes from CARRIER_ON to the last moment that a new {ransmis-
sion would miss being deferred

(3) The delay from the first OUTPUT_UNIT at the MAC-PLS interface to-the first output trapsition at
the MDI

The DTE|Deference Delay shall be no more than 21BT.
The DTE|Collision Shutdown Delay is the time from the first CVL or CVH arriving at the MDI of a trans-
mitting DTE until that DTE transmits IDL at that interfaeé. This time shall be no more than 26BT +
jamSize=58BT. This limit shall not start until after the <sfd>‘has been transmitted.

12.9.3 Me¢dium Timing. The Medium Transit Delayyis the time from when a signal enters thg medium
until that signal leaves the medium. This delay shall'not exceed 4BT.

12.9.4 Special Link Timing. The Special Link Transit Delay is the time from when a signal enters a
special link|until that signal leaves the special link. This delay shall not, exceed 15BT. The preamble leav-
ing a specidl link shall be no more than 2 bit cells longer than the preamble sent to that special link and no
more than [ bit cell shorter than the preamble sent to that special link. For the purposes of thgse limits
only, the first bit transmitted shall(be considered part of the silence of the preceding IDL unlesj it meets
the requirements for the succeeding bits specified in 12.5.3.1.1 and 12.5.3.1.2.

12.9.5 Hyb Timing. Hub-Startup Delay is the time from when the first bit cell of the preamble arrives at
a hub until [the first bit cell (also preamble) leaves that hub. This time shall be no greater than 12BT. The
preamble s¢nt by a hub shall be no more than 1 bit cell longer than the preamble sent to that huly or more
than 4 bit cells shorter than the preamble sent to that hub. For the purposes of these limits only] the first
bit transmifted shall be considered part of the silence of the preceding IDL unless it meets the require-
ments for the succeeding bits specified in 12.5.3.1.1 and 12.5.3.1.2.

Hub Idle |Collision Startup Delay applies to any case in which CP arrives preceded by fewer (¢r no) bit
times of preamble than the Hub Startup Delay. The time from arrival of the first bit cell (either preamble
or CP) until the first bit cell leaves the hub shall be no greater than 12BT.

Hub Transit Delay is the time from the arrival of any bit cell at a hub to the transm1ss1on of the corre-
sponding bit cell from the hub. This delay shall not exceed 9BT, excluding the cumulative effects of clock
tolerance.

The transit (propagation) delay between the upward and downward sides of the Header Hub shall be
negligible.

Hub Delay Stretch/Shrink is the increase or decrease in a hub’s transit delay due to the effects of differ-
ing clock rates. The clock rate tolerance of 0.01% specified in 12.3.2.4.1 and the maximum frame size of
1518 octets specified in 4.4.2.2 yield a maximum stretch or shrink of (56 + 8 + 1518 - 8) - 0.01% - 2 < 3BT,
both at any given hub and through an entire network.
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Hub Collision Detect Delay is the time required for a hub to detect multiple incoming signals and initiate
transmission of CP. The time until transmission of the first CVH or CVL shall be no greater than 21BT.

Hub Active Collision Startup Delay is the time from the arrival of the first CVH or CVL of a CP pattern
at a hub that is repeating bit cells until transmission of the first CVH or CVL. from the hub. This delay
shall be no greater than 12BT in either the upward or downward direction.

Hub Collision Shutdown Delay is the time from IDL arriving at a hub that is passing on or generating
CP until that hub starts transmitting IDL. This delay shall be limited to 9BT. The limit is relaxed to 25BT,
however, for the upward side of a hub that is generating CP. This extra allowance is made to avoid requir-
ing implementation of a separate <etd> detection mechanism in each port of the hub.

12.10 Safety. Implementors are urged to consult the relevant local, national, and international safety regu-

lation
additi

Sou
(see Af

12.1
aratio

(1
2)
3

The

[8]), duyring the test. The resistance after the test-shall be at least 2 MQ, measured at 500 V

12.1
that nf
voltag

(1)

)

(3)

hnex [11]) describes safety requirements for local area networks.

D.1 Isolation. Each PMA/MDI interface lead shall be isolated from frame ground. This
h shall withstand at least one of the following electrical strength tests:

1500 V (rms) at 50 to 60 Hz for 60 s, applied as specified in Seetion 5.3.2 of IEC Publi
2250 V (dc) for 60 s, applied as specified in Section 5.3.2 of IEC Publication 950 (see H

A sequence of ten 2400 V impulses of alternating polarity, applied at intervals of nof
The shape of the impulses shall be 1.2/50 us (1.2-48 virtual front time, 50 us virtu
value), as defined in IEC Publication 60 (see Reférerice [11]).

e shall be no insulation breakdown, as defined in Section 5.3.2 of IEC Publication 950
ay connect telephony voltages to,1BASE5 equipment. Other than voice signals (whic

Battery voltage to.an. on-hook telephone line is about ~56 V (dc) applied to the line
anced 400 Q source impedance. This voltage is used to power the telephone instrum
the off-hook condition. Source inductance can cause large spikes on disconnect,

Battery voltage to an off-hook telephone line is also about ~56 V (dc) applied to the
balanced 400 Q source impedance, but most of the voltage appears across the sou
because the telephone instrument’s impedance is relatively much lower.

ngmg voltage is a compos1te s1gna1 The first portion can be up to 175 V peak at 20|

0.2 Telephony Voltages. The use of building wiring brings with it the possibility of

ls] to ensure compliance with the appropriate standards. EIA CB8-1981 (see Annex [12]) provides
nal guidance concerning many relevant regulatory requirements.

hd installation practice, as defined by applicable codes and regulations, shall be followed. ECMA-97

electrical sep-

ration 950 [8].
leference [8]).

less than 1 s.
al time of half

see Reference
de).

wiring errors
h are very low

b), the primary voltages thatmay be encountered are the “battery” and ringing voltages. Although
there is no universal standard thdt constrains them, the following maximums generally app

y:

through a bal-
ent and detect

line through a
rce impedance

to 66 Hz, lim-

e second portion

is —56 V (dc) 11m1ted by a 300 to 600 Q source 1mpedance Large splkes can occur at the start and

end of each ring.

Although 1BASES5 equipment is not required to survive such wiring hazards without damage, apphca-
tion of any of the above voltages shall not result in any safety hazard.

NOTE: Wiring errors may impose telephony voltages differentially across the 1BASE5 transmitters or receivers. Because the termi-
nation resistance likely to be present across a receiver’s input is of substantially lower impedance than an off-hook telephone instru-
ment, however, receivers will generally appear to the telephone system as off-hook telephones. Full ring voltages, therefore, will be
applied for only short periods of time. Transmitters that are coupled using transformers will similarly appear like off-hook telephones
(though perhaps a bit more slowly) due to low resistance of the transformer coil.
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'13. System Considerations for Multisegment 10 Mb/s Baseband Networks

13.1 Overview. This section provides information on building multisegment 10 Mb/s baseband networks
within a single collision domain. The proper operation of a CSMA/CD network requires network size to be
limited to control round-trip propagation delay to meet the requirements of 4.2.3.2.3 and 4.4.2.1, and the
.number of repeaters between any two Data Terminal Equipments (DTEs) to be limited in order to limit the
shrinkage of the interpacket gap as it travels through the network. This section applies only to networks
that contaln 10BASE-T segments.

NOTE: Information on 10BASE-T is included to begin the process of developmg thls section. It is intended that 8.6.1 and 10.7.1 be
merged into this section in the future and that any new 10BASE segmenits be added to this section.

13.2 Definitions. Terminology used in Section 13 is defined here:

within the|same collision domain and both transmit at the same time, a collision will'occur. MAC|sublayers
separated py a repeater are within the same collision domain. MAC sublayers geparated by a bridge are
within different collision domains.

collision domain. A single CSMA/CD network. If two or more Media Access Control (MAC) sublayers are

link segment. The point-to-point full duplex medium connection between two and only two| Medium-
Dependent Interfaces (MDIs).

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

13.3 Transmission System Model. The physical size of-a 10BASE-T network, or mixed-medi& network
containing| L0BASE-T link segments, is constrained by the limits of individual network components. These
limits include the following:

(2) Delay of repeater units (start-up and steady-state).
(8) Delay of MAUSs (start-up and steady-state).
(4) Intgrpacket gap shrinkage.
- (5) Delays within the DTE associated with the CSMA/CD access method.

1) Ca?e length and its associated propagation time delay.

Table 13t1 summarizes the delays for the various network media segments:

Table 13-1
Delays for Network Media Segments

Media Naximum Maxiovum Minimum ot
Segment umoer o egmen edium . Delay per
& MAUs per Length Propagation S t
Type Segment (m) Velocity® e\grrg)en
Coaxial
10BASE5 - . 100 500 0.77¢ 2165
10BASE2 30 185 0.65 ¢ 950
Link
FOIRL . 2 1000 0.66 ¢ 5000
10BASET 2 100t 0.59¢ 1000
AUF 1DTE/1 MAU 50 0.65¢ 257
"¢=38x108 m/s

TActual maximum segment length depends on cable characteristics; see 14.1.1.3.
fAUI is not a segment.
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~In addition, Table 14-1 summarizes the delays for the 10BASE-T MAU; Section 8, the delays for the
10BASE5 MAU; Section 10, the delays for the 10BASE2 MAU; and Section 9, the delays of the fiber optic
inter-repeater link (FOIRL) and the repeater. '
The following network topology constraints apply for 10BASE-T networks as well as mlxed-medla net-
- works containing 10BASE-T link segments:

¢ Repeater sets are required for all segment interconnection.
(2) MAUs that are part of repeater sets count toward the maximum number of MAUs on a segment.
(3) The transmission path permitted between any two DTEs may consist of up to five segments, four
: repeater sets (including optional AUIs), two MAUSs, and two AUISs.

(4) When a network path consists of four repeater sets and five segments, up to three of the segments
may be coaxial and the remainder must be link segments (Figs 13-1 and 13-2). When five segments
are present each FOIRL hnk segment should not exceed 500 m,

(5)

raximum allOwable

length of the FOIRL segments is 1000 m each as spec1ﬁed in 9 9 (F1g 13- 3)
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Maximum Transmission Path with Three Coaxial Cable Segments
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Example of Maximum Transmission Path Using Coaxial Cable Segments,
10BASE-T Link Segments, and Fiber Optic Link Segments
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| Fig 13-3
“Example of Maximum Transmission Path with Three Repeater Sets,
Four Link Segnients (Two are 100 m 10BASE-T and Two are 1 km Fiber)
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