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Abstract: This Local and Metropolitan Area Network standard, ISO/IEC 8802-3 : 1992
[ANSVIEEE Std 802.3, 1992), specifies the media access control characteristics for the
Carrier Sense Multiple'Access with Collision Detection (CSMA/CD) access method. It also
pecifies the mediaf Medium Attachment Unit (MAU) and physical layer repeater unit for
0 Mb/s baseband and broadband systems and provides a 1 Mb/s baseband implementa-
ion. Specifications for MAU types 10BASES5, 10BASE2, FOIRL (fiber optic inter-repeater
ink), 10BROAD36, and 1BASES5 are included. Layer and sublayer interface specifications
re aligned to the ISO Open Systems Interconnection Basic Reference Model and 8802

odels:The 8802-3 internal model is defined and used.
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International Standard ISO/IEC 8802-3 : 1992

ISO (the International Organization for Standardization) and IEC (the
International Electrotechnical Commission) form the specialized system for
.worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International 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 non-
governmental, 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 committee, ISO/IEC JTC 1. Draft International Standards adopted by the

joint technical committee are circulated to national bodies for voting. Publication aj
an International Standard requires approval by at least 75 % of the national bodie
casting a vote.

In 1985, IEEE Standard 802.3-1985 was adopted by ISO Technical Committee 97,
Information processing systems, as draft International Standard ISO/DIS 8802-3.
Following the procedures described above, the Standard was subsequently approved by
ISO and published as ISO 8802-3 : 1989, incorporating ISO 880243/DAD 1 which had
resulted from the adoption by ISO in 1987 of ANSVIEEE Std 802:3a.

A further revision was subsequently approved by ASO/IEC JTC 1 in 1990,
incorporating ISO/IEC 8802-3/Amendments 2 and 5.

This third edition cancels and replaces ISO/IEC 8802-3 : 1990 and incorporates|
" Amendment 3 : Broadband medium attachmient unit and broadband medium
specifications, Type I0BROAD36, which wasapproved in 1990, and Amendment 4:
Physical signaling, medium attachment, ~and baseband medium specifications,
Type 1BASES, approved in'1991.

For the purpose of assigning global addresses, the Institute of Electrical and
Electronics Engineers, Inc., USA; has been designated by the ISO Council as the
Registration Authority. Communications on this subject should be addressed to

Registration Authority for ISO/IEC 8802-3
c/o The Institute-of Electrical and Electronics Engineers, Inc.
445 Hoes Lane
PO Box 1331
- Piscataway, NJ 08855-1331
USA

During-the preparation of this International Standard, information was gathered
on patents upon which application of the standard might depend. Relevant patent
were-identified as belonging to Xerox Corporation. However, ISO and IEC canno
give authoritative or comprehensive information about evidence, validity or scop
of patent and like rights. The patent-holder has stated that licences will be grante

under reasonable terms and conditions and communications on this subject shoutd
be addressed to '

. Xerox Corporation
PO Box 1600
Stamford, CT 06904
USA

""""”“““l“
|

"”llmm,.m., mﬁm[

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 8802-8 : 1992

This standard is part of a family of standards for Local and Metropolitan
Area Networks. The relationship between this standard and the other
members of the family is shown below. (The numbers in the figure refer to ISO
standard numbers.) '

8802-2 DATA

LINK

it . = oy hoe o - s an s - -

88023 88024 8802-5 8802-7 LINK

This family of standards deals with the physical and-data link layers as
defined by the ISO Open Systems Interconnection Basic Reference Model (ISO
7498 : 1984). The access standards define four typeS of medium access tech-
nologies and associated physical media, each appropriate for particular appli-
cations or system objectives. Other types are under investigation.

The standards defining these technologies-are as follows:

(1) ISO/IEC 8802-3 [ANSIIEEE Std-802.3, 1992 Edition], a bus utilizing
CSMA/CD: as the access method,

(2) ISO/IEC 8802-4 [ANSI/IEEE-Std 802.4-1990), a bus utilizing token pass-
ing as the access method, '

(3) ISO/IEC 8802-5 [IEEE Std 802.5-1992),* a ring utilizing token passing as
the access method,

(4) ISO 8802-7, a ring-utilizing slotted ring as the access method.

ISO 8802-2 [ANSI/IEEE Std 802.2-1989], Logical Link Control protocol, is
used in conjunction 'with the medium access standards.

| The reader of this document is urged to become familiar with the complete

family of standards.

The main body of this standard serves for both the ISO/IEC 8802-3 : 1992 and
ANSI/IEEE Std 802.3, 1992 Edition standards. ISO and IEEE each have unique
foreword sections. The Annex applies to the IEEE standard only. The Ap-
pendixes serve as useful reference material to both standards.

* Anticipated publication in Spring 1992.



https://iecnorm.com/api/?name=cdb6b51a953a7441ecbc6077649b38e3

ANSIIEEE Std 802.3, 1992 Edition

IEEE Standards documents are developed within the Technical Committees
of the IEEE Societies and the Standards Coordinating Committees of the IEEE
Standards Board. Members of the committees serve voluntarily and without
compensation. They are not necessarily members of the Institute. The stan-
dards developed within IEEE represent a consensus of the broad expertise on the

subject wathin the Institute as well as those activities outside of 1KkE which halve
expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an)IERE
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
IEEE Standard. Furthermore, the viewpoint expressed at the time)a standard|is
approved and issued is subject to change brought about through,developments|in
the state of the art and comments received from users of(the standard. Evqry
IEEE Standard is subjected to review at least once everydive years for revisipn

changes in documents should be in the form of a proposed change of text, {o-
gether with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning|of
portions of standards as they relate to specific applications. When the need for
interpretations is brought to the attention of IEEE, the Institute will initiate c-
tion to prepare appropriate-responses. Since IEEE Standards represent a cqn-
sensus of all concerned interests, it is important to ensure that any interpreta-
tion has also received the concurrence of a balance of interests. For this reaspn
IEEE and the members of its technical committees are not able to provide an
instant response tointerpretation requests except in those cases where the mat-
ter has previously 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 docoments—are—adopted by the Instituteof Electricatand
Electronics Engineers without regard to whether their adoption may involve
patents on articles, materials, or processes. Such adoptions does not assume
any liability to any patent owner, nor does it assume any obligation whatever to
parties adopting the standards documents,
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Foreword

(This Foreword is not a part of this International Standard or of ANSI/IEEE 802.3, 1992
Edition.)

This standard is part of a family of standards for local and metropolitan
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* Formerly IEEE Std 802.1A.

This family of standards deals with the physical and data link layers as de-
fined by the ISO Open Systems Intercofinection Basic Reference Model (ISO
7498 :1984). The access standards define several types of medium access tech-
nologies and associated physical:media, each appropriate for particular
applications or system objectives: Other types are under investigation.

The standards defining these, technologies are as follows:

* IEEE Std 8021 : Overview and Architecture. This
standard provides an overview to the
family of IEEE 802 Standards. This
document forms part of the 802.1
scope of work.

¢ JEEE Std-802.1D: MAC Bridging. Specifies an archi-
tecture and protocol for the intercon-
nection of IEEE 802 LANs below the
MAC service boundary.

T 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 refer-
ences to IEEE Std 802.
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¢ IEEE Std 802.1E: System Load Protocol. Specifies a set
of services and protocol for those
aspects of management concerned
with the loading of systems on IEEE
802 LANES.

¢ ISO 8802-2 [ANSI/IEEE Std 802.2]: Logical Link Control

s ISONTEC 88023 TANS/IEEE Std 80231 CSMA/CDAccess Method and Phys-

sical Layer Specifications

¢ ISO/IEC 8802-4 [ANSI/IEEE Std 802.4]: Token Bus Access Method and Phys-
sical Layer Specifications

¢ IEEE Std 802.5: Token Ring Access Method and
Physical Layer Specifications

¢ IEEE Std 802.6: Metropolitan Area Network Access|
Method and Physical Layer Specifi-
cations

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

¢ IEEE Std 802.7: | IEEE Recommended Practice for
Broadband Local Area Networks

The reader of thlS document is urged to become familiar with the complete
family of standards.

Conformance Test Methodology

A new standards seriés, identified by the number 1802, has been established
to identify the conformance test methodology documents for the 802 family of
standards. This makes the correspondence between the various 802 standards
and their applicable conformance test requirements readily apparent. Thus
the conformance test documents for 802.3 are numbered 1802.3, the confor-
mance test documents for 802.5 will be 1802.5, and so on. Similarly, ISO will
use 11802 to number conformance test standards for 8802 standards. ‘
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ISO/EC 8802-3 : 1992 (ANSI/IEEE Std 802.3, 1992 Edition)

This edition of the standard defines 10 Mb/s baseband and broadband im-
plementations and a 1 Mb/s baseband implementation of the Physical Layer
using the CSMA/CD access method. It is anticipated that future editions of the
standard may provide additional implementations of the physical layer to
support different needs (for example, media, and data rates).

This standard contains state-of-the-art material. The area covered by this
standard is undergoing evolution. Revisions are anticipated to this standard
within the next few years to clarify existing material, to correct possible jer-
rors, and to incorporate new related material.

Readers wishing to know the state of revisions should contact

Secretary
IEEE Standards Board
Institute of Electrical and Electronics Engineers, Inc
PO Box 1331, 445 Hoes Lane
Piscataway, NJ 08855-1331
-USA

The IEEE 802.3 Working Group acknowledges{and appreciates that many
concepts embodied in this standard are based largely upon the CSMA/CD ac-
cess method earlier described in The Ethernetspecification 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 con-
cepts.
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When the IEEE 802.3 Working Group approved the original standard
(ANSI/IEEE Std 802.3-1985) in 1983, it had the following membership:

Phil L. Arst
Robert F. Bridge

G. J. Clancy
John Davidson
Ralph DeMent
Hank (H. N.) Dorris
Judith Estrin
Richard Fabbri
Ingrid Fromm
Milton C. Harper
Bryan Hoover
George D. Jelatis
Harold W. Katz

Additional individuals who contributed actively in_the dévelopment of the
original standard (ANSIVIEEE Std 802.3-1985) throughout its elaboration were

Juan Bulnes
Ron Crane
Dane Elliot
Alan Flatman
© Maris Graube
Guy Harkins

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

When the IEEE 802,38 Working Group approved ANSI/IEEE Std 802.3a-1988
(Section 10) in Novembeér 1984, it had the following membership:

Donald C. Loughry, Chair

Donald E. Kotas
William P. Lidinsky

Robert S. Printis
Gary S. Robinson
Raoh

William D. Livingston

Andy Luque

Daniel Maltbie
Jerry McDowell

C. Kenneth Miller
Robert L. Morrell
Wendell Nakamine
W. P. Neblett
James Nelson
Thomas L. Phinney
David Potter

Dean Lindsay
Then. T. Lin
Robert Moles
Tony Lauck
Joseph St. Amand
Richard Seifert
NathamTobol

Donald C. Loughry, Chair
Alan Flatman, Chair, Type 10BASE2 Task Force

Gary Stephens
Daniel P. Stokesberry
Ken. F. Sumner
Daniel Sze

Victor J. Tarassow;
P. E. Wainwright
Lyle Weiman
Hugh E. White
Choa-Ping Wu
Nick Zades

MoR. Zonoun

Mark Townsend
Roger Van Brunt
Bo Vicklund
Chris Wargo
Richard Williams
Ron Yara

Menacheih Abraham Guy Harkins Joseph Rickert
R,-V.-Balakrishnan Greg Hopkins Gary Robinson
William Belknap Joe Kennedy Robert Rosenthal
Charles Brill Hiroshi Kobayashi Joseph St. Amand
Juan Bulnes Tony Lauck Walter Schreuer
Stephen Cooper William  Livingston Stephen Soto
Ronald Crane Hugh Logan Gary Spencer
Iohn Davidson Leland Long Robert Summers
Mark Devon Andy Luque Pat Thaler

Phil Edholm Daniel Maltbie Geoff Thompson
Gregory Ennis Steven Moustakas Wendell Turner
Judy Estrin 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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The following persons were on the balloting committee that approved
ANSVIEEE Std 802.3-1985 for submission 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
] Bocker . S _Hollander G Power
E. Bergaimini P. Hutton A. Reddi
Boorstyn P. Induiago M. Repko
A. Carrato T. Ishida F. Restivo
G. Carson d. 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. Samoylenko
C.Chen D. Kirschen B. Sashi
P. Chen R. Kolm A. Sauer
K. Chon T. Kuki N. Schneidewind
R. Chow R. Kunkel 0. Serlin
G. Clinque W. Lai D. Shepard
I Cotton V. Lasker D. Sloyer
D. Cox N. Lau H. Solomon
R. Dedardins 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 dJ. Tourret

" J. Fletcher D. Manchestetr K. Tu
W. Franta M. Marco D. Umbaugh
R. Gagliano D. Matters J. 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



https://iecnorm.com/api/?name=cdb6b51a953a7441ecbc6077649b38e3

The following persons were on the balloting committée that approved
ANSI/IEEE 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
Wesley A. Ballenger, Jr.
Edwardo W. Bergamini
Henk F. Boley

Betty Brannick
George S. Carson

Po Chen

L. Y. Cheung
Kilnam Chon

T. Ricky Chow
David Cohen

Allen F. Conrad

Ira W. Cotton

Robert S. Crowder
Michel Diaz
Mitchell G. Duncan
Philip H. Enslow, Jr.
Judith Estrin

John W. Fendrich
Harvey A. Freeman
Patrick Gonia
Ambuj Goyal
Michael D. Graebner
Maris Graube
Nobuhiro Hamada
Joseph L. Hammond

Paul L. Hutton
Richard Iliff
George D. Jelatis
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

Don C. Loughry
Joseph F.(P; Luhukay
Wo-Shun ‘Luk
Marco Marsan
Joseph Massi
Darrell B. McIndoe
Patrick 8. McIntosh

Kinji Mori

D. J.-Morris

H. T. Mouftah

Dale A. Murray
Ruth Nelson

J. Duane Northcutt
Charles Ostereicher
David Ofsevit
Young-Oh

George Parowski
Thomas L. Phinney
Nikitas Pimopoulos
David Potter

John Potveek

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

S. 1. Samoylenko
Norman F. Schneidewind
Oscar Sepulveda
Omri Serlin

D. Sheppard

R. M, Simmons
David W. Sloyer

When the IEEE Standards Board approved ANSI/IEEE Std 802.3-1988 on
June 9, 1988, and ANSI/IEEE Std 802.3a-1988 (Section 10) on October 20, 1988, it
had the following ‘membership:

Donald C. Fleckenstein, Chair
Andrew G. Salem, Secretary

Arthur A, Blaisdell
Fletcher J. Buckley
James M. Daly
Stephen R. Dillon
EBugene P. Fogarty

John W. Horch

Jack M. Kinn

Frank D. Kirschner
Frank C. Kitzantides
Joseph L. Koepfinger*
FevingKolods:

 Marco Migliaro,Vice Chair

L. Bruce McClung
Donald -T. Michael*
Richard E. Mosher
L. John Rankine
Gary ‘S. Robinson

"i‘?li)maséz.l Hannan
Kenneth D. Hendrix
Theodore W. Hissey, Jr.

*Member emeritus

Edward Lohse i
John E. May, Jr.
Lawrence V. McCall

Helen M. Wood
Karl H. Zaininger
Donald W. Zipse
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ANSIIEEE Std 802.3-1988 and ANSI/IEEE Std 802.3a-1988 were approved by
the American National Standards Institute on January 12, 1989.

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, Repealer Task Force

Menachem Abraham
Keith Albright
R. V. Balakrishnan
William Belknap
Richard Bennett
Charles Brill
Juan Bulnes
Stephen Cooper
Paul Eastman
Phil Edholm
Gregory Ennis
Alan Flatman
Richard Fransen
Ingrid Fromm
Robert Galin

. Sharad Gandhi
Rich Graham
Richard Gumpertz

Hacene Hariti
Guy Harkins
Fred Huang
Stephen Janshego .
Donald Johnson
Kwi-Yung Jung
Paul Kellam

Joe Kennedy
Hiroshi Kobayashi
Lee LaBarre

Tony Lauck

John Laynor
William Livingston
Terry Lockyer
James Lucas
Andy Luque
Daniel Maltbie
Steven Moustakas
Lloyd Oliver

Aidan Paul
David Potter
Eric Rawson
Joseph Rickert
Gary Robinson
Timothy Reck
David Roos
Robert-Rogenthal
Joseph/St. Amand
Walter Schreuer
Semir Sirazi
David Smith
Stephen Soto
Robert Summers
Pat Thaler
Wendell Turner
Marc Warshaw
Ronald Yara
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The following persons were on the balloting committee that approved
ANSI/IEEE Std 802.3¢-1985 (9.1-9.8) for submission to the IEEE Standards

Board:

Marshall Abrams
John Adams
William B. Adams
S. R. Ahuja

Richard Iliff
George D. Jelatis
E.D. Jensen
Guy Juanole

Kit Athul
William Ayen
Yong-Myung Baeg

Wesley A. Ballenger, Jr.

Edwardo W. Bergamini
H. F. Boley
Paul W. Campbell, Jr.
George S. Carson
Po Chen
L. Y. Cheung
Kilnam Chon
T. Ricky Chow
W. F. Chow
David Cohen -
Allen F. Conrad
Robert S. Crowder
Michel Diaz
Philip H. Enslow, Jr.
Judith Estrin
John W. Fendrich
Harvey A. Freeman
R. J. Gagliano
Patrick Gonia
Ambuj Goyal
Michael D. Graebner
Maris Graube
Nobushiro Hamada

"~ Joseph L. Hammond
S. M. Harris
J. Scott Haugdahl
C. W. Hobbs
Jim P. Hong
Paul L. Hutton

Kart

Mladen Kozunovic
Samuel Kho

David Kollm

Sastri L. Kota
Hirayr M. Kudyan
Takahiko Kuki
Lee LaBarre
Wai-Sum Lai
Lanse M. Leach
Stephen E. Levin

F. C. Lim

William Livingston
Don C. Loughry
Joseph F. P. Luhukay
Meli Marco

Marco: Marsan
Joseph Massi
Darrell B. McIndoe
Patrick S. McIntosh
David S. Millman
Aditya N. Mishra
David E. Morgan
Mike Morganti
Kinji, Mori

D, Ji Morris

HLT. Mouftah

Dale A. Murray
Ruth Nelson

J. Duane Northcutt
Charles Oestereicher
Young Oh

George Parowski
Thomas L. Phinney
David Potter

John Potveek -
Gary S. Robinson
Marya Repko
Robert Rosenthal

1y
David J. Rypka
S. I. Samoylenko
Norman F. Schneidewind
Oscar Sepulveda
Omri Serlin
D. Sheppard
R. M. Simmons
L. Sintonen
David-W. Sloyer -
Stephen.Soto
Fred Strauss
Bart W, Stuck
Tatsuya Suda
Efstathios D. Sykas
Daniel T. W. Sze
Ahmed N. Tantaui
Mario Tokoro
H. C. Torng
Donald F. Towsley
Wei-Tek Tsai
M. Tsuchiya
Richard Tung
Stanko Turk
L. David Umbaugh
James Vorhies
Pearl S. C. Wang
Don Weir
Alan J. Weissberger
William J. Wenker
Earl J. Whitaker
Michael Willett
Tsong-Ho Wu
Oren Yuen

When the IEEE Standards Board approved ANSI/IEEE Std 802.3¢-1985 (9.1~
9.8) on Pecember 12, 1985, it had the following membership:

John P. Riganati, Vice Chair

John E. May, Chair

James H. Beall

Rene Castenschiold
Edward Chelotti
Edward J. Cohen

Paul G. Cummings
Donald C. Fleckenstein

*Member emeritus

Sava I. Sherr, Secretary

Jay Forster

Kenneth D. Hendrix
Irvin N. Howell
Jack Kinn

Joseph L. Koepfinger*
Irving Kolodny

R. F. Lawrence

Lawrence V. McCall

Frank L. Rose
Clifford O. Swanson
J. Richard Weger
W. B. Wilkens
Charles J. Wylie
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ANSI/IEEE Std 802.3¢-1985 was approved by the American Natlonal
Standards Institute on June 4, 1986.

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

Menachem Abraham
Keith Albright
Keith Amundsen
Jean-Pierre Astorg
R. V. Balakrishnan
Richard Bennett
Charles Brill
Juan Bulnes
Robert Campbell
Luigi Canavese
Albert Claessen
Peter Dawe

Peter Desaulniers
Raymond Duley
Jeff Ebeling
Gianfranco Enrico
Alan Flatman
Richard Fransen
Ingrid Fromm
Robert Galin
Mark Gerhold

Adi Golbert

Rich Graham
Rich Gumpertz
Hacene Hariti

Donald C. Loughry, Chcur
St'even-lvlzm'stakas—ﬁhmr-?as'k 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

Ed Lare

Wayne Lindquist
Terry Lockyer
Don Loughry
James Lucas
Andy Luque
Lloyd Oliver
Aidan Paul

Roy Pierce

~Eric Rawson

Joseph Rickert
Gary Robinson

Timothy Rock
David Roos
Walter Schruer
Semir Sirazi
David Smith
Robert Summers
Pat Thaler
Geoff Thompson
Nathan Toebol
Carlos Tomaszewski
Wendell Turner
Joseph Wiencko
Bruce Williams

OBSERVERS

Allen Cherin
John Decramer
Paul Eastman
Shinji Emori
Jiro Kashio

" Michael Lee

Luciano Marchitto
Jim Montrose
Peter Tarrant

The IEC TC83 Committee on Information Technology Equipment also
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Information technology—
Local and metropolitan area networks—

Part 3:

collision detection (CSMA/CD)
‘access method and
physical layer specifications

1. Introduction

1.1 Overview ’

1.1.1 Basic Concepts. The Carrier Sense Multiple Access with Collision De-
tection (CSMA/CD) media access method is the means by which two or more
stations share a common transmission medium. To transmit, a station waits
(defers) for a quiet period on the medium(that is, no other station is transmit-
ting) and then sends the intended message in bit-serial form. If, after initiat-
ing a transmission, the message collides with that of another station, then
each transmitting station intentionally sends a few additional bytes to ensure
propagation of the collision throughout the system. The station remains silent
for a random amount of time-(backoff) before attempting to transmit again.
Each aspect of this access method process is specified in detail in subsequent
sections of this standard:

This is a comprehensive standard for Local Area Networks employing
CSMA/CD as the«aceess method. This standard is intended to encompass sev-
eral media typés)and techniques for signal rates of from 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.

1.1.2 Architectural Perspectives, There are two important ways to view local
ar€a network design corresponding to

(1) Architecture. Emphasizing the logical divisions of the system and how

—theyfit together:
(2) Implementation. Emphasizing actual components, their packaging and

interconnection.
This standard is organized along architectural lines, emphasizing the
large-scale separation of the system into two parts: the Media Access Control
(MAC) sublayer of the Data Link Layer, and the Physical Layer. These layers
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ISO/IEC 8802-3 : 1992 '
ANSIIEEE 802 Std 802.3, 1992 LOCAL AND METROPOLITAN AREA NETWORKS:

are intended to correspond closely to the lowest layers of the ISO Model for
Open Systems Interconnection (see Fig 1-1). See ISO 7498:1984 [10].1 The
Logical Link Control (LLC) sublayer and MAC sublayer together encompass
the functions intended for the Data Link Layer as defined in the OSI model.
1.1.2.1 An architectural organization of the standard has two main ad-
vantages:
(1) Clarity. A clean overall d1v151on of the des1gn 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.

The architectural model is based on a set of interfaces that may be different
from those emphasized in implementations. One critical aspect of the design,

Fig 1-1 ,
LAN Standard Relationship to the
OSI Reference Model
osl AN
REFERENCE MODEL CSMA/CD
LAYERS LAYERS
APPLICATION
, HIGHER LAYERS
PRESENTATION g e
LOGICAL LINK CONTROL
i 1 L_ptEl DTE
SESSION it
exposed)
TRANSPORT
NETWORK AU
DATA LINK :
. MAU
PHYSICAL .
— MD!

AUl = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT

MDI - = MEDIUM DEPENDENT INTERFACE
PMA =" PHYSICAL MEDIUM ATTACHMENT

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.

2
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however, shall be addressed largely in terms of the implementation inter-
faces: compatibility.
1.1.2.2 Two important compatibility interfaces are defined within what is
architecturally the Physical Layer.
(1) Medium-Dependent Interface (MDI). To communicate in a compatible
manner, all stations shall adhere rigidly to the exact specification of physical
medla s1gnals defined in Sectlon 8 (and beyond) in th1s standard and to the

aspects of the LLC sublayer and the MAC sublayer should not be taken as de-
tracting from this point; communication by way of the ISO 8802-3 [IEEE 802 3]
Local Area Network requires complete compatibility at the Physical Medium
interface (that is,; the coaxial cable interface).

(2) Attachment Unit Interface (AUI). It is anticipated that most DTEs|will be
located some distance from their connection to the coaxial cable; A small
amount of circuitry will exist in the Medium Attachment Unit (MAU) directly
adjacent to the coaxial cable, while the majority of the hardware-and all of the
software will be placed within the DTE. The AUI is defined 'as a second com-
patibility interface. While conformance with this interface-is not strictly nec-
essary to ensure communication, it is highly recommended, since it allows
maximum flexibility in intermixing MAUs and DTEs. The AUI may be op-
tional or not specified for some implementations.of this standard that are ex-
pected 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.

1.1.8 Layer Interfaces. In the architectural model used here, the layers in-
teract by way of well defined interfaces, providing services as specified in
Sections 2 and 6. In general, the interface requirements are as follows:

(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 in-
cludes signals for framing (carrier sense, transmit initiation) and con-
tention resolution (collision detect), facilities for passing a pair of serial bit
streams (transniit, 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
Nétwork is intended to be commercial and light industrial. Use of CSMA/CD

LANs in home or heavy industrial environments, while not precluded, 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 de-
scribed by subdividing the protocol into a number of interrelated functions.

3
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The operation of the functions can be described by state diagrams. Each dia-
gram represents the domain of a function and consists of a group of connected,
mutually exclusive states. Only one state of a function is active at any given
time (see Fig 1-2).

Each state that the function can assume is represented by a rectangle. These
are divided into two parts by a horizontal line. In the upper part the state is
identified by a name in capital letters. The lower part contains the name of

i y
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 natare (for
example, an exit condition from all states to the IDLE or RESET state)is indi-
cated 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 uncon-
ditional transition. Qualifiers described by short phrase§ are enclosed in
parentheses.

State transitions and sending and receiving ‘of meSsages occur instanta-
neously. 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.

Some devices described in this standard (e.g.; repeaters) are allowed to have
two or more ports. State diagrams capablé of describing the operation of de-
vices with an unspecified number of ports, required qualifier notation that

Fig1-2
State Diagram Notation Example

<STATE NAME>

® <MESSAGE SENT>
- TERMS'TO ENTER ® <. .>(CONDITION) | 1ERMS TO EXIT
STATE STATE

Ll Ll

[ACTIONS TAKEN]

Key: ( ) = condition, for example, (if.no_collision)
.t I = B ‘ FLO TUNCUons|
* = Jogical AND .
+ - = logical OR
Tw = Wait Time, implementation dependent
Td = Delay Timeout
Tb = = Backoff Timeout
UCT = unconditional transition

A
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allows testing for conditions at multiple ports. The notation used is a term that
includes a desecription 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 associated with a transition:

(1) The character “.” (colon) is a delimiter used to denote that a term as-

signment statement follows.
(2) The character “<=” (left arrow) denotes assignment of the value follow-
ing the arrow to the term preceding the arrow.

The state diagrams contain the authoritative statement of the functions’they
depict; when apparent conflicts between descriptive text and state-diagrams
arise, the state diagrams are to take precedence. This does not override, how-
ever, any explicit description in the text that has no parallel in the state dia-
grams.

The models presented by state diagrams are intended as\the primary speci-
fications of the functions to be provided. It is important-to distinguish, how-
ever, between a model and a real implementation. The models are optimized
for simplicity and clarity of presentation, while any)realistic implementation
may place heavier emphasis on efficiency and suitability to a particular im-
plementation technology. It is the functional behavior of any unit that must
match the standard, not its internal structure. The internal details of the
model are useful only to the extent thdt they specify the external behavior
clearly 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 specified here by describing the service
primitives and parameters that characterize each service. This definition of
service is independent of any particular implementation (see Fig 1-3).

Specific implementations may also include provisions for interface inter-
actions that have no(direct end-to-end effects. Examples of such local interac-
tions include interface flow control, status requests and indications, error
notifications, and layer management. Specific implementation details are
omitted from-this service specification both because they will differ from im-
plementation 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: : \

(1) REQUEST. The request primitive is passed from layer N to layer N-1 to
réquest that a service be initiated.

(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
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LAYER N LAYER N
SERVICE USER : SERVICE USER
LAYER N-1
SERVICE PROVIDER
- REQUEST
=
[
—_—_—
INDICATION
Fig1-3
Service Primitive Notation

detail of the user/provider interaction. For instance, it does not indicate the lo-
cal 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 interaction; 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.

1.2.83 Physical Layer and Media Notation. Users of this standard need to
reference which -particular implementation is being used or identified.
Therefore, a means of identifying each implementation is given by a simple,
three-field, type notation that is explicitly stated at the beginning of each rele-
vant section. In general, the Physical Layer type is specified by these fields:

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

For example, the standard contains a 10 Mb/s baseband specification
identified as “TYPE 10BASES5,” meaning a 10 Mb/s baseband medium whose
maximum segment length is 500 m. Each successive Physical Layer specifi-

cation will state its own unique TYPE identifier along similar hnes.

1.2.4 Physical Layer Message Notation. Messages generated within the
Physical Layer, either within or between PLS and the MAU (that is, PMA cir-
cuitry), are designated by an italic type to designate either form of physical or
logical message used to execute the physical layer signaling process (for ex-
ample, input_idle or mau_available).
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1.3 References

[1] CISPR Publication 22 (1985), Limits and Methods of Measurement of Radio
Interference Characteristics of Information Technology Equipment.2

[2] IEC Publication 96-1, Radio-frequency cables, Part 1: General require-
ments and measuring methods.

[3] IEC Publication 96-1A, 1st Supplement to Radio-frequency cables, Part 1:
Appendix Section 5.4, Terminated triaxial test method for transfer impedance
up to 100 MHz.

[4] IEC Publication 169-8 and -16, Radio-frequency connectors, Part 8: Radio-
frequency coaxial connectors with inner diameter of outer conductor 6,5 mm
(0.256 in) with bayonet lock—Characteristic impedance 50 ohms (Type’BNC);
Part 16: Radio-frequency coaxial connectors with inner diameter of outer
conductor 7 mm (0.276 in) with screw coupling—Characteristic-impedance 50
ohms (75 ohms) (Type N).

(5] IEC Publication 380, Safety of electrically energized office machines.
[6] IEC Publication 435, Safety of data processing equipment.

[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.

[8] IEC Publication 950, Safety of Information Technology Equipment, Includ-
ing Electrical Business Equipment.

[91 ISO 2382-9 : 1984, Data processing—Vocabulary—Part 09: Data communi-
cation.3

[10] ISO 7498 : 1984, Information processing systems—-open systems intercon-
nection—-Basic reference model.

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

[12] IEC Publication 68, Environmental testing.

[13] IEC Publication 793-1, Optical fibres, Part 1: Generic specification.
[14] IEC Publication 793-2, Optical fibres, Part 2: Product specifications.4

2 CISPR and IEC documents are available in the US from the Sales Department, American
National-Standards Institute, 11 West 42nd St., New York, NY 10018, USA. These documents are
also available from International Electrotechnical Commission, 3 rue de Varembé, Case Postale
131, CH-1211, Gengve 20, Switzerland/Suisse.

3380 documents are available in the US from the Sales Department, American National
Standards Instltute, 11 West 42nd St New York NY 10018 USA ISO documents are also

CIIOT,

Postale 56 CH-1211, Genéve 20, Sw1tzerland/Sulsse
4 Subsection 9.9 is to be read with the understanding that the following changes to IEC Publica-
tion 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 referred to 1 km, for the type Alb
fiber in Table III.
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[15] IEC Publication 794-1, Optical fibre cables, Part 1: Generic specification.
[16] IEC Publication 794-2, Optical fibres cables, Part 2: Product specifications.

[17] IEC Publication 825, Radiation safety of laser products, equipment classi-

fication, requirements, and user’s guide.

[18] IEC Publication 874-1, Connectors for optical fibres and cables, Part 1:
—Generie—speeifieation:
[19] IEC Publication 874-2, Con‘nectyors for optical fibres and cables, Part(2;
Sectional specification for fibre optic connector type F-SMA.

Local and national standards such as those supported by ANSI, EIA, IEEE,
MIL, NFPA, and UL are not a formal part of the ISO/IEC 88023 standard.
Reference to such local or national standards 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. =
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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 betweer the primitives and the formal procedures and in-
terfaces described in 4.2 and 4.3.

2.2 Overview of the Service
2.2.1 General Description of Services Provided by the Layer. The services

Fig 2-1
Service Specification Relation'to the LAN Model

osl LAN
REFERENCE MODEL CSMA/CD
LAYERS LAYERS
APPLICATION
"HIGHER LAYERS
PRESENTATION ‘
1OGIC,
: _DTE & DTE
SESPTO) MEDIA ACCESS CONTROL AUl not
PLS exposed)
TRANSPORT PHYSICAL SIGNALING
NETWORK Y
DATA LINK [ ] T
PiA e MAU
PHYSICAL , _
[ 1 -]~ MD!
4 MEDIUM 4

AUl = ATTACHMENT UNIT INTERFACE

MAU = MEDIUM ATTACHMENT UNIT

MDI = MEDIUM DEPENDENT INTERFACE

PMA = - PHYSICAL MEDIUM ATTACHMENT
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provided by the MAC sublayer allow the local LLC sublayer entity to exchange
LLC data units with peer LLC sublayer entities. Optional support may be pro-
vided for resetting the MAC sublayer entity to a known state. ‘

2.2.2 Model Used for the Service Specification. The model used in this ser-
vice specification is identical 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 primitives described in this section’are con-
sidered mandatory. :

2.3 Detailed Service Specification
2.3.1 MA_DATA.request
2.3.1.1 Funection. This primitive defines the transfer of data from a local
LLC sublayer entity to a single 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,
senvice_class

)

The destination_address parameter may specify either an individual or a
group MAC entity address. It must contain sufficient information to create the
DA field that is appended to the frame by the local MAC sublayer entity and
any physical information. The m_sdu parameter specifies the MAC service
data unit to(be transmitted by the MAC sublayer entity. There is sufficient in-
formation‘associated with m_sdu for the MAC sublayer entity to determine the
length-of*the data unit. The service_class parameter indicates a quality of
serviee requested by LLC or higher layer (see 2.3.1.5).

2.3.1.8 When Generated. This primitive is generated by the LLC sublayer
entity whenever data shall be transferred to a peer LLC entity or entities. This
can be in response to a request from higher protocol layers or from data gen-

2.3.1.4 Effect of Receipt. The receipt of this primitive will cause the MAC
entity to append all MAC specific fields, including DA, SA, and any fields that
are unique to the particular media access method, and pass the properly
formed frame to the lower protocol layers for transfer to the peer MAC sublayer
entity or entities.
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2.3.1.5 Additional Comments. The CSMA/CD MAC protocol provides a
single quality of service regardless of the service_class requested.
2.3.2 MA_DATA.indication
2.8.2.1 Function. This primitive defines the transfer of data from the
MAC sublayer entity to the LLC sublayer entity or entities in the 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,
reception_status

)

The destination_address parameter may be either andndividual 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 ar-
rival of a frame to the local MAC sublayer entity. Such frames are reported
only if they are validly formed, received without error, and their destination
address designates the local MA€ ‘entity.

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

2.3.2.5 Additional Comments. If the local MAC sublayer entity is desig-
nated by the destination_address parameter of an MA_DATA request, the in-
dication primitive will' also be invoked by the MAC entity to the local LLC en-
tity. This full duplex characteristic of the MAC sublayer may be due to unique
functionality within the MAC sublayer or full duplex characteristics of the
lower layers (for example, all frames transmitted to the broadcast address
will inveke MA_DATA.indication at all stations in the network including
the station that generated the request).
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3.1 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 ad-
dress space into individual (single station) and group (multicast’or multi-
station) 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 Delimiter (SFD), the addresses-of the frame’s source
and destination, a length field to indicate the length" of the following field

Fig 3-1
MAC Frame Format

7 OCTETS | PREAMBLE

10CTET  |{gFD

2 OR 6 OCTETS | DESTINATION
ADDRESS

SOURCE
2 OR 6 OCTETS
ADDRESS OCTETS WITHIN
FRAME TRANSMITTED
2 OCTETS |LENGTH TOP-TO-BOTTOM

LLC DATA

PAD.

4 OCTETS |FRAME CHECK SEQUENCE

LSB MSB

b0 BITS WITHIN b7
FRAME TRANSMITTED

LEFT-TO-RIGHT ——>
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containing the LLC data to be transmitted, a field that contains padding if re- -
quired, and the frame check 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 LLC data and PAD fields, which may contain any integer
number of octets between the minimum and maximum values determined by
the specific implementation of the CSMA/CD Media Access mechanism. See

4.4 for particular implg mentations.

The minimum and maximum frame size limits in 4.4 refer to that portion
of the frame from the destination address field through the frame check-se-
quence 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 al-
low the PLS circuitry to reach its steady-state synchronization with the re-
ceived frame timing (see 4.2.5). ‘

3.2.2 Start Frame Delimiter (SFD) Field. The SED field is the sequence
10101011, It immediately follows the preamble pattern and indicates the start
of a frame.

3.2.3 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 addressee(s) for which
the frame is intended. The Source Address field shall identify the station
from which the frame was initiatedThe 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

Fig 3-2
Address Field Format

48 BIT ADDRESS FORMAT

/G u/L 46 BIT ADDRESS

16 BIT ADDRESS FORMAT

/G 15 BIT ADDRESS
I/G =0 INDWVIDUAL ADDRESS
I/G = 1 GROUP ADDRESS
U/L = 0 GLOBALLY ADMINISTERED ADDRESS
U/L = 1 LOCALLY ADMINISTERED ADDRESS
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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 Ad-
dress shall be left to the manufacturer as an implementation decision. There
is no requirement that manufacturers support both sizes.

(3) 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. In the Source Address field, the firstbitis
reserved and set to 0. If this bit is 0, it shall indicate that the address field con;
tains 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 the local area network.

(4) For 48 bit addresses, the second bit shall be used to distinguish between
locally or globally administered addresses. For globally administered (or U,
universal) addresses, the bit is set to 0. If an address is to be @ssigned locally,
this bit shall be set to 1. Note that for the broadcast address, thigbit is also a 1.

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

3.2.8.1 Address Designation. A MAC sublayer address is of one of two
types:

(1) Individual Address. The address associated with a particular station on
the network.

(2) Group Address. A multidestination address, associated with one or more
stations on a given network. There are two kinds of multicast address:

(a) Multicast-Group Address:;-An address associated by higher-level

convention with a group of logically 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 1’s in the DestinationAddress 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 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 Gt-administers these global (U) addresses is beyond the scope of this
standard.®

3.2.4 Destination Add‘fess Field. The Destination Address field specifies
the station(s) for which the frame is intended. It may be an individual or

—mmtticast{including broadeast)address:

5 Information concerning the Registration Authority and its procedurés may be cbtained on
request to the Secretary General, ISO Central Secretariat, Case Postale 56, CH-1211 Geneve,
Switzerland, quoting the number of this International Standard. The ISO Global (U) address
administration has been delegated to the Secretary, IEEE Standards Board, 345 East 47 Street, New
York, NY 10017.
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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.

8.2.6 Length 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 operation of the protocol, a PAD field (a se-
quence of octets) will be added at the end of the data field but prior to the FCS

field; specified 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 f-octets.
Full data transparency is provided in the sense that any arbitrary sequence of
octet values may appear in the data field up to a maximum 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 par-
ticular implementation of the standard. If necessary, the/data field is ex-
tended by appending extra bits (that is, a pad) in units ©of) octets after the LLC
data field but prior to calculating and appending the FCS. The size of the pad,
if any, is determined by the size of the data field supplied by LLC and the min-
imum frame size and address size parameters(of the particular implementa-
tion. The maximum size of the data field is determined by the maximum
frame size and 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 addressSize + 48)) bits. The maximum possible
size of the LLC data field is maxFrameSize - (2 x addressSize + 48)/8 octets.
See 4.4 for a discussion of implementation parameters; see 4.2.3.3 for a dis-
cussion of the minFrameSize.

3.2.8 Frame Check Sequence Field. A cyclic redundancy check (CRC) is
used by the transmit and*receive algorithms to generate a CRC value for the
FCS field. The frame check sequence (FCS) field contains a 4-octet (32-bit)
cyclic redundancy check (CRC) value. This value is computed as a function of
the contents of the source address, destination address,; length, LLC data and
pad (that is, all.fields except the preamble, SFD, and FCS). The encoding is de-
fined by the(following generating polynomial.

G(x) ='%x32 + x26 4+ x23 4 x22 4 x16 4 x12 4 x11 4 x10 4 x8 4+ x7 4 x5
+xtex2ax+l

Mathematically, the CRC value corresponding to a given frame is defined
by the following procedure:

nted:
(2) The n bits of the frame are then considered to be the coefficients of a poly-
nomial M(x) of degree n-1. (The first bit of the Destination Address field cor-

6 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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responds to the x®-D term and the last bit of the data field corresponds to the x?
term.)

(3) 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.

() The bit sequence is complemented and the result is the CRC.

The 32 bits of the CRC value are placed in the frame check sequence field so

at the X0 term 15 the left-most bit of the niTst octet, ex’te
most bit of the last octet. (The bits of the CRC are thus transmltted in the order
x31, x30 . x1 x0.) See reference [A18].

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

8.4 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) It is 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 identical to the one received.

The contents of invalid MAC frames shall net be passed to LLC. The occur-
rence of invalid MAC frames may be communicated to network manage-
ment.

<STATE NAME>

® <MESSAGE SENT>
TERMS' TO ENTER ® <. .>(CONDITION | 1eRMs TO EXIT
STATE STATE

rd >

[ACTIONS TAKEN]

Key: ( ) = condition, for example, (if no_collision)
[ T = action, Tor example, [reset PLS functions]
* = logical AND
+ = |ogical OR
Tw = Wait Time, implementation dependent
Td = Delay Timeout
Tb = Backoff Timeout
UCT = unconditional transition
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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 functional description of the Local Area Network
CSMA/CD MAC sublayer,

The MAC sublayer defines a medium-independent facility,obuilt on the
medium-dependent physical facility provided by the Physical Layer, and un-
der the access-layer-independent local area network LLC sublayer. It is ap-
plicable 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 LLC sublayer and the MAC sublayer together are intended to have the
same function as that described in the OSI model for the Data Link Layer
alone. In a broadcast network, the notion of@ data link between two network
entities does not correspond directly to a distinct physical connection. Never-
theless, the partitioning of functions présented in this standard requires two
main functions generally associated with a data link control procedure to be
performed in the MAC sublayer. They are as follows:

(1) Data encapsulation (transmit and receive)

(a) Framing (frame boundary delimitation, frame synchronization)
(b) Addressing (handling of source and destination addresses)
(c) Error detection (detection of physical medium transmission errors)

(2) Media Access Management

(a) Medium allo¢ation (collision avoidance)
(b) Contention resolution (collision handling)

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

4.1.2 CSMA/CD Operation. This section provides an overview of frame
transmission and reception in terms of the functional model of the architec-
ture! This overview is descriptive, rather than definitional; the formal speci-
fications of the operations described here are given in 4.2 and 4.3. Specific im-
pléementations for CSMA/CD mechanisms that meet this standard are given

in 44 Figure 4-1 provides the architectural model described functionally in |

the sections that follow.

The Physical Layer Signaling (PLS) component of the Physical Layer pro-
vides an interface to the MAC sublayer for the serial transmission of bits onto
the physical media. For completeness, in the operational description that
follows some of these functions are included as descriptive material. The
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4 MEDIUM
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MD! = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT
|
Fig4-1 |
‘MAC Sublayer Partitioning, Relatlbnshlp to
OSI Reference Model |

concise specification of these functions is given in 4 2 for the MAC functions
and in Section 7 for PLS, i
Transmit frame operations are independent from the receive frame opera-
tions. A transmitted frame addressed to the originating station will be
received and passed to.the LLC sublayer at that station. This characteristic of
the MAC sublayer may be implemented by functionality within the MAC
sublayer or full duplex characteristics of portions of the lower layers.
4.1.2,1 Normal Operation
4.1.21.1 Transmission Without Conbentlon. When a LLC sublayer re-
quests the transmission of a frame, the Transmit Dgta Encapsulation compo-
nent of.the CSMA/CD MAC sublayer constructs the frame from the LLC-sup-
plied\data. It appends a preamble and a start of fratne delimiter to the begin-
ning of the frame. Using information passed by the LLC :sublayer, the
CSMA/CD MAC sublayer also appends a PAD at the\ end of the MAC informa-

isfies a minimum frame size requirement (see 4.2.3.3). It also appends des-
tination and source addresses, a length count field, and a frame check se-
quence to provide for error detection. The frame is t}len handed to the Trans-
mit Media Access Management component in the MAC sublayer for trans-
mission. |
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Transmit Media Access Management then attempts to avoid contention
with other traffic on the medium by monitoring the carrier sense signal pro-
vided by the Physical Layer Signaling (PLS) component and deferring to
passing traffic. When the medium is clear, frame transmission is initiated
(after a brief interframe delay to provide recovery time for other CSMA/CD
MAC sublayers and for the physical medium). The MAC sublayer then pro-
vides a serial stream of bits to the PLS interface for transmission.

The PLS performs the task ol actually generating the electrical signals on
the medium that represent the bits of the frame. Simultaneously, it monitors
the medium and generates the collision detect signal, which, in the, eon-
tention-free case under discussion, remains off for the duration of the-frame.
A functional description of the Physical Layer is given in Sections 7 and be-
yond.

When transmission has completed without contention, the CSMA/CD MAC
sublayer so informs 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 eachreceiving station, the

arrival of a frame is first detected by the PLS, which ‘responds by synchroniz-
ing with the incoming preamble, and by turning on the carrier sense signal.
As the encoded bits arrive from the medium, they are decoded and translated
back into binary data. The PLS passes subsequent bits up to the MAC sublayer,
where the leading bits are discarded, up to and including the end of the pream-
ble and Start Frame Delimiter.

Meanwhile, the Receive Media Access'Management component of the MAC
sublayer, having observed carrier sense, has been waiting for the incoming
bits to be delivered. Receive Media Access Management collects bits from the
PLS as long as the carrier senge 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-Decapsulation for processing.

Receive Data Decapsulation checks the frame’s Destination Address ﬁeld to
decide whether the franmie 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. J

4.1.2.2 Access Interference and Recovery. If multiple stations attempt to
transmlt at the same tlme, it i is poss1b1e for them to 1nterfere w1th each other’s

transmlssmns from two statlons overlap, the resultmg contentlon is called a
collision. A given station can experience a collision during the initial part of
its transmission (the collision window) 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
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medium; subsequent collisions are avoided sunce all other (properly
functioning) stations can be assumed to have not:ced the signal (by way of
carrier sense) and to be deferring to it. The time to acqulre the medium is thus
based on the round-trip propagation time of the phys1ca1 layer whose elements
include the PLS, PMA, and physical medium. |

In the event of a collision, the transmitting stétion’s Physical Layer ini-
tially notices the interference on the medium and then turns on the collision

detect signal. This is noticed in turn by the Transmit Media Access Man-
agement component of the MAC sublayer, and bolhsmn handling begins,
First, Transmit Media Access Management enforces the collision by trans-
mitting a bit sequence called jam. In 4.4 an 1mp1ementat10n that uses: this
enforcement procedure is provided. This ensures tHat the duration of the col-
lision is sufficient to be noticed by the other transmlttmg station(s) involved
in the collision. After the jam is sent, Transmit Media Access(Management
terminates the transmission and schedules another transmission attempt
after a randomly selected time interval. Retransmission is.attempted again
in the face of repeated collisions. Since repeated collisions indicate a busy
medium, however, Transmit Media Access Management attempts to adjust to
the medium load by backing off (voluntarily del ying -its own retransmis-
sions to reduce its load on the medium). This 4s comphshed by expanding
the interval from which the random retransmlssmfx time is selected on each
successive transmit attempt. Eventually, either the transmission succeeds, or
the attempt is abandoned on the assumption' that thé medium has failed or has
become overloaded.

At the receiving end, the bits resulting from a colllsmn are received and de-
coded by the PLS just as are the bits of a valid frame. Fragmentary frames re-
ceived during collisions are distinguished from valid transmissions by the
MAC sublayer’s Receive Media Access Managemeq‘t component.

4.1.3 Relationships to LLC Sublayer and Physical Layer., The CSMA/CD
MAC sublayer provides-services to the LLC sublayer required for the trans-
mission and reception of frames. Access to these serv1ces is specified in 4.3,
The CSMA/CD MAC sublayer makes a best effort to acquire the medium and
transfer a serial stream of bits to the PLS. Although certain errors are reported
to the LLC, error recovery is not provided by MAC. Error recovery may be pro-
vided by the LLC or higher (sub)layers.

4.1.4 €SMA/CD Access Method Functional Ci?.pablhtles The followmg
summary of the functional capabilities of the CSMA/CD MAC sublayer is in-
tended as a quick reference guide to the capablhtles of the standard, as de-
picted in Fig 4-2: [

(1) For Frame Transmission ;

11 A1IC
(b) Presents a bit-serial data stream to the physwal layer for transmis-
sion on the medium ‘
NOTE: Assumes data passed from the LLC sublayer are octet mu._tiples.
(2) For Frame Reception
(a) Receives a bit-serial data stream from the physical layer
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LLC SUBLAYER
[ .~ ACCESS TO LLC SUBLAYER —
TRANSMIT . RECEIVE
| DATA ENCAPSULATION %\TA DECAPSULATION
a
2 T
TRANSMIT MEDIA RECEIVE MEDIA
ACCESS MANAGEMENT ACCESS MANAGEMENT
34678101 2a 5912
P N
I ACCESS TO PHYSICAL INTERFACE —
TRANSMIT RECEIVE
DATA ENCODING DATA DECODING

PHYSICAL LAYER SIGNALING
NOTE: Numbers refer to functions listed in 4.3.4.

Fig 4-2
CSMA/CD Media Access Control Functions

(b) Presents to the LLC sublayer frames that are either broadcast frames
or directly addressed to the local station
(c) Discards or passes to Network Management all frames not addressed
to the receiving station
(3) Defers transmission of\a bit-serial stream whenever the physical
medium is busy
(4) Appends proper FCS value to outgoing frames and verifies full octet
boundary alignment
(5) Checks incoming frames for transmission errors by way of FCS and
verifies octet boundary alignment
(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

(11) Appends preamble, Start Frame Dehmlter 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

(12) Removes preamble, Start Frame Delimiter, DA, SA, length count FCS
and pad field (if necessary) from received frames
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4.2 CSMA/CD Media Access Control Method (MAC): Precise Specification

4.2.1 Introduction. A precise algorithmic deﬁnit‘jon is given in this section,
providing procedural model for the CSMA/CD MAC process with a program in
the computer language Pascal. See references [A2] and [A17] for résource
material. Note whenever there is any apparent amhiguity concerning the def-
inition of some aspect of the CSMA/CD MAC method, it is the Pascal procedu-
ral ification in
definitive statement. Sections 4.2.2 through 4.2.6 pyov1de, in prose, a descrlp-
tion of the access mechanism with the formal termmology to be used in the
remaining subsections. ‘

4.2,.2 Overview of the Procedural Model. The functlons of the CSMA/CD
MAC method are presented below, modeled as a program written _in\the com-
puter language Pascal. This procedural model is!intended as)the primary
specification of the functions to be provided in any§ CSMA/CD MAC sublayer
implementation. It is important to dlstlngulsh however, between the model
and a real implementation. The model is optlmlzed for simplicity and clarity
of presentation, while any realistic 1mp1ementatlon shall place heavier
emphasis on such constraints as efficiency and smﬂablllty to a particular im-
plementation technology or computer architecture/) In this context, several
important properties of the procedural model shall be considered.

4.2.2.1 Ground Rules for the Procedural Model

(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 including hardware, firmware,  soft-
ware, or any combination.

(2) Similarly, it shall be emphasized that it is the ehavior of any MAC sub-
layer 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 spécify that behavior clearly and preclsely

(3) 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 serialized fon presentation to the Phys-
ical Layer. In-reality, many implementations w1ll instead handle frames
serially on\a bit, octet or word basis. This approach‘ has not been reflected in
the pracedural model, since this only complicates the description of the func-
tiong(without changing them in any way.

(4)'The model consists of algorithms designed to be executed by a number of
concurrent processes; these algorlthms collectively 1mp1ement the CSMA/CD

rocedure, The timin ndenci
activity are resolved in two ways: |
(a) 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
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that the Media Access procedure ReceiveFrame is always called well before
the frame in question has started to arrive.

(b) Processes Versus Processes. Among processes, no assumptions are
made about relative speeds of execution. This means that each interaction
between two processes shall be structured to work correctly independent of
their respective speeds. Note, however, that the timing of interactions among
processes is often, in part, an indirect reflection of the timing of external

events, 1n which case appropriate timing assumptions may still be made.

It is intended that the concurrency in the model reflect the parallelism in-
trinsic to the task of implementing the LLC and MAC procedures, although.the
actual parallel structure of the implementations is likely to vary.

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

(1) Some limitations of the language have been circumvented to simplify the
specification:

(a) The elements of the program (variables and procedures, for example)
are presented in logical groupings, in top-down order.Certain Pascal order-
ing restrictions have thus been circumvented to improve readability.

(b) The process and cycle constructs of Concurrent Pascal, a Pascal
derivative, have been introduced to indicate the) sites of autonomous concur-
rent activity. As used here, a process is simply a parameterless procedure that
begins execution at “the beginning of time” rather than being invoked by a
procedure call. A cycle statement represents the main body of a process and is
executed repeatedly forever,

(¢) The lack of variable array\bounds in the language has been circum-
vented by treating frames as if they are always of a single fixed size (which is
never actually specified). The size of 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.

(d) The use of asvariant record to represent a frame ( as fields and as bits)
follows the spirit but not the letter of the Pascal Report, since it allows the un-
derlying representation to be viewed as two different data types.

(2) The model makes no use of any explicit interprocess synchronization
primitives, Inktead, all interprocess interaction is done by way of carefully

stylized manipulation of shared variables. For example, some variables are
- set by-only one process and inspected by another process in such a manner that
the net'result is independent of their execution speeds. While such techniques
areynot generally suitable for the construction of large concurrent programs,
they simplify the model and more nearly resemble the methods appropriate to

chines, ete.)

4.2.2.3 Organization of the Procedural Model. The procedural model used
here is based on five cooperating concurrent processes. Three are actually de-
fined in the MAC sublayer. The remaining two processes are provided by the
clients of the MAC sublayer (which may include the LLC sublayer) and utilize
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the interface operations provided by the MAC subl}ayer. The five processes are
thus: 1

(1) Frame Transmitter Process
(2) Frame Receiver Process

(3) Bit Transmitter Process

(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

Fig4-3
Relationship Among CSMA/CD Procedures

(FrameTransmitter) LLC SUBLAYER FrameReceiver )

: N
TransmitFrame h RecelveFrame
TransmitDataEncap RecelveDataDecap }——- . FRAMING
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is based on interactions between the MAC sublayer and the Physical-Layer-
dependent bit time.

Figure 4-3 depicts the static structure of the procedural model, showing how
the various processes and procedures interact by invoking each other. Figures
4-4 and 4-5 summarize the dynamic behavior of the model during trans-
mission and reception, focusing on the steps that shall be performed, rather
than the procedural structure that performs them. The usage of the shared state

i in the figures, but is described in the comments an
prose in the following sections.

4.2.3 Frame Transmission Model. Frame transmission includes data-en-
capsulation and Media Access management aspects:

(1) Transmit Data Encapsulation includes the assembly of theoutgoing
frame (from the values provided by the LLC sublayer) and frame)check se-
quence generation,

(2) Transmit Media Access Management includes cdrmier deference,
interframe spacing, collision detection and enforcemenit, and collision
backoff and retransmission.

4.2.3.1 Transmit Data Encapsulation
4.2,3.1.1 Frame Assembly. The fields of thé:CSMA/CD MAC frame are
set to the values provided by the LLC sublayer as‘arguments to the Transmit-
Frame operation (see 4.3) with the exception/of‘the padding necessary to en-
force the minimum framesize and the frame/check sequence that is set to the
CRC value generated by the MAC sublayer.
4.2.3.1.2 Frame Check Sequence Generation. The CRC value defined in
3.8 is generated and inserted in theframe check sequence field, following the
fields supplied by the LLC sublayer.
4.2.3.2 Transmit Media Access Management
4.2.3.2.1 Carrier Deference. Even when it has nothing to transmit, the
CSMA/CD MAC sublayer.monitors the physical medium for traffic by watch-
ing the carrierSense signal provided by the PLS. Whenever the medium is
busy, the CSMA/CD "MAC sublayer defers to the passing frame by delaying
any pending transmission of its own. After the last bit of the passing frame
(that is, when_carrierSense changes from true to false), the CSMA/CD MAC
sublayer continues to defer for a proper interFrameSpacing (see 4.2.3.2.2).

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

When a frame is submitted by the LLC sublayer for transmission, the

rules of deference stated above.
NOTE: It 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 in-
dication it is possible for a short interFrame gap to be generated, leading to a potential reception
failure of a subsequent frame. To enhance system robustness the following optional measures, as
specified in 4.2.8, are recommended when interFrame SpacingPart1 is other than zero:
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(1) Upon completing a transmission, start timing the interpacket gap as soon as transmitting
and carrierSense are both false.

(2) When timing an interFrame gap following reception, reset the interFrame gap timing if
carrierSense becomes true 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 ensure fair access to the
medium. An initial period shorter than 2/3 of the interval is permissible including zero.

4.2.3.2.2 Tnterframe Spacing. As defined in 4.2.3.2.1, the rules for de-

ferring to passing frames ensure a minimum in‘rterframe spacing of inter-

Framedpacing seconds. This 15 intended to provide interirame recovery time
for other CSMA/CD sublayers and for the physical medium.

Note that interFrameSpacing is the minimum value of the interframerspac-
ing. If necessary for implementation 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 hossible for it to experience
contention for the medium. Collisions can occur until acquisition of the net-
work has been accomplished through the deference of all other stations’
CSMA/CD sublayers.

The dynamics of collision handling are largely determmed by a single pa-
rameter called the slot time. This single parameter describes three important
aspects of collision handling:

(1) It is an upper bound on the acquisition time of the medium.

(2) It is an upper bound on the length of a frame fragment generated by a
collision.

(8) 1t is the scheduling quantum for retransmlssion

To fulfill all three functions, the\slot time shall be larger than the sum of the
Physmal Layer round-trip propagatlon time an§ the Media Access Layer
maximum jam time. The slot-time is determined by the parameters of the im-
plementation, see 4.4,

4.2.3.2.4 Collision Detection and Enforcement. Collisions are detected
by monitoring the-cellisionDetect signal provided by the Physical Layer.
When a collision .is-detected during a frame tran$mission, the transmission
is not terminated immediately. Instead, the transmission continues until
additional bits)specified by jamSize have been transmitted (counting from the
time collisiohDetect went on). This collision enforcement or jam guarantees
that the duration of the collision is sufficient to ensure its detection by all
transmitting stations on the network. The content of the jam is unspecified; it
may-be any fixed or variable pattern convenient to the Media Access im-
plementation, however, the implementation shall not be intentionally de-
s1gned to be the 32 bit CRC value corresponding t¢ the (partial) frame trans-

115,

4.2.3.2.5 Collision Backoff and Retransmiesion. When a transmission
attempt has terminated due to a collision, it is retried by the transmitting
CSMA/CD sublayer until either it is successful or a maximum number of at-
tempts (attemptLimit) have been made and all halve terminated due to colli-
sions. Note that all attempts to transmit a given frame are completed before
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any subsequent outgoing frames are transmitted. The scheduling of the re-
transmissions is determined by a controlled randomization 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 number of slot times
to delay before the nth retransmission attempt is chosen as a uniformly dis-
tributed random integer r in the range:

0<r<2k
where
k = min (n, 10)

If all attemptLimit attempts fail, this event is reported as(an error. Algo-
rithms used to generate the integer r should be designedto minimize the
correlation between the numbers generated by any two stations at any given
time.

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

4.2.3.3 Minimum Frame Size. The CSMA/CD Media Access mechanism
requires that a minimum frame length of minFrameSize bits be transmitted.
If frameSize is less than minFrameSize, then the CSMA/CD MAC sublayer
shall append extra bits in units-of octets, after the end of the LLC data field but
prior to calculating, and appending, the FCS. The number of extra bits shall be
sufficient 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 Reception Model. CSMA/CD MAC sublayer frame reception in-
cludes both data‘decapsulation 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 bound-
aries.

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.
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(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 rec-
ognizes and accepts any frame whose Destination Address field contains an
active group address. An active group address may be deactivated.

4.24.1.2 Frame Check Sequence Validation. FCS validation is essen-

tially 1dentical to FCS generation. If the bits of the incoming frame (exclusiye
of the FCS field itself) do not generate a CRC value identical to the one(ve~
ceived, an error has occurred and the frame is identified as invalid.

4.2.4.1.3 Frame Disassembly. Upon recognition of the Start Frame De-
limiter at the end of the preamble sequence, the CSMA/CD MAC sublayer ac-
cepts the frame. If there are no errors, the frame is disassembled.and the fields
are passed to the LLC sublayer by way of the output parameters/of the Receive-
Frame operation.

4.2.4.2 Receive Media Access Management ,

4.2.4.2.1 Framing. The CSMA/CD sublayer recognizes the boundaries
of an incoming frame by monitoring the carrierSenselsignal provided by the
PLS. There are two possible length errors that can occur, that indicate ill-
framed data: the frame may be too long, or its length may not be an integer
number of octets.

(1) Maximum Frame Size. The receiving CSMA/CD sublayer is not re-
quired to enforce the frame size limit, but it is allowed to truncate frames
longer than maxFrameSize octets and report th;s event as an (implemen-
tation-dependent) error.

(2) Integer Number of Octets in Frame. Since t

he format of a valid frame

specifies an integer number of{octets, only a collis
a frame with a length that isnot an integer multipl
(that is, not rejected as collision fragments; see 4.
an integer number of octets are truncated to the
frame check sequence validation detects an error i

on or amn error can produce

e of 8 bits. Complete frames
2.4.2.2) that do not contain

nearest octet boundary. If
n such a frame, the status

code alignmentError’ is reported.
4.2.4.2.2 Collision Filtering. The smallest valid frame shall be at least
one slotTime)in length. This determines the minFrameSize. Any frame
containing.léss than minFrameSize bits is presumed to be a fragment result-
ing from\a’ collision. Since occasional collisions are a normal part of the Me-
dia Access management procedure, the discarding of such a fragment is not
reported as an error to the LLC sublayer.
4.2,5 Preamble Generation. In a LAN 1mplementat10n most of the Physical
Layer components are allowed to provide valid output some number of bit

preamble to be sent before the start of data, to allow ﬂ&le PLS circuitry to reach its
steady-state. Upon request by TransmitLinkMgmt to transmit the first bit of a
new frame, PhysicalSignalEncap shall first transtit the preamble, a bit se-
quence used for physical medium stabilization and synchronization, followed
by the Start Frame Delimiter. If, while transmitting the preamble, the PLS
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asserts the collision 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 Manchester 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.”

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 reception of the sequence
10101011 immediately following a latter part of the preamble pattern, Physi-
calSignalDecap shall begin passing successive bits to ReceiveLinkMgmt for
passing to the LLC sublayer.

4.2.7 Global Declarations. This section provides detailed formal specifica-
tions for the CSMA/CD MAC sublayer. It is a specification ¢f'generic features
and parameters to be used in systems implementing this media access
method. Section 4.4 provides vahlies for these sets of\parameters for recom-
mended implementations of this media access mechanism.

4.2,7.1 Common Constants and Types. The(following declarations of con-
stants 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)
lengthSize = 16; (in bits)
LLCdataSize = ...; {LLC Data, see 4.2.2.2, (1)(c))
padSize = ...;; (in bits, = max (0, minFrameSize — (2 x addressSize
+ lengthSize + LLCdataSize + crcSize))).
dataSize = ...; {= LECdataSize + padSize)
creSize = 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}

sfdSize = 8; (8 bit start frame delimiter)

headerSize = ...; {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;
CRCValue = array [1..crcSize] of Bit;
PreambleValue = array [1..preambleSize] of Bit;
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SfdValue = array [1..sfdSize] of Bit;
ViewPoint = (fields, bits); (Two ways to view Ln;he contents of a frame
HeaderViewPoint = (headerFields, headerBits);
Frame = record {Format of Media Access frame}
case view: ViewPoint of
fields: (
destinationField: AddressValue,

—

gourcerield: Addressvalue;
lengthField: LengthValue;
dataField: DataValue; j
fesField: CRCValue); |
bits: (contents: array [1..frameSize] of $1t)
end; {Frame}
Header = record {Format of preamble and stért frame delimiter)
case headerView : HeaderViewPoint of
headerFields : (
preamble : PreambleValue;
sfd : SfdValue);
headerBits : (
headerContents : array [1..headerSize] of Bit)
end; {defines header for MAC frame])

4.2.7.2 Transmit State Variables. The follc wing items are specific to
frame transmission. (See also 4.4.)

const :
interFrameSpacing = ... ; fminimum time between frames}
interFrameSpacingPartl.= ... ; {duration of ﬁrst portion of interFrame
' timing. In range 0 up to 2/3
1nterFrameS‘paclng]
interFrameSpacingPart2 = ... ; {duration of remalnder of interFrame
‘ txmmg Equal to ,1nterFrameSpacu’;1g
R — interFrameSpacingPart1}
attemptLimit = ... ; (Max number of times to attempt transmission}
backOffLimit = .., ; (Limit on number of tlmes to back off)
jamSize = {m blts the value depends upqn medium-and collision
detect implementation)
var

outgoingFrame: Frame; {The frame to be trapsmltted]
outgoingHeader: Header;

currentlransmitbBit, lastlTransmitbit: 1. trameblze

{Positions of current and last outgoing bits i m outgoingFrame)

lastHeaderBit: 1..headerSize;

deferring: Boolean; (Implies any pending transrmssmn must wait /for
the medium to clear}] |

frameWaiting: Boolean; {Indicates that outgoingFrame is deferring}
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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 succeeding)

reception. (See also 4.4.)

var
incomingFrame: Frame; [The frame being received)}
currentReceiveBit: 1..frameSize; (Position of current bit in

incomingFrame)
receiving: Boolean; {Indicates that a frame reception 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)

42,74 Summary of Interlayer Interfaces
(1) The interface to the LLC sublayer, defined in 4.3.2, is summarized be-

low:

type
TransmitStatus = (transmitOK, excessiveCollisionError);
{Result of TransmitFrame operation}
ReceiveStatus = (receiveOK, lengthError, frameCheckError,
alignmentError);
{Result of ReceiveFrame operation}

function TransmitFrame (
destinationParam: AddressValue;
sourcéParam: AddressValue;
lengthParam: LengthValue;
dataParam: DataValue): TransmitStatus; {(Transmits one frame}

function ReceiveFrame (
var destinationParam: AddressValue;

var sourceParam: AddressValue;
;

var lengthParam: LengthValue;
var dataParam: DataValue): ReceiveStatus; {Receives one frame}

(2) The interface to the Physical Layer, defined in 4.3.3, is summarized in
the following:
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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 MAC sublayer begins operation, before any of the processes begin ex-
ecution. Initialize sets certain crucial shared state variables %o 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. 3 '

procedure Initialize;
begin
frameWaiting := false;
deferring := false;
newCollision := false;
transmitting := false; {In interface to Physical Layer; see below)}
receiving := false;
while carrierSense do nothing;
{Start execution of all processes)
end; {Initialize}

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

function(TransmitFrame (
destinationParam: AddressValue;
sourceParam: AddressValue;
lengthParam: LengthValue;
dataParam: DataValue): TransmitStatus;
procedure TransmitDataEncap; ... {nested procedure; see body below)
begin

g auS‘l‘l‘l‘i‘t‘Bﬂt‘&'E‘l‘l’C'ap,
TransmitFrame := TransmitLinkMgmt
end; -(TransmitFrame}

First, TransmitFrame calls the internal procedure TransmitDataEncap to
construct the frame. Next, TransmitLinkMgmt is called to perform the actual
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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

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,’ LSB to MSB*}
headerView: = headerBits

" end

end; {TransmitDataEncap)

ComputePad appends an arraycof arbitrary bits to the LLCdataField to pad
the frame to the minimum frame'size.

function ComputePad(
var lengthParam;LengthValue
var dataParam:DataValue) :DataValue;
" begin
ComputéPad: = {Append an array of size padSize of arbitrary bits to
the LLCdataField}
end;{€GomputePadParam]}

TransmitLinkMgmt attempts to transmit the frame, deferring first to any
passing traffic. If a collision occurs, transmission is terminated properly and
retransmission is scheduled following a suitable backoff interval:

function TransmitLinkMgmt: TransmitStatus;

begin
attempts := 0; transmitSucceeding := false;
while(attempts < attemptLimit) and (not transmitSucceeding)do
begin {loop) '

67



https://iecnorm.com/api/?name=cdb6b51a953a7441ecbc6077649b38e3

ISO/IEC 8802-3 : 1992
ANSLIEEE 802 Std 802.3, 1992 LOCAL AND METROPOLITAN AREA NETWORKS:

if attempts > 0 then BackOff;
frameWaiting := true;
while deferring do-nothing; {defer to passing frame, if any}
frameWaiting := false;
StartTransmit;
while transmitting do WatchForCollision;
attempts := attempts+1

end; {loop)

if transmitSucceeding then TransmitLinkMgmt := transmitOK

else TransmitLinkMgmt := excessiveCollisionError

end; {TransmitLinkMgmt) ‘

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 béen initiated, TransmltLlnkMgmt moni-
tors the medium for contention by repeatedly calling WatchForCollision:

procedure WatchForCollision;
begin
if transmitSucceeding and. collisionDetect then
begin
newCollision := true;
transmitSucceeding := false
end
end; {WatchForCollision)

WatchForCollision, upon detecting a collision, updates newCollision to en-
sure-proper jamming by the BitTransmitter procesé

After transmission of the jam has been completed if TransmitLinkMgmt
determines that another attempt should be made, BackOﬁ' is called to schedule

— the next attempt to retransmit the frame.

var maxBackOff: 2..1024; {Working variable of BackOff}
procedure BackOff;
begin

if attempts = 1 then maxBackOff := 2
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else if attempts < backOffLimit

then maxBackOff := maxBackOff x 2;

Wait(slotTime x Random(0, maxBackOff))
end; {BackOff)

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

Random := ...{uniformly distributed random integer r such that
low < 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 ¢empute the
proper value for the variable deferring.

process Deference;
begin
cycle{main loop) ,
while not carrierSense do nothing; (watch for carrier to appear}
deferring := true; {delay start of néw’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(interFrameSpacingPartl) do nothing
end
else
begin
StartRealTimeDelay;
repeat
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

if any)
end {main loop}
end; {Deference}

procedure StartRealTimeDelay
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begin
{reset the realtimetimer and start it timing}
end; {StartRealTimeDelay}

function RealTimeDelay (usec:real): Boolean;
begzn

not elapsed since the most recent mvocatlon of StartRealTlmeDelay,
otherwise return the value false)
end; {RealTimeDelay)

The BitTransmitter process runs asynchronoufsly, transmitting 'bits at a
rate determined by the Physical Layer’s TransmitBit operation:

process BitTransmitter;
begin
cycle {outer loop)
if transmitting then
begin {inner loop)
PhysicalSignalEncap; {Send preamble|and start of frame
delimiter) '
while transmitting do
begin
TransmltBlt(outgomgFrame[currentTransmltBlt])
{send néxt bit to Physical Layer)
if newCollision then StartJam else NextBit
end;
end; {inner loop)
end; {outer loop)
end; {BitTransmitter)

procedure PhysicalSignalEncap;
begin
while currentTransmitBit < lastHeaderBit do
begin
TransmltB1t(outg01ngHeader[currentTransm1tB1t])
: {transmit header one bit at a time}
currentTransm1tB1t := currentTransmitBit + 1;
end
if newCollision then StartJam else
currentTransmitBit := 1
end; {PhysicalSignalEncap)

procedure NextBit;
begin
currentTransmitBit := currentTransmitBit+1;

70



https://iecnorm.com/api/?name=cdb6b51a953a7441ecbc6077649b38e3

ISO/IEC 8802-3 : 1992
CSMA/CD ANSVIEEE Std 802.3, 1992

transmitting := (currentTransmitBit < lastTransmitBit)
end; [NextBit)

procedure StartJam;

begin
currentTransmitBit := 1;
lastTransmitBit := jamSize;

newCollision := 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 con-
tain a sufficient number of bits of arbitrary data 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 procedure 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)
begin
repeat
ReceiveLinkMgmt;
ReceiveFrame := ReceiveDataDecap;
until receiveSucceeding
end; (RecéiveFrame)

ReceiveFrame calls ReceiveLinkMgmt to receive the next valid frame, and
then ealls the internal procedure ReceiveDataDecap to return the frame’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;
begin
receiveSucceeding := RecognizeAddress (incomingFrame,
destinationField);

if receiveSucceeding then with incomingFrame do
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begin (disassemble frame) |
view := fields; |
destinationParam := destinationField;
sourceParam := sourceField;
lengthParam: = lengthField;
dataParam := RemovePad (lengthField, dataFleld),

n" fesField = CRC32 t]ncgm]ng'ﬁ'rnmn\ fhpn

begzn
if validLength then RecelveDataDecapﬁ = receiveOK
else ReceiveDataDecap: = lengthErrorw
end ‘
else
begin
if excessBits = 0 then ReceweDataDecap
frameCheckError
else ReceiveDataDecap := ahgnmentError ‘
end;
view: = bits
end {disassemble frame}
end; {ReceiveDataDecap)

function RecognizeAddress (address: AddressValue) Boolean;
begin
RecognizeAddress := ... (Returns true for the§ set of physical, broadeast,
and multicast-group addresses corresponding
to'this station)
end;{RecognizeAddress) !
|
function RemovePad( |
var lengthParam:LengthValue ;
var dataParam:DataValue):DataValue;
begin |
validLength:={Check to determine if value represented by
lengthParam matches received LLCdataSize};
if validLength 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, dis-
carding any fragments from collisions by comparing them to the minimum
valid frame size:



https://iecnorm.com/api/?name=cdb6b51a953a7441ecbc6077649b38e3

ISO/IEC 8802-3 : 1992
CSMA/CD ‘ ANSIVIEEE Std 802.3, 1992

procedure ReceiveLinkMgmt;
begin
repeat
StartReceive;
while receiving do nothing; (wait for frame to finish arriving)
excessBits := frameSize mod 8; .
frameSize :=frameSize - excessBits;{truncate to octet boundary)

fa il hY
TeceiveSuccesding = (frameSize zminFrameSize);

{reject collision fragments)
until receiveSucceeding
end; {ReceiveLinkMgmt}

procedure StartReceive;
begin
currentReceiveBit := 1;
receiving := true
end; {StartReceive}

The BitReceiver process runs asynchronouslyy receiving bits from the
medium at the rate determined by the Physical Layer’s ReceiveBit operation:

process BitReceiver;
var b: Bit;
begin
cycle {outer loop)
while receiving do
begin [inner loop)
if currentReceiveBit = "I"then
PhysicalSignalDecap; {Strip off the preamble and
start frame delimiter}
b := ReceiveBit; {Get next bit from physical Media Access)
if carrierSense then
beginfappend bit to frame]}
ificomingFramelcurrentReceiveBit] = b;
currentReceiveBit := currentReceiveBit+1
end; {append bit to frame}
receiving := carrierSense
end {inner loop)
frameSize := currentReceiveBit -1
end {outer loop}
end; (BitReceiver]

procedure PhysicalSignalDecap;
begin
{Receive one bit at a time from physical medium until a valid sfd is
detected, discard bits and return)
end; (PhysicalSignalDecap)
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4.2,10 Common Procedures. The functxon CRC32 isused by both the transmit
and receive algorithms to generate a 32 bit CRC value

function CRC32 (f: Frame): CRCValue;
begin

CRC32 := {The 32-bit CRC }
end; (CRC32}

Purely to enhance readability, the following proc
procedure nothing; begin end;

The idle state of a process (that is, while Waiting
repeated calls on this procedure.

4.3 Interfaces to/from Adjacent Layers

4.3.1 Overview. The purpose of this section is to
of the interfaces between the architectural layers d¢
> pliance with the Media Access Service Specification
dition, the services required from the physical medi

The notation used here is the Pascal language, in

edure is also defined:

for some event)is cast as

provide precise definitions

ofined in Section 1 in com-

given in Section 2. In ad-
um are defined.
keeping with the procedu-

ral nature of the precise MAC sublayer specification (see 4.2). Each interface

is described as a set of procedures or-shared variable

s, or both, that collectively

provide the only valid interactions between layers. The accompanying text

describes the meaning of each procedure or varlabﬂ

plicit interactions among them.

e and points out any im-

Note that the description of the interfaces in Pascal is a notational tech-

nique, and in no way-implies that they can or shoul
ware. This point is 'discussed more fully in 4.2, that
declarations for the data types used in the remainde
that the “synchronous” (one frame at a time) nature

and reception operations is a property of the architect

LLC and"MAC sublayers, and need not. be reflecte
interfdace between a station and its sublayer.

4.3.2 Services Provided by the MAC Sublayer.
LLC sublayer by the MAC sublayer are transmiss
m in hrough which the LLC subl

d be implemented in soft-
provides complete Pascal
r of this section. Note also
of the frame transmission
ural interface between the
od in the implementation

The services provided to the
ion and reception of LLC
er u e facilities of the

MAC sublayer therefore consists of a pair of functions.

Functions:
TransmitFrame
ReceiveFrame

74



https://iecnorm.com/api/?name=cdb6b51a953a7441ecbc6077649b38e3

ISOAEC 8802-3 : 1992
CSMA/CD ANSIIEEE Std 802.3, 1992

Each of these functions has the components of a LLC frame as its parameters
(input or output), and returns a status code as its result. Note that the ser-
vice_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;

sourcelParam: 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);

Successful transmission is indicated by the status’code transmitOK; the
code excessiveCollisionError indicates that the transmission attempt was
aborted due to excessive collisions, because of heavy traffic or a network fail-
ure.

The LLC sublayer 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 com-
plete 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);

Suceessful reception is indicated by the status code receiveOK. The code
frameCheckError indicates that the frame received was damaged by a trans-
mission error. The code alignmentError indicates that the frame received
was damaged, and that in addition, its length was not an integer number of

octets. The lengthkrror indicates the lengthParam value was inconsistent
with the frameSize of the received frame.

4.3.8 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 Boolean variables.

(5]
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ReceiveBit TransmitBit collisionDetect
Wait carrierSense
transmitting

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

procedure TransmitBit (bitParam: Bit);

Each invocation 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 to accept the next blt and it\transfers control
to the MAC sublayer.

The overall event of data being transmitted 1s‘ 51g'naled to the Physical
Layer by way of the variable transmitting: \1

var transmitting: Boolean;

Before sending the first bit of a frame, the MAC sublayer sets transmitting to
true, to inform the Physical Media Access that a stream of bits will be pre-
sented via the TransmitBit operation. After the last bit of the frame has been
presented, the MAC sublayer sets trafismitting 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 collisionDetect:

var collisionDetect:-Boolean;

The collisionDetect signal remains true during the duration of the colli-
sion. ‘

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

|

The’ collisionDetect signal is generated only during transmission and is
never true at any other time; in particular, it cannot be used during frame re-
ception to detect collisions between overlapping tr‘a'nsmissions from two or
L___more-other stations:
During reception, the contents of an incoming frame are retrieved from the
Physical Layer by the MAC sublayer via repeated use of the ReceiveBit opera-
tion:

\
|
|
i

function ReceiveBit: Bit;
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Each invocation of ReceiveBit retrieves one new bit of the incoming frame
from the Physical Layer. The ReceiveBit operation is synchronous. Its dura-
tion is the entire reception of a single bit. Upon receiving a bit, the MAC sub-
layer shall immediately request the next bit until all bits of the frame have
been received. (See 4.2 for details.)

The overall event of data being received is signaled to the MAC sub-layer 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 true/false
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 sublayer. (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 procédure Wait:

procedure Wait (bitTimes: integer);

This procedure waits for the specified number of bit times. This allows the
MAC sublayer to measure time-intervals in units of the (physical-medium-
dependent) bit time. ‘

Another important property of the Physical Layer, which is an implicit part
of the interface presented to the MAC sublayer, is the round-trip propagation
time of the physical medium. Its value represents the maximum time required
for a signal to propagate from one end of the network to the other, and for a
collision to propagate back. The round-trip propagation time is primarily (but
not entirely) a‘function of the physical size of the network. The round-trip
propagation-time of the Physical Layer is defined in 4.4 for a selection of
physical media.

4.4 Specific Implementations

44.1 Compatibility Overview. To provide total compatibility at all levels of
theé standard, it is required that each network component implementing the
CSMA/CD MAC sublayer procedure adheres rigidly to these specifications.

The information provided in 4.4.2.1 below provides design parameters ior a
specific implementation of this access method. Variations from these values
result in a system implementation that violates the standard.
4.4.2 Allowable Implementations
4.4.2.1 Parameterized Values. The following table identifies the param-
eter values that shall be used in the 10Mb/s implementation (type 10BASE5) of
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a CSMA/CD MAC procedure. The primary assumpﬁons are that the physical
medium is a baseband coaxial cable with propertles given in the Physical

Layer section(s) of this standard.

Parameters Values
slotTime 512 bit times
interFrameGap 96 s
attemptLimit 16

backoffLimit 10

jamSize 32 hits
maxFrameSize 1518 octets
minFrameSize 512 bits (64/octets)
addressSize 48 bits

WARNING: Any deviation from the above valu

system may affect proper operation of the LAN.

See also DTE Deference Delay in 12.9.2.
4.4.2.2 Parameterized Values. The following

used for 1IBASES5 implementations:

Parameters

slotTime
interFrameGap
 attemptLimit
backoffLimit
jamSize
maxFrameSize
minFrameSize
addressSize

See also DTE Deference Delay in 12.9.2.

Yalues
512 bit-times
96 us

16

10

32 bits
1518 octets
512 bits (64 octets)
48 bits

WARNING: Any deviation from the above spe

proper-operation of the network,
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5. Network Management.

In CSMA/CD no peer management functions’ are necessary for initiating,
terminating, or handling abnormal conditions. Monitoring of ongoing" ac-
tivities is done by the carrier sense and collision detect mechanisms.-These
are necessary for the normal operation of the protocol. Hence they are/not con-
sidered as part of network management. Also, other monitoring of ongoing
activities, which are media independent, should be done by LEC or higher lay-
ers, This allows the media access method to be implemented i’ a cost effective
manner.

It is useful to identify local or nodal management activities for the LAN.
Protocols and interfaces to support such functions have not yet been defined.
Defining local or nodal management functions, are very useful for designers
and users, although such protocols are not negessary for compatibility between
two systems.

Standardizing these functions will promote compatibility of components
(for example, LSI controller chips) which implement portions of this standard.
It will also make practical high level protocols for distributed control and
maintenance of LANs.

"The elaboration of management functions is under active consideration.
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6. Pl 3 H 1

U A

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 imply any particular implemen-
tation.

6.2 Overview of the Service

6.2.1 General Description of Services Provided by the Layer. The services
provided by the PLS sublayer allow the local MAC sublayer entity to exchange
data bits (PLS data_units) with peer MAC sublayer entities.

6.2.2 Model Used for the Service Specification. The model used in this ser-
vice specification is identical to that used in 1.2:21.

6.2.3 Overview of Interactions. The primitives associated with the MAC sub-
layer to PLS sublayer interface fall into twio basic categories:

(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

(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
beé received by the entity itself.

The PLS_CARRIER and the PLS_SIGNAL primitives provide information
needed by the local MAC sublayer entity to perform the media access func-
tions.

6.2.4 Basic Services and Options. All of the service primitives described in
this section are considered mandatory.
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Fig 6-1

Service Specification Relationship to the LAN Model

6.3 Detailed 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 th

MAC sublayer to thelocal PLS entity.

6.3.1.1.2 Semantics of the Service Primitive

vide the following parameters:

PLS_DATATrequest (OUTPUT_UNIT)

The OUTPUT_UNIT parameter can take on o

e transfer of data from the

. The primitive shall pro-

ne of three values: ONE,

ZERO, or DATA_COMPLETE and represent

DATA_COMPLETE value signifies that the Med1a Access Control sublayer

has no more data to output.
68.3.1.1.3 When :

a single data bit. The

layer to request the transmlssmn of a single data lpt on the physwal medium

or to stop transmission.

6.3.1.14 Effect of Receipt. The receipt of tlhs primitive-will cause the

PLS entity to encode and transmit elther a single da

sion.

ta bit or to cease transmis-
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6.3.1.2 PLS_DATA.indicate
6.3.1.2.1 Function. This primitive defines the transfer of data from the
PLS sublayer to the MAC sublayer.
6.3.1.2.2 Semantics of the Service Primitive. The semantics of the
primitive are as follows:

PLS_DATA.indicate (INPUT_UNIT)

e INF —UNITparamete

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.

6.3.1.2.4 Effect of Receipt. The effect of receipt of this primitive by the

MAC sublayer is unspecified.
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: CAR-
RIER_ON or CARRIER_OFF. The CARRIER_ON value indicates that the
DTE Physical Layer had recéived an input message or a sig-
nal_quality_error message from-the MAU. The CARRIER_OFF value indi-
cates that the DTE Physical Layer had received an input_idle message and is
not receiving an SQE signal_quality_error message from the MAU.

6.3.2.1.3 When Generated. The PLS_CARRIER.indicate service prim-
itive is generated whenever CARRIER_STATUS makes a transition from
CARRIER_ON to CARRIER_OFF or vice versa.

6.3.2.1.4 Effect of Receipt. The effect of receipt of this primitive by the
MAC sublayer, is-unspecified.

6.3.2.2 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 ser-
vice-primitive are as follows:

PLS_SIGNAL.indicate (SIGNAL_STATUS)

The SIGNAL_STATUS parameter can take one of two values: SIG-
NAL_ERROR or NO_SIGNAL_ERROR. The SIGNAL_ERROR value indi-
cates to the MAC sublayer that the PLS has received a signal_quality_error
message from the MAU. The NO_SIGNAL_ERROR value indicates that the
PLS has ceased to receive signal_quality_error messages from the MAU.
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6.3.2.2.3 When Generated. The PLS_SIG)
tive is generated whenever SIGNAL_ STATUS
SIGNAL_ERROR to NO_SIGNAL_ERROR or vice

6.3.2.2.4 Effect of Receipt. The effect of rec
MAC sublayer is unspecified.

NAL.indicate service primi-
makes a transition from
» Versa.

eipt of this primitive by the
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terface (AUI) Specifications
7.1 Scope. This section defines the logical, electrical, and mechanical’char-
acteristics for the PLS and AUI between Data Terminal Equipmént and
Medium Attachment Units used in CSMA/CD local area networks..The rela-
tionship of this specification to the entire ISO [IEEE] Local Area Network stan-
dards 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 develop-
ment of simple and inexpensive MAUSs.

Fig 7-1
Physical Layer Partitioning, Relationship
to OSI Reference Model
os| LAN
REFERENCE MODEL CSMA/CD
LAYERS LAYERS
APPLICATION : .
HIGHER LAYERS
PRESENTATION A [ic
/| LOGICAL LINK CONTROL
WAC _DTE & DTE
SESSION MEDIA ACCESS CONTROL AVl not
exposed)
TRANSRORT
NETWORK -
DATA LINK :
PMA — MaU
PHYSICAL ]
— === 5t
5 MEDIUM 4
AUl = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT
MDI = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT
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This interface has the following characteristics:

(1) Capabile of supporting one or more of the specified data rates

(2) Capable of driving up to 50 m (164 ft) of cable

(3) Permits 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, equip-
ment within a data station.

NOTE: The AUI carries encoded control and data signals betwedn the DTEs PLS sublayer and the
MAUs 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 of one bit symbol (1/BR).

circuit. The physical medium on which signals are carried across the AUL
The data and control circuits consist of an A citeuit 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 (CD1). A Manchester'encoded data “1.” ACD1 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 djata “0.” A CDO is encoded as
a HI for the first half of the bit-cell and a LO for the isecond half of the bit-cell.

Control Signal One (CS1)! An encoded control signal used on the Control In
and Control Qut circuits: A CS1 is encoded as a s1gna1 at half the bit rate
(BR/2).

Control Signal Zero (CS0). An encoded control signal used on the Control In
and Control Out circuits. A CS0 is encoded as a signal at the bit rate (BR).

idle (IDL).-A signal condition where no transition occurs on the transmission
line is used to define the end of a frame and ceases to exist after the next LO to
HI transition on the AUI circuits. An IDL always begins with a HI signal
level:"A driver is required to send the IDL signal for at least 2 bit times and a
receiver is required to detect IDL within 1.6 bit times. See 7.3 for additional
details.

7.1.2 Summary of Major Concepts
(1) Each direction of data transfer is serviced with two (making a total of
four) balanced circuits: “Data” and “Control.”
(2) The Data and Control circuits are independently self-clocked, thereby,
eliminating the need for separate timing circuits. This is accomplished with
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encoding of all signals, The Control circuit signaling rate is nominally (but
not of necessity exactly) equal to the Data circuit signaling rate.

(3) The Data circuits are used only for data transfer. No control signals as-
sociated with the interface are passed on these circuits, Likewise, the Control
circuits are used only for control message transfer. No data signals associ-
ated with the interface are passed on these circuits.

:‘GG‘:G- u“‘;-‘ﬁ;;;;; &S v Y€ RteTrTaceseq D RTETrCOoOnneC
Data Terminal Equipment (DTE) to a MAU that is not integrated as a physical
part of the DTE. This interface is used to

(1) Provide the DTE with media independence for baseband coax, broadband
coax, and baseband fiber 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 BTE 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.

When the interface is being operated in the normal-mode, the AUI is logi-
cally connected to the MDI, The DTE is required to-follow the media access
algorithms, which provide a single access procedure compatible with all local
area network media, to send data over the AUIL.The MAU always sends back
to the DTE whatever data the MAU receives on the MDL

When the interface is in the optional monitor mode, the MAUs transmitter
is logically isolated from the medium. The MAU, in this mode, functions as
an observer on the medium. Both the.input function and the signal quality er-
ror function are operational (see the MAU state diagrams for specific 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 can 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 difficult 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 are all designed to
this end! Figure 7-2 is a reference model, a generalized MAU as seen by the
DTE through the AUT

Many of the terms used in this section are specific to the interface between

Specification for the PLS sublayer.

7.2.1 PLS-PMA (DTE-MAU) Interface Protocol. The DTE and MAU com-
municate by means of a simple protocol across the AUIL
7.2.1.1 PLS to PMA Messages. The following messages can be sent by PLS
sublayer entities in the DTE to PMA sublayer entities in the MAU:
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DATA OUT o N .

/I\ MEDIUM
CONTROL OUT ._\ i ISOLATE

CONTROL IN B SIGNAL
QUALITY

DATA IN . \J}

NOTE: The AUl (comprised of DO, Di, CO, Cl circuits) is not exposed
when the MAU is; optionally, part of thq DTE.

Fig 7-2
Generalized MAU Model
Message Meaning
output Output information
output_idle No data to be output
normal Cease to isolate the MAU
(Optional)
isolate Isolate MAU
mau_request Request that the MAU be made available
7.2.1.1,Y 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
DTE to the MAU on the Data Out circuit. The DTE sends a CDO if the OUT-
PUT_UNIT is a ZERO or a CD1 if the OUTPUT_UNIT is a ONE. This mes-
completed over the AUT until one bit time later. The output message cannot be
sent agam until the bit cell being sent as a result of sendmg the previous output
message is complete. ‘

7.2.1.1.2 output_idle Message. The PLS sublayer sends an output_idle
message to the PMA sublayer at all times when the MAC sublayer is not in the
process of transferring output data across the MAC to PLS interface. The out-
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put_idle message is no longer sent (and the first OUTPUT_UNIT is sent us-
ing 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 circut.

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 RE-
SET_MONITOR_MODE from the management entity. The normal message
is sent continuously by the PLS sublayer to the MAU, unless the PLS Output
Function requires that the mau_request message be sent to permit-data output.
If mau_request is sent during data output, the sending of narmal will be re-
sumed when the PLS Output Function returns to the IDLE state. The normal
signal 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 to the PMA (in the MAU) whenever,the PLS sublayer receives
SET_MONITOR_MODE from the management entity. In response to the iso-
late message, the MAU causes the means employed to impress data on the
physical medium to be positively prevented from affecting the medium. Since
signaling and isolation techniques differ-from medium to medium, the man-
ner in which this positive isolation of-the transmitting means is accomplished
is specified in the appropriate MAU section. 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 transmissions of other stations
even in the event that the mleans normally employed to prevent the transmitter
from affecting the medium have failed to do so. The specification of positive
isolation is not to be-construed to preclude use of either active or passive de-
vices to accomplish this function.

The physical realization of the isolate message is a CS0 signal sent by the

DTE to the MAW over the Control Out circuit.

7.2.1.5 mau_request Message (Optional). The PLS sublayer sends the
mau_reguest message to the PMA sublayer if the PMA sublayer is sending the
mau_not-available message and the MAC sublayer has sent the first OUT-
PUT.UNIT of a new transmission. The PLS sublayer continues to send the
mau_request message to the MAU until the MAC sublayer sends the
DATA_COMPLETE request to the PLS sublayer across the MAC to PLS inter-

L face—SeeRigs-7-3-7-b;-and-7-9-for-details:

In addition, the mau-request message is used by the Reset and Identify
Function in the IDENTIFY 3 state to determine whether the MAU has the Iso-
late Function.

The physical realization of mau_request is a CS1 sent by the DTE to the
MAU on the Control Out circuit. '
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\J/———PowerOn + RESET_.REQUEST

INITIALIZE,

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

® pls_reset

DTE has CO * Identify
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IDENTIFY 2

DTE has CO * Identify

mau_..available

@ isolate

v

IDENTIFY 1.

® normal

mau..not_.available

mau_.not._.available

mau_.available CONDITIONED MAU
SWITH ISOLATE
®-pls_start
UNCONDITIONED or HALT (See Fig 7-9)
_"“"_§.IM.R':'_E.“M6E{ .............................................. [Operotion Condiﬁoned]
® pis_start [incompatible]
(See Fig 8-3)
(See Fig 8-2)
[Operation Simplel
i
IDENTIFY 3 1
timer_done * mau_available Omau_request """""" n:mu_not_ovailoble
\/ [start timer) V/
SIMPLE MAU % UNCONDITIONED MAU
..................................... W'TH ISOLATE
o pls_start O e IR

(See Fig 8-3)

® pls_start
[Operation Simplel

(See Fig 8-3)
[Operation Isolate]

OPERATE

® pls_start

Identify

NOTES: (1) All states miay 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 Lavai) ial i -

Fig7-3
PLS Reset and Identify Function
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RESET —pls_reset

® normal

pls_start

NORMAL

SET_| MONITOR_MOD

RESET_MONITOR_MODE

MONITOR

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

® isolate

NOTE: Monitor State is optional.

Fig 74
PLS Mode Function

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

7.2.1.2 PMA. to PLS Interface. The following messages can be sent by the
Physical Medium Attachment sublayer entities in the MAU to the PLS sub-
layer entities.in the DTE:

Mesgsage Meaning

input Input information

3 L i i ticn

signal_quality_error Error detected by MAU

mau_available MAU is available for output
(Optional)

mau_not_available MAU is not available for output

a
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RESET
o output_idle
< pls_reset ‘ .....MAU REQUEST
pls_start | ® mau._request

OUTPUT_UNIT * mau_not_ovailable e output_idle

IDLE [set request_flagl

o output_idle

mau_avagilable
fclear output._. |

in_.process)

mau_not_available

[clear request_flagl |[OUTPUT_UNIT # mau_availabfle

N | START
ueT | 1 b3
, ©® \ mdu_request
OUTPUT ABORT i :
.................................... mou—not (lf requeSt—flog)
@ output_idle —available '~ [set output_
, in_process]
® OUTPUT_ABORT [set_transmitting__flagl
mau_not_.available ucr output_done
MAU CLEAR SO o Lot S
e output_idle ® output

[resume Mode Function
control of control out
signall

® mau_request
(if request._flag)

output._|done
[clear request._flagl OUTPUT_UNIT

FETCH BIT

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

—_— ® OUTPUT_NEXT
mau_available request_flag * DATA_COMPLETE ® mau_request

(if request_flag)

® output
request_flag * DATA_COMPLETE |

NOTE: UCT = unconditional trénsition

Fig 7-5 |
PLS Output Function
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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 mapping 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 sig-
nal_quality_error message is being sent by the MAU, the symmetry specifi-
cations for circuit DI are not guaranteed to be met.
forms. If the signal_quality_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-gpeci-
fication for timing and jitter.

7.2.1.2.2 input_idle Message. The PMA sublayer sends an-input_idle
message to the PLS sublayer when the MAU does not have data to’send to the
DTE.

The physical realization of the input_idle message is an'IDL sent by the

MAU to the DTE on the Data In circuit.

7.2.1.2.3 signal_quality_error Message. The PMA sublayer sends a
signal_quality_error message to the PLS sublayer in response to any of three
possible conditions. These conditions are improper signals on the medium,
collision on the medium, and reception of the-outpui_idle message. They are
described in the following numbered paragraphs. The physical realization of
the signal_quality_error message is a CS0.sent by the MAU to the DTE on the
Control In circuit, '
NOTE: The MAU is required to assert the signal_quality_error message at the appropriate times

whenever the MAU is powered, and not just'when the DTE is requesting data output. See Figs 7-9,
8-2, and 8-3 for details.

(1) Improper Signals on“the Medium. The MAU may send the sig-
nal_quality_error messagé at any time due to improper signals on the
medium. The exact nature of these improper signals are medium-dependent.
Typically, this condition might be caused by a malfunctioning MAU (for ex-
ample, repeater or head-end) connected to the medium or by a break or short in
the medium. See'the appropriate MAU specification for specific conditions that
may cause improper signals on a given medium.

(2) Collision. Collision occurs when more than one MAU is transmitting on
the medium. The local MAU shall send the signal_quality_error message in
every(instance when it is possible for it to ascertain that more than one MAU is
transmitting on the medium. The MAU shall make the best determination
possible. The MAU shall not send the signal_quality_error message when it
is unable to determine conclusively that more than one MAU is transmitting.

(3) signal_quality_error Message Test. The MAU sends the signal_ qual-
ity_error message at the completion of the Output Function. See Fig 7-9 and
Section 8 for a more complete description of this test.

7.2.1.2.4 mau_available Message. The PMA sublayer sends the
mau_available message to the PLS sublayer when the MAU is available for

93



https://iecnorm.com/api/?name=cdb6b51a953a7441ecbc6077649b38e3

ISO/IEC 8802-3 : 1992 i
ANSVIEEE 802 Std 802.3, 1992 LOCAL AND METI%OPOLITAN AREA NETWORKS:

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 sig-
nal_quality_error 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 avazlable message is an IDL sent by
the MAU to the DTE on the Control In circuit. ‘
7.2.1.2.5 mau_not_available Message (OPTIONAL) The PMA sub-

layer sends a mau_not_available message to the PLS sublayer when the MAU
is not available for output. Figure 7-5 shows the relationship Cof
mau_not_available to the Output Function.

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 tocsignal the
presence of the Isolate Function during the PLS Reset Function)(see Fig 7-3
and 8-3).

The physical realization of the mau_not avazlable message is a CS1 sent by
the MAU to the DTE on the Control In circuit. s

7.2.2 PLS Interface to MAC and Management Entities. The PLS sublayer
interfaces described here are for reference only. | ‘Thls section specifies the
services sent between the MAC sublayer and the PLS sublayer.

7.2.2.1 PLS-MAC Interface. The following messages can be sent between
PLS sublayer entities and MAC sublayer entities:

Message Meaning .®
OUTPUT_UNIT Datasent to the MAU|
OUTPUT_STATUS Regponse to OUTPUT_UNIT
INPUT_UNIT Data received from the MAU
CARRIER_STATUS Indication of input activity

SIGNAL_STATUS Indication of error/np error condition

7.2.2.1.1 OUTPUT_UNIT. The MAC sublayer sends the PLS sublayer
an OUTPUT_UNIT every time the MAC sublayer has a bit to send. Once the
MAC sublayer-has sent an OUTPUT_UNIT to the PLS sublayer, it may not
send another-OUTPUT_UNIT until it has recel\)ed an OUTPUT_STATUS
message«from the PLS sublayer. The OUTPUT_UNIT is a ONE if the MAC
sublayer-wants the PLS sublayer to send a CD1 to the PMA sublayer, a ZERO if
a CD0Q'is desired, or a DATA_COMPLETE if an IDL is desired.

7.2.2.1.2 OUTPUT_STATUS. The PLS sublayer sends the MAC sub-
layer OUTPUT_STATUS in response to every OUTPUT _UNIT received by
the PLS sublayer. OUTPUT_STATUS sent is an QUTPUT_NEXT if the PLS

sublayer 1s ready to accept the next OUTPUT_UNIT from the MAC sublayer,
or an OUTPUT _ABORT if the PLS sublayer was no% able to process the previ-
ous OUTPUT_UNIT. (The purpose of OUTPUT_ STATUS is to synchronize
the MAC sublayer data output with the data rate of the physical medium.)
7.2.2.1.3 INPUT_UNIT. The PLS Sublayer sends the MAC sublayer an
INPUT_UNIT every time the PLS receives an mpyt message from the PMA

M
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sublayer. The INPUT_UNIT is a ONE if the PLS sublayer receives a CD1
from the PMA sublayer, a ZERO if the PLS sublayer receives a CDO from the
PMA sublayer.

7.2.2.1.4 CARRIER_STATUS. The PLS sublayer sends the MAC sub-
layer CARRIER_STATUS whenever the PLS sublayer detects a change in
carrier status. The PLS sublayer sends CARRIER_ON when it receives an
input or signal_quality_error message from the PMA and the previous

CARRIER_OFF. The PLS sublayer sends CARRIER_OFF when it receives
an input_idle from the PMA sublayer, no signal_quality_error (either
mau_available or mau_not_available) message and the previous CAR-
RIER_STATUS that the PLS sublayer sent to the MAC sublayer was CAR-

RIER_ON.
7.2.2.1.5 SIGNAL_STATUS. The PLS sublayer sends the MAC sub-

layer SIGNAL_STATUS whenever the PLS sublayer detects a change in the
signal quality (as reported by the PMA). The PLS sublayer sends SIG-
NAL_ERROR when it receives a signal_quality_error-message from the
PMA sublayer and the previous SIGNAL_STATUS the LS 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 tothe MAC sublayer was SIG-
NAL_ERROR.

7.2.2.2 PLS-Management Entity Interface. The following messages may
.be sent between the PLS sublayer entities and intralayer or higher layer man-
agement entities:

Message ~ Meéeaning

RESET_REQUEST Reset PLS to initial “Power On” state
RESET_RESPONSE Provides operational information
MODE_CONTROL Control operation

SQE_TEST Signal Quality Error test results

7.2.2.2.1 RESET_REQUEST. The management entity sends the PLS
sublayer-RESET_REQUEST when the PLS sublayer needs to be reset to a
known state. Upon receipt of RESET_REQUEST, the PLS sublayer resets all
internal logic and restarts all functions. See Fig 7-3 for details.

7.2.2.2.2 RESET_RESPONSE., The PLS sublayer sends the manage-
ment entlty RESET RESPONSE upon completlon of the Reset and Identlfy

RESET REQUEST Whlch RESET RESPONSE was sent is determmed by
the Reset and Identify Function. A RESET_RESPONSE of OPERATION
SIMPLE, OPERATION ISOLATE, or OPERATION CONDITIONED is sent if
the MAU is compatible with the DTE and the MAU is simple (no isolate) or if
the DTE does not support Isolate even if Isolate is supported by the MAU, sup-

%
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ports Isolate but does not require conditioning, or supports Isolate and does re-
quire conditioning to output. A RESET RESPONSE of INCOMPATIBLE is
sent if the MAU is not compatible with the DTE (that is, the MAU requires con-
ditioning but the DTE does not support conditioning).

7.2.2.2.83 MODE_CONTROL. The management entity sends
MODE_CONTROL to the. PLS sublayer to! control PLS functions.
MODE_CONTROL capabilities are ,

Message Meaning

ACTIVATE_PHYSICAL - Supply power on circuit VP

DEACTIVATE_PHYSICAL Remove power from circuit VP
SET_MONITOR_MODE Send Isolate to MAU
RESET_MONITOR_MODE Send Normal to MAU

7.2.2.2.4 SQE_TEST. The PLS sublayer sends SQE TEST to the man-

agement entity at the conclusion of each szgnal_qualzty error test (see Output
Function, 7.2.4.3). The PLS sublayer sends SQE TEST_ERROR if the sig-
nal_quality_error test fails or SQE_TEST OK 1f‘ the signal_quality_error
test passes.

7.2.3 Frame Structure, Frames transmitted on the AUI shall have the fol-
lowing structure: ;

<sﬂence><preamble><sfd><data><etd><silen}ce>

The frame elements shall have the following ch#racteristics:

Element Characteristics

<silence> = no transitions

<preamble> = alternating (CD1) and (CDO) | 56 bit times (ending in CDO0)
<sfd> = (CDl)(CDO)(CD1)(CDO)(CD1)(CDO)(CD1)(CD1)

<data> =8xN |

<etd> = IDL |

\
7.2.3.1 Silence. The <silence> delimiter proviaes an observation window
for an unspeclﬁed period of time during which no transitions occur on the
AUY. The minimum length of this period is speclﬁed by the access procedure,
7.2.3.2 Preamble. The <preamble> dehmlter begins a frame transmis-
sion and provides a signal for receiver synchromzatlon The signal shall be
an alternating pattern of (CD1) and (CD0). 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 beginning of each frame. The last bit of the pres‘lmble (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 ad-
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equate number of bits are provided to each system component to correctly im-
plement 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

(CD1YCDOXCD1XCDOXCD1)(CDOXCD1)CD1)

7.2.8.4 Data. The <data> in a transmission shall be in multiples of eight
—(8)encoded data bits (€D Osand - CH 1s):
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 sighal
shall be an IDL.

7.2.4 PLS Functions. The PLS sublayer functions consist of a Reset and
Identify Function and five simultaneous and asynchronous functions! These
functions are Output, Input, Mode, Error Sense, and Carrier Senseé’ 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
showin in Figs 7-3 through 7-8, using notation described in\1.2.1.

These functions are depicted in the state diagrams shown in Figs 7-3, 7-4, 7-
5, 7-6, 7-7, and 7-8 using the notation deseribed 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 management en-
tity. The Reset and Identify Function initializes all PLS functions, and
(optionally) determines the capability of the MAU attached to the AUl Figure
7-3 is the state diagram of the Reset. and Identify Function. The Identify por-
tion of the function is optional.

7.2.4.2 Mode Function. The:MAU functions in two modes: normal and
monitor. The monitor mode is-optional. The state diagram of Fig 7-4 depicts
the operation of the Mode Function, When the MAU is operating in the normal
mode, 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’ medium 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.isolation techniques differ from medium to medium, the manner in
which this positive isolation of the transmitting means is accomplished is
specified in the appropriate MAU document. However, the intent of this posi-
with the physical medium in such a way as to affect transmission of other
stations even in the event of failure of the normal transmitter disabling con-
trol 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.
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RESET <——— pis_reset
pls..start
__BIT BUCKET
SQE * input_.idle
INPUT IDLE
CARRIER_OFF
CARRIER_ON
CARRIER..OFF
DISCARD TRASH
[Discard the first
15 bit cells received.] INPUT DATA.
® input—Unit (N)
Input
UCT
INITIALIZ
........................ INCREMENT
N=11 NSt e
IN=N+ 1)
Input (bit N) -
INPU
............ RO uer
y [ Input (bit N + 1)
NOTFE—HCT=urcomnditiomat-tramsition
Fig7-6
PLS Input Function
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RESET e pls_.reset

pls_start
NO ERROR uer NG ERROR HOLD
@ NO_SIGNAL_ERROR
SQE
SQE
ERROR HOLD uer ERROR

® SIGNAL_ERROR

NOTE: UCT = unconditional transition

Fig 7-7
PLS Error Sense Function

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, Network Management, will
provide details on the proper use of this function.

7.2.4.8 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 dlagram of Fig 7-5 depicts the Output ,
Function operation.

At the conclusion of‘the Qutput 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.

7.2.4:4 Input Function. The PLS sublayer Input Function transparently
performs the task of data transfer from the MAU to the MAC sublayer. The
state diagram of Fig 7-6 depicts the Input Function operation.

7.2 4 5 Error Sense Functxon. The PLS sublayer Error Sense Functlon

ever there is a change in the s1gnal quahty mformatlon recelved from the
MAU. The state diagram of Fig 7-7 depicts the Error Sense Function opera-
tion,

7.2.4.6 Carrier Sense Function. The PLS sublayer Carrier Sense Func-
tion performs the task of sending CARRIER_STATUS to the MAC sublayer

9
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every time there is a change in CARRIER STATUS The state diagram of Fig
7-8 depicts the Carrier Sense Function operation.

Verification of the signal_quality_error detection mechanism occurs in the
following manner (in the absence of a fault on the medium).

(1) At the conclusion of the output function, the DTE opens a time window
during which it expects to see the signal_quality_error signal asserted on the
Control In circuit. The time window begins when CARRIER_STATUS be-

comes CARRIER_OFF. If execution of the Outpuwt Function does not cause
CARRIER_ON to occur, no SQE test occurs in the DTE. The duration of the
window shall be at least 4.0 ps but no more than 8.0 us. During the time\win-
dow (depicted as carrier_inhibit_timer, Fig 7-8) the Carrier Sense Funetion is
inhibited.

(2) The MAU, upon waiting Tw (wait time) after the conclusion-of output,
activates as much of the signal quality error detecthng mechanism as is possi-
ble without placing signals on the medium, thus sending the sig-
nal_quality_error message across the AUI for 10 + 5 bit timés (10/BR + 5/BR
seconds).

(3) The DTE interprets the reception of the szgnal_qualzty_error message
from the MAU as indication that the signal_ qualzty_error detecting mecha-
nism is operational and the signal_quality_error message may be both sent
by the MAU and received by the DTE, |

NOTES: |

(1) The occurrence of multiple (overlapping) transmitters on the medium durmg the time that
the test window is open, as specified above, will satisfy the test dnd will verify proper operation of
the signal quality error detecting mechanism and sending and recelvmg of the appropriate physi-
cal error message.

(2) If signal_quality_error exists at the:DTE before CARRIER OFF occurs, then the Collision
Presence test sequence within the PLS @s described in 7.2.4.3 above shall be aborted as shown in

Fig 7-8.

7.3 Signal Characteristics
7.3.1 Signal Encoding. Two different signal eneodmg mechanisms may be

used by the AUL One of the mechanisms is used to encode data, the other to en-
code control.

7.3.1.1 Data'Encoding. Manchester encodmg Is used for the transmission
of data across'the AUI. Manchester encoding is ? binary signaling mecha-
nism 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 the first
half{ a transition always occurs in the middle of each bit-symbol. During the
firgt*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 CD0 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 enco#led signal. An IDL always
starts with a HI signal level. Since IDL always starts with a HI signal, an ad-
ditional transition will be added to the data stream if the last bit sent was a
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pls._reset \]/
...CARRIER INITIALIZE  |&————————— ... RESET ...ccoee.
pls_start
® CARRIER_OFF
] uct |
............... DLE .....ccce. SGE + (input_idie + output.in_process)
input_.idle * SQE * | output_in_process
TRANS NO COLLISION RECEIVE/COLLISION
©® CARRIER_ON ® CARRIER_ON
UcT \]/ output_in..process uct
...CARRIER ON TRANS ——;I/ SQE
input._.idle * -
output_in_process\/ .. TRANS COLLISION | I%..... CARRIER ON_ ..
......... START TEST ...
® CARRIER..OFF . .S—Q-E * input._.idle SQE * input_idle *
[start carrier_inhib_timer] output_in_process
uer ..TRANS CARRIER OFF | |....} CARRIER OFF ...
® CARRIER..OFF ® CARRIER_OFF
Istart cdrrier..inhib_.timer)
eeeerers TR T SQE et '
carrier_inhibit_
timer..done ucT
e FALURE 2] L NO_FAL .
® SQE_TEST_-ERROR ® SQE_TEST_OK
uct
ucTt
T2
carrier_inhibit_
timer_done
NOTE: UCT = unconditional transition
SQE = signal_quality_error
: Fig7-8
PLS Carrier Sense Function
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PowerOn

mau_.request

ISOLATED

® positive_disable
@ disable__driver
®

mau_request

ISOLATE,/CONDITIONED

® positive._.disable
® enable_driver

mau..not._available

{lf no. nﬂmaunn\

® mau_available
{n‘ ne nnlllslnn\

L SQE (if collision)
normal

NOT 'ISOLATED

® not_positive_disable

disable_.driver

® mau._not_available
(if no._.collision)

® SQE (if collision)

mau_ | request

isolate

mau_.| request
CONDITIONED

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

® not._.positive_.disable
® enable_driver
® mau_available

(if no_.collision)
® SQE (if collision)

output

OUTPUT

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

® not_positive_disable
® enable_driver
® mau_available

(if noLcollision)
® SQE ((if) collision)

\l/ output_idle

s

mdu_requést

(a)

® SQE (if collision)

output

SOLATED OUTPUT

° pos:tlve disable
® enable_driver

® muau_available
(if. noxeollision)

® SQE (if)>ollision)

output_idle

OUTPUT IDLE

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

® positive_disable
® disable_driver

® mau_available

(if no_collision)
® SQE (if collision)

Tw

START TEST TIMER 1

{ posutlve disable
® disable_driver

® SQE (if collision)
® mau_available

(if no_.collision)

[start_.test_timer)

uct

' NOTE: See Figs 82 and 83 for simple and isolaté type MAUs.

Fig7-9

Interface Function for MAU with Copditioning
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\L uct

SQE TEST 1

® positive_disable

(if no_collision)

® SQE (if collision)

Tw

START TEST TIMER 2

not_.positive_disable
disable_driver
mau..available

(if no_collision)
SQE (if collision)

ucrt

SQE TEST

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

not_positive_.disable
disable_driver
SQE

test_.timer_done

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

not_.positive..disable
disable idriver
maucavailable

(if -no_.collision)
SQE’ (if collision)

® disable_driver
® SQE

test_timer._.done

@ positive_.disable

@ disable__driver
— - | ® mou_savailable

®

mau (if-t1o_collision)
_request SQE(if collision)

mau_request

(b)

NOTE: See Figs 82 and 8-3.for simple and isolate type MAUs.

Fig 7-9

- Interface Function for MAU with Conditioning
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ENCODED WAVEFORM — RANDOM, DATA

Fig7-10 3
Examples of Manchester Waveforms
|
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 IDL 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 transmis-
sion delimitér)" earlier than 1.3 bit times mlpractxcal The specific
implementation of the phase-locked loop or equivalent clock recovery
mechanism-determines the lower bound on the actual IDL detection time.
Adequate margin between lower bound and 1.6 bit times should be considered.

(2>Recovery of timing implicit in the data is easily accomplished at the re-
ceiving side of the interface because of the wealth of binary transitions guar-
anteed to be in the encoded waveform, independent of the data sequence. A
phase-locked loop or equivalent mechanism maintains continuous tracking

of the phase of the information on the Data circuit. |

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. Tile 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
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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 circuit is optional (O) as is one message on Control In. The
tolerance on CO is BR * 5% and on CI it is BR + 15%. The nominal duty cycle
is 50/50 and shall be no worse than 60/40.

The meaning of the signals on the Control Out circuit (DTE to MAU) are:

Signal 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 signals on the Control In circuit (MAU to DTE) are:

Signal Message Description

IDL mau_available Indicates that the MAU is ready to
output-data

CSs1 mau_not_available (0O) Indicates that the MAU is not ready to
oufput data

CS0 signal_quality_error Indicates that the MAU has detected

an error on input data

7.8.2 Signaling Rate. Signaling rates of from 1 to 20 Mb/s are encompassed
by this standard. This-edition 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 pre-
cluded that specific DTE and MAU designs be manually switched or set to al-
ternate 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 .4.

1

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 inter-
face, BR/2 is used to mean half the bit rate of the lowest signaling rate sup-
ported by any one implementation of this interface (see 7.3.2). An interface
may support one or more signaling rates. ‘
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NOTE: The characteristics of the driver and receiver can be|achieved with standard ECL logic
with the addition of an appropriate coupling network; however) this implementation is not manda-

tory.

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 folldwing sections.

quirements of this section under two bas1c sets of test conditions (that is, each|
of two resistive values). For drivers located thlun a DTE, a combinéd) in-
ductive load of 27 pH + 1% and either a 73 or 83 Q + 1% resistive load shall be
used. For a driver located within a MAU, a combmed inductive load\of 50 puH 4
1% and either 73 or 83 Q * 1% resistive load shall be used.

The differential output voltage, Vgn, is alternately positive@nd negative in|
magnitude with respect to zero voltage. The value of Vdm into either of the two
test loads identified above(R = 73 Q or 83 Q + 1%) at the interface connector of
the driving unit shall satisfy the conditions defined by yvalues Vi, Vy, and Vjy
shown in Fig 7-11 for signals in between BR and BNZ meeting the frequency
and duty cycle tolerances specified for the signal being driven. The procedure
for measuring and applying the test condition is as follows:

(1) Measure the output voltage Vg, for the driver being tested at the wave-
form point after overshoot, before droop, undeér test load conditions of 7.4.1.1.
This voltage is Va.

(2) Calculate V; and V3. |

(3) V7 shall be < 1315 mV, V3 shallbe > 450 mV, |

(4) The waveform shall remain within shaded area limits.

The differential output voltage magnitude, Vgn, into either of the two test
loads identified above, at the'interface connector of the driving unit during the
idle state shall be within.40 mV of 0 V. The current into either of the two test|
loads shall be limited tol4 mA.,

When a driver, connected to the appropnate two test loads identified above,
enters the idle state) it shall maintain a minimum differential output voltage
of at least 0.7 x:Vz mV for at least 2 bit times after the last low to high transi-
tion. The driver differential output voltage shall then approach within 40 mV
of 0 V within 80 bit times. In addition, the current into the appropriate test load
shall be limited in magnitude to 4 mA within 80 bi‘t times. Undershoot, if any,
upon<eaching 0 V shall be limited to -100 mV. See Flg 7-12.

For drivers on either the CO or CI circuits, the ﬁrst transition or the last pos-
itive going transition may occur asynchronously with respect to the timing of|
the following transitions or the preceding transition(s), respectively.

The receiving unit shall take precautions to ensure that a HI to idle transi-
tion is not falsely interpreted as an idle to nonidle transition, even in the pres-
ence of signal droop due to ac coupling in the mterface driver or receiver
circuits.

7.4.1.2 Requirements After Idle. When the driver becomes nonidle after a
period of idle on the interface circuit, the differential output voltage at the in-
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Fig 7-11

Differential Output Voltage, Loaded

107



https://iecnorm.com/api/?name=cdb6b51a953a7441ecbc6077649b38e3

ISO/IEC 8802-3 : 1992
ANSIIEEE 802 Std 802.3, 1992 LOCAL AND METROPOLITAN AREA NETWORKS:

ke 1>

+V
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STEADY STATE OFFSET INTO SPECIFIEDTEST LOAD
+/— 40 mV MAX |
+/— .4 mA MAX

R = RINGING SHALL BE <200 mV“PK-PK
AFTER Ty AND BEFORE To-

Fig 7-12
Generalized Driver Wavefom

terface connector shall-meet the requirements of 7 4.1.1 beginning with the
first bit transmitted. The first transition may occur asynchronously with re-
spect to the timing of the following transitions. ;

7.4.1.3 AC\Common-Mode Output Voltage. The magnitude of the ac com-
ponent 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 Qutput Voltage, Open Circuit. The differential output
voltage into an open circuit, measured at the interface connector of the driving
unit, shall not exceed 13 V peak.

ponent 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.

7.4.1.6 Fault Tolerance. Any single driver in the interface, when idle or
driving any permissible signal, shall tolerate the application of each of the
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Fig 7-13
Common-Mode Output Voltage

faults specified by the switch settings\in Fig 7-14 indefinitely; 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.

74.2 Receiver Characteristics. The receiver specified terminates the inter-
face cable in its characteristic impedance. The receiver shall function nor-
mally over the specified dc and ac common-mode ranges.

7.4.2.1 Receiver Threshold Levels, When the receiving interface circuit
at the interface’/connector of the receiving equipment is driven by a differen- -
tial input wignal at either BR or BR/2 meeting the frequency and duty cycle
tolerances specified for the receiving circuit, when the A lead is 160 mV posi-
tive with respect to the B lead, the interface circuit is in the HI state, and when
theArlead is 160 mV negative with respect to the B lead, the interface circuit is
in-the LO state. The receiver output shall assume the intended HI and LO
states for the corresponding input conditions.

NOTE: The specified threshold levels do not take precedence over the duty cycle and jitter toler-
ance specified elsewhere. Both sets of specifications must be met.

7.4.2.2 AC Differential Input Impedance. The ac differential input
impedance for AUI receivers located in MAUs shall have a real part of 77.83 Q
+ 6%, with the sign of the imaginary part positive, and the phase angle of the
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Fig 7-14
Driver Fault Conditions%

impedance in degrees less than or equal t0<0. 0338 times the real part of the
impedance, when measured with a 10 MHz sine wave.

The ac differential input impedance for AUI re{:ewers located in the DTE
shall have a real part of 77.95 Q + 6%, with the sign of the imaginary part posi-
tive, and the phase angle of the.impedance in deg'rees less than or equal to
0.0183 times the real part of théimpedance, when measured with a 10 MHz sine
wave.

A 78 Q + 6% resistor in ‘parallel with an mductance of greater than 27 uH or
50 pH for receivers incthe MAU and DTE respecthely, satisfies this require-
ment.

7.4.2.3 AC Common-Mode Range. When the ﬁecelvmg interface circuit at
the receiving equipment is driven by a dlﬁ'erentlal input signal at either BR
or BR/2 meeting the frequency and duty cycle tolerances specified for the cir-
cuit being driven, the receiver output shall assume|the proper output state as
specifiediin 7.4.2.1, in the presence of a peak common-mode ac sine wave
voltage either of from 30 Hz to 40 kHz referenced to circuit VC in magnitude
from-0 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.

7.4.24 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 tolerances specified for the cir-
cuit 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, de¢ plus ac,
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Fig 7-15
Common-Mode Input Test

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.

The receiver shall be so designed that the magnitude of the current from the
‘common-mode voltage source used in the test shall not exceed 1 mA.

7.4.2.5 Requirements After Idle. When thereceiver becomes nonidle after
a period of idle on the interface circuit, the characteristics of the signal at the
output of the receiver shall stabilize within\the startup delay allowed for the
device incorporating the receiver so that‘it’is not prevented from meeting the
jitter specifications established for that‘device.

7.4.2.6 Fault Tolerance. Any single receiver in the interface shall toler-
ate the application of each of the faults specified by the switch settings in Fig 7-
16 indefinitely, and after the fault condition is removed, the operation of the
receiver according to the specifications of 7.4.2.1 through 7.4.2.6 shall not be
impaired.

In addition, the magnitude of the current into either input of the receiver un-
der any of the fault conditions specified shall not exceed 3 mA.

7.4.83 AUI Cable Characteristics. The interface cable consists of individu-
ally shielded twisted pairs of wires with an overall shield covering these
individual shielded wire pairs. These shields must provide sufficient
shielding te ‘meet the requirements of protection against rf interference and
the folowing 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 AUT
connector shell as defined in 7.6.2 and 7.6.3. If a common drain wire is used

drain wire returns for each signal pair may be used (see 7.6.3). It is recom-
mended 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.
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Fig 7-16 |
Receiver Fault Conditions

The presence of the Control Out.signal pair is optional. If driver or receiver
circuit components for CO are not prov1ded cons1derat10n should be given to
properly terminating the CO signal pair within the DTE and MAU to preclude
erroneous operation.

7.4.3.1 Conductor Size. The dc power pair in the interconnecting cable,
voltage common and voltage minus, shall be composed of a twisted pair of suf-
ficient gauge stranded wires to result in a nominal dc resistance not to exceed
1.75 Q per conductor.

Conductor size for the signal pairs shall be dete*mmed 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 in the same cable sheath (when each pair is
driven-per 7.4.1.1-7.4.1.5) shall have a minimum value of 40 dB of attenua-
tion measured over the range of BR/2 to BR. *

7.4.3.3 Differential Characteristic Impedance. The differential charac-

teristic impedance for all pairs shall be equal w1thm 3Qand shallbe 718 + 5 Q
ney of BR.

7.4.34 Transfer Impedance *
(1) The common-mode transfer impedance shqll not exceed the values
shown in Fig 7-17 over the indicated frequency range.
(2) The differential mode transfer impedance for| all pairs shall be at least
20 dB below the common-mode transfer impedance.!
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Fig 7-17
Common-Mode Transfer Impedance

7.4.3.5 Attenuation. Total cable attenuation levels between driver and re-
ceiver (at separate stations) for each signal pair shall not exceed 3 dB over the
frequency range of BR/2 to BR (Hz) for sine-wave measurements.

74.3.6 Timing Jitter. Cable meetmg 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 7.4.8.1 through 7.4.3.7 is terminated in a 78 Q + 1%
resistor at the receiving end and is driven with pseudorandom Manchester
encoded binary data from a data generator which exhibits no more than 0.5 ns
of edge jitter on half bit.cells of exactly 1/2 BT and whose output meets the spec-
ifications of 7.4.1.1 through 7.4.1.5. This test shall be conducted in a noise-
free environment. - The above specified component is not to introduce more
than 1 ns of edge jitter into the system.

NOTE: Special atfention 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 Descnptlon of Interchange Circuits

cu'cults, power, and ground Two of the cn'cults carry encoded data and WO
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 the MAU. The interface also provides for power transfer from the
DTE to the MAU. The CO circuit is optional.
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7.5.2 Definition of Interchange Circuits. The following circuits are defined
by this specification:

Signal Direction
Circuit Name ‘ to MAU  from MAU Remarks
DO Data Out X Encoded Data
DI Data In X Encoded Data———
CO Control Out X Encoded Control
CI Control In - X Encoded Control
VP Voltage Plus X j 12 Volts
vC Voltage Common X i Return for VP
PG Protective Ground X Shield

7.5.2,1 Circuit DO-Data Qut. The Data Out (IjO) circuit is sourced by the
DTE. 1t is a differential 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 output
message containing a zero bit is encoded as CDO. An output message contain-
1ng a one bit is encoded as CD1. An output_idle message is encoded as an IDL.

The following symmetry requirements shall e met when the DTE trans-
fers pseudorandom 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 requlred to be 1 BT within the
permitted tolerance on data rate specified in 7.3.2. Half bit cells in each data |
bit are to be exactly 1/2 BT (that is, the reference point for edge jitter measure-
ments) within the permitted tolerance on the data rate specified in 7.3.2. Each
transition 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 thistransition would have occurred had no edge jitter oc-
curred on this signal.

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 (Ddta In circuit A) and DI-B
(Data In circait B).

The signal/transferred over this circuit is Manchester encoded. An input
message-¢ontaining a zero bit is encoded as CDO. An input message contain-
ing 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
without a detectable FCS error, normal preamble data arranged in legal
length packets as sent by another statlon to the DTE The test generator for the

ﬁed in 7.4.1, 1 through 7 4.1, 5 and shall dnve the £I c1rcu1t through a zero

length AUI cable. Random amounts of edge jitter from 0 to 12 ns on either side
of each transition shall be added by the test generator to transitions 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.
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Preamble length from the test generator shall be 47 bits of preamble, followed
by the 8 bit SFD.

NOTE: A significant portion of the system jitter may be nonrandom in nature and consists of a
steady-state shift of the midbit transitions in either direction from their nominal placement. A

16.5 ns edge jitter is expected on the transmitted signal at the receiving DTE, worst case. The dif-
ference between 16.5 ns and 18 ns jitter represents receiver design margin. .

7.5.2.3 Circuit CO-Control Out (Optional). The Control Out (CO) circuit is

sourced by the DTE. It is a differential pair consisting of CO-A (Control Out
circuit A) and CO-B (Control Out circuit B).

The signal transferred over this circuit is encoded as described in 7.3.1.2) A
mau_request message is encoded as CS1. A normal message is encoded as
IDL. An isolate message is encoded as CS0.

7.5.2.4 Circuit CI-Control In. The Control In (CI) circuit is sourced by the
MAU. It is a differential pair consisting of CI-A (Control In circuit A) and CI-
B (Control In circuit B).

The signal transferred over this circuit is encoded as described in 7.3.1.2. A
mau_available message is encoded as IDL. A mau_not.available message is
encoded as CS1. A signal_qguality_error message is éncoded as a CS0.

7.5.2.5 Circuit VP-Voltage Plus. The Voltage Plus (VP) circuit is an op-
tional circuit that may be sourced from the DTE(If this circuit is sourced from
the DTE it shall be capable of operating at one.fixed level between + 12 V d¢ —
6% and + 15 V de + 5% with respect to circuit VC for all currents from 0 to 500
mA. The source shall provide protection for this circuit against an overload
condition. The method of overload protection is not specified; however, under
no conditions of operation, either normal or overload, shall the source apply a
voltage to circuit VP of less thari0 or greater than + 15.75 V dc as specified
above. MAU designers are cautioned that protection means employed by power.
sources may cause the voltage at signal VP to drop below the minimum opera-
tional voltage specified without going completely to zero volts when loads
drawing in excess of the current supplied are applied between VP and VC.
Adequate provisions ghall be made to ensure that such a condition does not
cause the MAU to disrupt the medium.

If the DTE does not support circuit VP, it shall have no connection to this cir-
cuit.

7.5.2:6 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 made to circuit VC.

7.5.2.7 Circuit PG-Protective Ground. Circuit PG shall be connected to
chassis ground through a maximum dc resistance of 20 mQ at the DTE end.

I

meet the following requirements:
(1) Pins 1,4,8,11,14 connected to logic ground in the DTE
(2) Pins 1,4,8,11,14 capacitively coupled to VC in MAU
(3) Impedance to ground < 5 Q at the lowest operational BR/2 in the MAU and
at the highest BR in the DTE '
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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
fre-stidetatch—amnd-at-mad b e—tocks (asd

fined 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 mechanieal
mateability dimensions as specified in IEC 807-2 [7] shall be used for the line
interface connector. The shells of these connectors shall be plated with con-
ductive material to ensure the integrity of the cable shield to chagsig’current
path. The resistance of the cable shield to equipment chassis shall-not exceed
5 mQ, after a minimum of 500 cycles of mating and unmating.

In order to ensure intermateability of connectors obtaified from different
manufacturers, the connector with female contacts shall-conform to IEC 807-2
[7] and have a conductive plating. All additions to provide for female shell to
male shell conductivity shall be on the shell of the.connector with male con-
tacts. There should be multiple contact points around the sides of this shell to
provide for shield continuity.

The connector is not specified to prevent operator contact with the shield, and
precautions shall be taken at installation time to ensure that the installer is

Fig 7-19
Connector Slide Latch

(material 24 gauge maximum)

® 343 + 013 mm _ @ 252 + 0.23 mm

< }] N O

~— (B) \43.82 +025mm

© 366 £ 0.38 mm
R
Cax D — L

LEGEND

(0.135 + 0.005 inches)
(1.725 + 0.010 inches)
(0.144 + 0.015 inches)
(0.099 + 0.009 inches)
(0.180 inches diam min )

moo®>
LI |
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 PANEL SHALL BE FLUSH OR BEHIND
CONNECTOR FLANGE FOR PROPER DTE
SLIDE LATCH OPERATION

FEMALE ~ — MALE
CONNECTOR L /
WITH SLIDE &,

_— LATCH

AU
INTERFACE
5‘/ CABLE
n"n"nnnnmn nn )

1.58 mm PANEL OR

2 WASHERS 0.79 mm EACH
THICK UNDER HEX MALE CONNECTOR

WITH LOCKING POST

L

FEMALE
g MAU 3

Fig 7-20
Connector Hardware and AUI Cable Conﬁguratlon

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:
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Contact Circuit Use
3 DO-A Data Out circuit A
10 DO-B Data Out circuit B
1 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 Out circuit B
8 CO-8 ~ Control Out circuit Shield
2 CI-A Control In circuit A
9 CI-B Control In circuit B
1 CI-S Control In circuit Shield
6 vC Voltage Common
13 VP  Voltage Plus
14 VS Voltage Shield
Shell PG Protective Ground (Conductive Shell)

NOTE: Voltage Plus and Voltage Common use a single twisted pair in the AUI cable.
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21ale

Speciﬁtions,'l‘ype 10BASES5

asens

8.1 Scope
8.1.1 Overview. This standard defines the functional, electrical,and me-

chanical characteristics of the MAU and one specific medium for use with lo-
cal 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.

Fig 8-1
Physical Layer Partitioning, Relationship to the ISO
Open System Interconnection Reference Model

osl LAN
REFERENCE MODEL CSMA/CD
LAYERS LAYERS
APPLICATION
‘ HIGHER LAYERS
PRESENTATION ; e
/| LOGICAL LINK CONTROL
WAC —.DTE { DTE
SESSIRN MEDIA ACCESS CONTROL Aot
’,' / PLS exposed)
TRANSPORT PHYSICAL SIGNALING
NETWORK . i
DATA LNK | : 5
! — MAU
PHYSICAL _
_._“ lln!

AUl = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT

MDI = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT
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8.1.1.1 Medium Attachment Unit. The MAU has the following general
characteristics:
(1) Enables coupling the PLS by way of the AUI to the explicit baseband coax-
ial 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 considered in future additions to the standard).
(3) Provides for driving up to 500 m (1640 ft) of ‘coax1a1 trunk cable without

the use of a repeater.

(4) Permits the DTE to test the MAU and the medhum itself.

(5) Supports system configurations using the CSMA/CD access mechanism
defined with baseband signaling.

(6) Supports a bus topology interconnection means.

8.1.1.2 Repeater Unit. The repeater unit is used to extend the physical sys-

tem 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,. '

8.1.2 Definitions

baseband coaxial system. A system whereby)info
and impressed on the coaxial transmission med
medium, only one information signal at a time can

tion (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 com-
ponents,

rmation is directly encoded
ium. At any point on the
be present without disrup-

carrier sense. In a locdl area network, an ongoing \act1v1ty of a data station to
detect whether anotheér station is transmitting.

NOTE: A collision, presence signal is provided by the PLS to the ?MA sublayer to indicate that one
or more stations are currently transmitting on the trunk coaxial cable.

coaxial cable. A two-conductor (center conductor,jshield system), concentric,
constant-impedance transmission line used as the trunk medium in the base-
band gystem. «

coaxial cable interface. The electrical and mechan
coaxial cable medium either contained within or co
known as MDI (Medium Dependent. Interface).

ical interface to the shared
nnected to the MAU. Also

coaxial cable segment. A length of coaxial cable
coaxial cable sections and coaxial connectors, and
its characteristic impedance.

made up from one or more
terminated at each end in

collision. An unwanted condition that results from concurrent transmissions

on the physical medium.
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collision presence. A signal provided by the PLS to the PMA sublayer (within
the data link layer) to indicate that multiple stations are contending for access
to the transmission medium.

compatibility interfaces. The MDI coaxial cable interface and the AUI branch

cable interface, the two points at which hardware compatibility is defined to al-

low connection of independently designed and manufactured components to
__the baseband transmission system

Medium Attachment Unit (MAU). Ina local area network, a device used in g
-data station to couple the data terminal equlpment to the transmission
medium.

Medium Dependent Interface (MDI). The mechanical and electrical-initerface
between the trunk cable medium and the MAU.

Physical Medium Attachment (PMA). The portion of the MAU that contains
the functional circuitry.

Physical Signaling (PLS). That 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 maxi-
mum allowable end-to-end trunk transmission line length. Repeaters per-
form the basic actions of restoring signal amplitude, waveform, and timing
applied to normal data and collision signals.

trunk cable, The trunk coaxial cable system.

8.1.8 Application Perspective: MAU and MEDIUM Objectives. This section
states the broad objectives and assumptions underlying the specifications de-
fined throughout this section of the standard.

8.1.3.1 Object

(1) 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
ﬁgi&:}l and, in addition, the physical medium itself, which is beyond the scope of the OSI Reference
(2) 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.
(3) Prov1de a commumcatlon channel capable of hlgh bandw1dth and low b1t

layer service mterface should be ]ess than one part in 108 (on the order of one
part in 10? 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 data link connection in a timely fashion).
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(6) Enable relatively low-cost implementations.
8.1.3.2 Compatibility Considerations. All ijmplementations of this base-
band coaxial system shall be compatible at the MDI.

This standard provides one explicit trunk cabhe medium specification for
the interconnection of all MAU devices. The médlum itself, the functional
capability of the MAU, and the AUI are defined to‘ provide the highest possible
level of compatlblhty among devices designed l?y different manufacturers.

1, T 1 I -
dependent manner provided the MD Interface and AUI specifications are sat~
isfied.

Subsystems based on this specification may be 1mp1emented in several dif-
ferent ways provided compatibility at the medlum is maintained. At is possi-
ble, for example, to design an integrated station where the MAU is"contained
within a physical DTE system component, thereby eliminating)the AUI cable.
The device designer (and system user) shall then considér,such factors as
topological flexibility, system availability, and configurability.

8.1.3.3 Relationship to PLS and AU Interface. This section defines the
primary physical layer for the local area network, a-layer comprised of both
the physical medium and the rudimentary circiitry necessary to couple a
station’s message path directly to/from the medium. The complete logical
physical layer of the local area network may reside physically in two distinct
locations, the MAU and the DTE. Therefore; a close relationship exists be-
tween this. section and Section 7. This section speclﬁes all of the physical
medium parameters, all of the PMA logical functions residing in the physical| -
MAU, and references the AUI associated with andi defined throughout Section
7.
NOTE: The design of a physical MAU(€omponent requires the use of both this section and Section
7 for the PLS and AUI specifications)

8.1.3.4 Modes of Operation. The MAU is capable of operating in either a|
“Normal” mode or an optional “Monitor” mode.

(1) Normal Mode.The MAU functions as a dn'ect connection between the
baseband medium and the DTE. Data output from the DTE is output to the coax-
ial trunk medium and all data on the coaxial trumk medium is input to the
DTE. This mode is the “normal” mode of operatlon for the intended message
traffic between stations.

(2) Monitor Mode. The MAU Transmit Functlon iis disabled to prevent data
from'being output on the trunk coaxial medium wh11e 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
1t 1solates the MAU transmltter from the medlum Under most local (that 1s,

network whlle the local statlon is bemg serv1ced. \

8.2 MAU Functional Specifications. The MAU corj‘nponent 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
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coaxial cable baseband signal line. To achieve this basic objective, the MAU
component contains the following functional capab111t1es 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 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

—basebamdTedumnT:

(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 transmlt
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 abnormally long output data stream.

8.2.1 MAU Physical Layer Functions

8.2.1.1 Transmit Function Requirements. At the-start of a frame trans-
mission on the coaxial cable, no more than 2 bits (2 full'bit cells) of informa-
tion 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 contain encoded
phase violations or invalid data; however, all successive bits of the frame
shall be reproduced with no more than the specified amount of jitter. The sec-
ond bit cell transmitted onto the coaxial.cable shall be carried from the DO
signal line and transmitted onto the coaxial trunk cable medium with the cor-
rect timing and signal levels. The steady-state propagation delay between the
DO circuit receiver input and the coaxial cable output shall not exceed one-half
bit cell. There shall be no legical‘éignal inversions between the branch cable
DO circuit and the coaxial trunk cable (for example, a “high” logic level input
to the MAU shall result in the less negative current flow value on the trunk
coaxial medium). A positive signal on the A signal lead of the DO circuit
shall result in a moré positive voltage level on the trunk coaxial medium. It is
assumed that the AUI shall provide adequate protection against noise. It is
recommended that the designer provide an implementation in which a
minimum threshold 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 8.3.1.3.

In addition, when the DO circuit has gone idle after a frame is output, the
MAU:shall then activate the collision presence function as close to the trunk
coaxial cable as possible without introducing an extraneous signal on the
trunk coaxial medium. The MAU shall initiate the collision presence state

within 0.6 ps to 1.6 us after the output idle signal and shall maintain an active
collision presence 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 cou-
pled before reaching the receive circuit connected to the DTE. The receive
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function shall output a signal onto the DI circuit of the AUI cable that complies
with the AUI specification for drivers in MAUs.

At the start of a frame reception from the coaxial cable, no more than 5 bits
(five full bit cells) of information may be received from the coaxial cable and
not transmitted onto the receive (DI) circuit. In akldition, it is permissible for
the first bit sent over the receive circuit to contain encoded phase violations or
invalid data; however, all successive bits of the frame shall reproduce the in-

coming signal with no more than the above specified amount of jitter. This
implies that the second bit cell sent onto the DI circuit presents valid data tothe
branch cable. The steady-state propagation delay between the coaxial. eable
and the receive (DI) circuit output shall not exceed one-half bit cell. There are
no logical signal inversions between the coaxial (trunk) cable and\the MAU
(branch) cable receive circuit. The circuit bandw1dth of the receiver function
shall be limited to 50 MHz,

A MAU meetlng this specification shall exhibit edge Jltter into the DI pair
when terminated in the appropriate test load speplﬁed i1<7:4.3.6, of no more
than 8.0 ns in either direction when it is installed on the distant end of all
lengths between 2.5 m and 500 m of the cable spécified in 8.4.1.1 through
8.4.2.1.5 terminated at both ends with terminatorsmeeting the impedance re-
quirements of 8.5.2.1 and driven at one end w1thipseudorandom 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 conduicted in a noise-free environ-
ment. The combination of coaxial cable and MAU receiver 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 operating in the half duplex operating mode.

8.2.1.8 Collision Presence Function Requirements. The signal presented
to the CI circuit in thelabsence 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 CSO0 signal, a periodic waveform at the nominal BR + 15% with a duty
cycle no worse than a 40/60 ratio. This signal shall be presented to the CI cir-
cuit no mdre than 9 bit times after the signal (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 presence is transmitting. Under no conditions shall the
collision presence function generate an output when only one MAU is trans-

mlttmg A MAU whlle not transmlttmg, may deteét the presence of two other

transmlttmg Table 8-1 summarizes the allowable cond1t10ns under whlch
collisions shall be detected. :

The collision presence function may, in some 1mplementat10ns, be ‘able to
sense an abnormal (for example, open) medium. The use of MAUs in re-
peaters requires added considerations; see 8.3.1.5.
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Table 8-1
Generation of Collision Presence Signal
MAU : Numbers of Transmitters
<2 =2 >

Transmitting N Y Y

Not transmitting N May Y
Y = will generate SQE message
N = will not generate SQE message
May = may generate SQE message

8.2.1.4 Monitor Function Requirements (Optional). Upon receipt of the
isolate message the MAU shall, within 20 ms (implementations: solid-state
preferred, relay switched permitted), disable the transmit functien’in such a
way as to prevent both the transmission of signals on the-trunk coaxial
medium and any abnormal loading by the disabled transmitter on the trunk
coaxial medium itself. The monitor function is intended.to prevent a mal-
functioning active component (for example, transmitriver) from bringing
down the network. The isolate message shall not interact with the receive or
collision presence functions, thus permitting the normal operational mode
wherein all data appearing on the trunk coax1al medium are carried to the
DTE on the DI signal circuit.
NOTE: Verification for successful execution of the isolate message requires use of the trunk coax-

ial medium itself. This level of guaranteed performance requires use of system layers above the
physical layer and implies some interruption of fiormal trunk coaxial medium message traffic.

8.2.1.5 Jabber Function Requirements. The MAU shall contain a self-
interrupt capability to inhibit ¢transmit 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 least-20 ms to at most 150 ms during which time a nor-
mal data link frame miay be transmitted. If the frame length exceeds this du-
ration, the jabber funetion shall inhibit further output data from reaching the
medium.

When the transmit function has been positively disabled, the MAU shall
then activate the collision presence 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. Alternatively, a self-powered MAU may
reset these functions after a penod of 0. 5 st 50% 1f' the momtor functlon has not

be used to reset the colhslon presence and Jabber functlons
8.2.2 MAU Interface Messages
8.2.2,1 DTE Physical Layer to MAU Physical Layer Messages. The fol-
lowing messages can be sent by the DTE physical layer entities to the MAU
physical layer entities:
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Message Circuit Signal Meaning
output DO CD1,CDoO Output information
output_idle DO IDL No data to be output

normal 00) IDL Assume the nonintrusive state
' on the trunk coaxial medium

(Uptional CUircuit)

isolate . CO CS0(BR) Positively disable the trunk
coaxial medium transmitter

8.2.2.2 MAU Physical Layer to DTE Physical Layer' The following
messages can be sent by the MAU physical layer entltles to(the DTE physical
layer entltles |

Message Circuit Signal Meaning

input DI CD1,CDo Inpu‘t information
input_idle DI IDL No information to be input
mau_available CI IDL MAU is available for output
signal_quality_  CI CSo Error detected by MAU
error }

8.2.2.2.1 input Message. The MAU physical layer sends an input mes-
sage to the DTE physical layer when the MAU has a bit of data to send to the
DTE. The physical realization of the input message ?s a CDO or CD1 sent by the
MAU to the DTE on thedata in circuit. The MAU sends CDO if the input bit is a
zero or CD1 if the(input bit is a one. No retlmlng‘of the CD1 or CDO signals
takes place within the MAU.

8.2.2.2.2-inpui_idle Message. The MAU physmal layer sends an in-
put_idle 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 the data in circuit.

8.2.2.2.3 mau_available Message. The MAU physical layer sends the
mau_available message to the DTE physwal layer when the MAU is available
for output. The mau_available message is always sent by a MAU that is
always prepared to output data unless the signal_quality_error message shall

be sent instead. Such a MAU does not require mau_request to prepare itself for
data output. The physical realization of the mau_available message is an IDL
signal sent by the MAU to the DTE on the control in circuit.

8.2.2.2.4 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 message shall not be sent by the MAU if no
MAU or only one MAU is transmitting on the trunk coaxial medium in the
normal mode. :

(2) 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_gquality_error message 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 determine that more than one MAU
is transmitting.

(3) When the local MAU is transmitting on the trunk coaxial medium, all
occurrences of one or more additional MAUs transmitting shall cause the
signal_quality_error message to be sent by the local MAU to its DTE"

(4) When the MAU has completed each output frame it shall perform an SQE
test sequence, as defined in Figs 8-2 and 8-3.

(5) When the MAU has inhibited the transmit function it\shall send the sig-
nal_quality_error message in accordance with the jabber function require-
ments of 8.2.1.5.

The signal_quality_error message shall be asserted less than 9 bit cells af-
ter the occurrence of the multiple-transmission coridition 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 MDL. It is to be noted that an
extended delay in the removal of the signal_quality_error message may af-
fect adversely the access method performance.

The physical realization of the signal_quality_error message is the CS0
signal sent by the MAU to the DTEon the control in circuit.

Note that the MAU is required-to assert the signal_guality_error message at
the appropriate times whenever the MAU is powered and not just when the DTE
is providing output data.

8.2.3 MAU State Diagrams. The state diagrams Figs 8-2, 8-3, and 8-4 depict
the full set of allowed MAU state functions relative to the control circuits of the
DTE-MAU interface-for MAUs without conditioning requirements. Messages
used in these state diagrams are explained below:

(1) positive_disable. Activates the positive means provided in the MAU
transmittetto prevent interference with the trunk coaxial medium.

(2) en@ble_driver. Activates the path employed during normal operation to
cause.the MAU transmitter to impress data onto the trunk coaxial medium.

3) disable_driver. Deactivates the path employed during normal operation
to-cause the MAU transmitter to impress data onto the trunk coaxial medium.

23] igni iti f ltiple transmitter
simultaneously active on the trunk coaxial medium does not exist.

(5) collision. Signifies that the condition of multiple transmitters simulta-
neously active on the trunk coaxial medium does exist.

(6) not_positive_disable. Deactivates the positive means provided in the
MAU transmitter to prevent interference with the trunk coaxial medium.
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8.3 MAU-Medium Electrical Characteristics !

8.3.1 MAU-to-Coacxial Cable Interface. The following sections describe the
interface between the MAU and the coaxial cable. Negative current is defined
as current into the MAU (out of the center conductor%* of the cable).

8.3.1.1 Input Impedance. The shunt capacitance presented to the coaxial
cable by the MAU circuitry (not including the means of attachment to the

coaxial cable) is recommended to be no greater than 2 pF. The resistance to the

coaxial cable shall be greaEer than 100 kL2,

PowerOn
NOT ISOLATED OUTPUT
........................................ output
® 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 ueT | START TEST TIMER
® disable_driver ®  disable_driver
@ “SQE ®  SQE (if collision)
(start_test_timer]

NOTE: ‘UCT = uncenditional transttion

el Ty
™ AAAZLLERE LR R A~ A=A~ A~ T Ay |

Fig 8-2 ;
Interface Function: Simple MAU without Isolate Capability
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\I/ PowerOn

ISOLATED o P|... MAU IDENTIEY
.................................... mQu._.requesit . pOSitive_diSOb]e
® disable_driver @ disable_driver
® mau_available ® mau_not_available
(if no_collision)
® SQE (if collision)

mau_request

rrorrat .. ISOLATED QUTPUT
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Fig 8-3
Interface Function: Simple MAU with Isolate Capability
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Jabber Function
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The total capacitive load due to MAU circuitry and the mechanical connector
as specified in 8.5.3.2 shall be no greater than 4 pF.

These conditions shall be met in the power-off and power-on, not transmit-
ting states (over the frequencies BR/2 to BR).

The magnitude of the reflection from a MAU shall not be more than that
produced by a 4 pF capacitance 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.;tA
and — 25 pA in the power-off and the power-on, not transmitting states.

8.3.1.8 Coaxial Cable Signaling Levels. The signal on the coaxial cable
due to a single MAU as measured at the MAU 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
current flow in each direction) the recommended signal‘has an offset
component (direct current including the effects of timing distortion) of from
—37 mA minimum to —45 mA maximum and an ac component from +28 mA
up to the offset value. The offset component of the drive current is allowed to
have relaxed values of —36 mA to —48 mA, with ani.a¢ component from +28 mA
up to the offset value.

The current drive limit shall be met even'in the presence of one or more
MAU transmitters.

The MAU shall sink no more than —25"uA when the voltage on the center
conductor of the cable drops to —7 V whien 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 conductor 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 1 ns. Figures 8-5 and 8-6 shows typical wave-
forms present on the cable. Harmonic content generated from the BR funda-
mental 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 fundamentai
All Higher Harmonics:  at least 50 dB below fundamental

NOTE: Even harmonics are typically much lower

The above speclﬁcatlons concernmg harmonlcs cannot be satlsﬁed by a

waveform generator employmg 11near ramps w1thout addltlonal waveshap-
ing. The signals as generated from the encoder within PLS shall appear on
the coaxial cable without any inversions (see Fig 8-6).

8.3.1.4 Transmit Output Levels Symmetry. Signals received from the
AUI DO circuit shall be transmitted onto the coaxial cable with the character-
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& mA

-41+4mA

— -90+4mA

Fig 8-5
Recommended Driver Current Signal Levels

BN

— —2.05V

NOTES: (1) Voltages.given are nominal, for a single transmitter
(2) Rise and fall time'is 25 ns nominal at 10 Mb/s rate
(3) Voitages are measured on terminated coaxial cable adjacent to transmitting MAU
(4) Manchester coding :

Fig 8-6
Typical Coaxial Trunk Cable Signal Waveform

istics specified in 8.3.1.3. Since the coaxial cable proceeds in two directions
Arom the MAU, the current into the MAU is nominally twice the current mea-

sured 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 con-
nection to the coaxial cable when the DO circuit into the MAU is driven
through a zero length AUI cable with pseudorandom Manchester encoded bi-
nary data from a data generator that exhibits no mo&e than 0.5 ns of edge jitter
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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 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.
8.8.1.5 Receive Collision Detect Threshold. It is recommended that the

threshold range corresponding to the recommended tolerances for coax drive
currents specified in 8.3.1.3. The threshold voltage is measured on the coaxyat
the MAU connector.

Collision detection threshold voltages tighter than those recommended
above may be used to improve collision detection performance in the presence
of noise on the coax, poor system component tolerances, and coax transmit
levels outside of the recommended range.

A MAU that implements the recommended receive threshold shall be con-
sidered to have implemented receive mode collision detect. Receive mode
collision detect indicates that a nontransmitting MAU-has the capability to
detect collisions when two or more MAUs are transmitting simultaneously.
Repeater units require both MAUS directly connectéd'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
[AT7], [A8], and [A9].
8.3.2.2 Power Consumption. The current drawn by the MAU shall not ex-
ceed 0.5 A as powered by the AUI source. The MAU shall be capable of operat-
ing from all possible voltage sources as supplied by the DTE through the re-
sistance of all permissible AUI cables. The MAU shall not disrupt the trunk
coaxial medium)should the DTE power source fall below the minimum opera-
tional level ‘under abnormal MAU load conditions.
The MAU 'shall be labeled externally to identify the maximum value of cur-
rent reguired 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 continuous operation without causing communication
fallure among other statlons attached to the local network medxum Compo-

among other MAUs on the coax1al cable Connectors and other passwe com-

8Repeatered networks may require all MAU components to use the recommended coaxial drive
connect levels. This matter is under consideration.
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ponents comprising the means of connecting the
shall be designed to minimize the probability of tot
It should be noted that a fault condition that caus
of 2 mA may cause communication failure among
8.3.3 MAU-DTE Electrical Characteristics. T
for the driver and receiver components connected

LOCAL AND METI’;{OPOLITAN AREA NETWORKS:

MAU to the coaxial cable
al network failure.

ses'a MAU to draw in excess
other stations.

'he electrical characteristics
to the branch cable within

the MAU shall be identical to those as specified in Section 7 of this standard.

. echanical Connection. The’ shall be provided wi

a 15-pin male connector as specified in detail in th}e AUI specification, Section
7. ' !

8.4 Characteristics of the Coaxial Cable. The trunk cable is of tonstant
impedance, coaxial construction. It is terminated at each end by-a terminator
(see 8.5.2), and provides the transmission path for MAU device connection.
Coaxial cable connectors are used to make the conQectlon fromthe cable to the
terminators, and between cable sections (if needéd) Thelcable has various
electrical and mechanical requirements that shall be met to ensure proper op-
eration. }

8.4.1 Coaxial Cable Electrical Parameters |

8.4.1.1 Characteristic Impedance. The average characteristic cable

impedance shall be 50 + 2 Q, measured 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 requirements of 8.4.2.1.1 (2),°8:4.2.1.2, 8.4.2.1.3, 842 1.4 (2) are met, then it is ex-
pected that the characteristic impedance perodicity requirement \shall be considered met.

8.4.1.2 Attenuation. The attenuation of a 50(T m (1640 ft) cable segment
shall not exceed 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. |

8.4.1.3 Velocity of Propagation. The m1n1mum required velocity of prop-
agation is 0.77 c,

8.4.1.4 Edge Jitter, Untapped Cable. Untappe
specification shall exhibit edge jitter of no more the
the receiving-end when 500 m of the cable is tern
terminators meeting the impedance requirements
one end 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 specifications of
8/3.1.3 except that the rise 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

d coaxial cable meeting this
8.0 ns in either direction at
ninated at both ends with
of 8.5.2.1 and is driven at

in a noise-free environment. The above specified component is not to intro-
duce more than 7 ns of edge jitter into the system. |

8.4.1.56 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 re-
lated signals. While the cable construction is not m?ndated, it is necessary to
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indicate a measure of performance expected from the cable component. A ca-
ble’s EMC performance is determined, to a large extent, by the transfer
impedance value of the cable. See reference [A12].
The transfer impedance of the cable shall not exceed the values shown in
Fig 8-7 as a function of frequency.
8.4.1.6 Cable DC Loop Resistance. The sum of the center conductor resis-
tance plus the shield resistance, measured at 20 °C, shall not exceed 10 mQ/m.

8.4.2.1 Mechanical Requirements. The cable used should be suitable for
routing in various environments, including but not limited to, dropped céil-
ings, raised floors, cable troughs, and 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 donnectors,
described in 8.5. The cable shall conform to the following requirements.
8.4.2.1.1 General Construction
(1) The coaxial cable shall consist of a center conductorj.dielectric, shield
system, and overall insulating jacket.
(2) The concentricity (for example, positional relationship between center
conductor to shield system and outer jacket) of thie coaxial cable elements

Fig 8-7 ‘
~ Maximum Coaxial Cable Transfer Impedance
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50

20

" \\
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shall be greater than 92% as measured in accordance with the following gen-
eral configuration:

(jacket radius) — (center offset) . ; 50 > 929

jacket radius

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
pierceable either by means of the connector type [specified in 8.5.3.2 or by'a
external core tool. Overall cable system pierceability (the ability of a tap-prob
to pierce the jacket, shields, and dielectric cable system without substantia
dielectric deformation and without causing a short circuit between cente
conductor and shield system) is a vital parameter affecting tapCeonnection re
liability.

Pierceability of the cable system can be measured in terms of the probe’
load versus displacement signature. A pierceable cable exists where the dis-
placement is > 1.52 mm (0.06 in) between rupture (piercing) of the shield sys-
tem and contact with the center conductor.

(4) The coaxial cable shall be sufficiently flex1b1e 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 H
0.013 mm (0.0855 + 0.0005 in) diameter solid copper.
8.4.2.1.8 Dielectric Material. The dielectric/may be of any type provided
the conditions of 8.4.1.2, 8.4.1.3, and8.4.2.1.1(3) are met.
84.214 Shleldmg System

(1) The shielding system may\contain both brald and foil elements suffi-
cient to meet the transfer impedance of 8.4.1.5 and the EMC specifications of|
8.7.2.

(2) The inside diameter-of the innermost shield shall be 6.15 mm (0.242 in)
minimum,

(3) The outside diameter of the outermost shield shall be 8.28 mm * 0.178 mm|
(0.326 + 0.007 inches).

(4) The outermost shield shall be greater than 90% coverage. The use of]
tinned copper braid is advised to meet the contact resistance requirements.

8.4.2.1.5 Overall Jacket

(1) Any one of several jacket materials shall be used provided the specifica-
tions\of 8.4.1 and 8.4.2 are met.

(2Y Either of two jacket dimensions may be used for the two broad classes of
materials, provided the specification of 8.4.2,1.1 are met:

(a) Polyvinyl Chloride (for example, PVC) or equivalent having an OD
— of 10.287mm £ U.178 mm (0.405 fiominal £ 0U.007 in).
(b) Fluoropolymer (for example, FEP, E-CTFE) or equivalent having an

OD of 9.525 mm + 0.254 mm (0.375 nominal + 0.010/in).

The cable shall meet applicable flammability and smoke criteria and local
and national codes for the installed environment. See 8.7.4. Different types of
cable sections (for example, polyvinyl chloride and fluoropolymer dielectric)
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may be interconnected, while meeting the sectioning requirements of 8.6, See
references [A6] and [A14].

8.4.2.2 Jacket Marking. The cable jacket shall be marked with annular
rings in a color contrasting with the background color of the jacket. The rings
shall be spaced at 2.5 m * 5 ¢m regularly along the entire length of the cable. It
is permissible for the 2.5 m spacing to be interrupted at discontinuities between
cable sect1ons Jomed by connectors (See 8.6.2.2 for MAU placement rules that

Jacket ltself' be a bnght color (for example, yellow) other than that normally
used for power mains.

8.4.3 Total Segment DC Loop Resistance. The sum of the center conductor,
connectors, and shield resistance shall not exceed 5 Q 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 resistance of the shield and center conductor shall be
included in the loop resistance measurement.

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:

(1) Standard Type N connectors (IEC/Publication 169-16 [4])

(2) A coaxial “tap” connector

All Type N connectors shall be'of the 50 Q constant impedance type. Since
the frequencies present in thé‘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 ter-
minated 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 coaxial extensions between two sections of coaxial cable shall be
made with a pair of Type N receptacle connectors joined together to form one
“barrel.” An insulating sleeve or boot shall also be provided with each barrel
assembly.

8.5.2 Coaxial Cable Terminator
8.5.2.1 Termination. Coaxial cable terminators are used to provide a ter-
mination impedance for the cable equal in value to its characteristic
impedance, thereby minimizing reflection from the ends of the cables. Ter-
minators shall be packaged within an inline female receptacle connector.
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The termination impedance shall be 50 Q + 1% measured from 0 - 20 MHz,
with the magnitude of the phase angle of the impedance not to exceed 5°. The
terminator power rating shall be 1 W or greater. |
8.5.2.2 Earthing. Either the coaxial cable terminator or inline extension
connector provides a convenient location for meeting the earth grounding
requirement of 8.6.2.3. It is recommended that a ground lug with current rat-
ing of at least 1500 ampacity be provided on one of the two terminators or on one
mme Segment.

NOTES: |

(1) A single ground return lug on an inline connector located in the center of the cable trans-
mission system may be used to satisfy this requlrement

(2) Alternatively, terminators might be supphed in pairs, one‘w1th and one without the)ground
lug connection point.

8.5.3 MAU-to-Coaxial Cable Connection. A means shall be provided to allow
for attaching a MAU to the coaxial cable. The connection shall not disturb the
transmission line characteristics of the cable significantly: it shall present a
predictably low shunt capacitance, and therefore a negligibly short stub
length. This is facilitated by the MAU being located as-elose to its cable con-
nection as possible; the MAU and connector are normally considered to be one
assembly. Long (greater than 30 mm) connection§ between the coaxial cable
and the input of the MAU jeopardize this objective.

Overall system performance is dependent largely on.the MAU-to- coaxial
cable connection being of low shunt capacitance.

If the design of the connection is such that the coax1a1 cable is to be severed to
install the MAU, the coaxial cable segment shall still meet the sectioning re-
quirements of 8.6.2.1. Coaxial connéctors used on aievered cable shall be type
N, as specified in 8.5.1.

The type N connectors selected should be of high quahty (that is, low contact
resistance) to minimize the-impact on system performance.

If the design of the connection is such that the piercing tap connector is to be
used without severing(the cable, then the tap connector and cable assembly
shall conform to the mechanical and electrical ‘requlrements as defined
throughout 8.5.3.1 and 8.5.3.2. .

8.5.3.1 Electrical Requirements. Requlrements for the coaxial tap con-
nector 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 implementations may allocate capacitance between tap and circuitry as deemed
appropriate.

(2) Contact resistance (applies tocenter conductor and shield contacts): 50 mQ
maximum for both shield and center conductor over| useful connector lifetime.

(3) Contact material: suriace material on signal probe or shield sullicient 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 external conductors in the normal operating envi-
ronment.
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(6) 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.
8.5.3.2.2 Contact Reliability. Overall performance of the LAN system
depends to a large extent on the reliability of the coaxial cable medium and the
vant electrical and mechanical parameters at the point of electrical connee:
tion between tap probe and cable center conductor to ensure that a reliable
electrical contact is made and retained throughout the useful life of these com-
ponents. It is recommended that some means be provided to ensure relatively
constant contact loading over time, with creep, in temperature, and’ typical
environment. Typical coaxial tap connector configurations are’shown in
Figs 8-8 and 8-9. See references [A1], [A15], and [A16]. '
8.5.3.2.3 Shield Probe Characteristics. The shield probe shall penetrate
the cable jacket and outer layer(s) of the shield system to,make effective cap-
ture 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 transmission 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 propaga-
tion times, were derived from the physical configuration model described
here. The maximum configuration is as follows:

(1) A trunk coaxial cable, terminated in its characteristic impedance at
each end, constitutes a coax-segment. A coax segment may contain a maxi-
mum of 500 m of coaxial cable and a maximum of 100 MAUs. The propagation
velocity of the coaxial ¢able is assumed to be 0.77 ¢ minimum (¢ = 300 000
km/s). The maximum>end-to-end propagation delay for a coax segment is
2165 ns.

(2) A point-to'point link constitutes a link segment. A link segment may
contain a maximum end-to-end propagation delay of 2570 ns and shall termi-
nate in a répeater set at each end. It is not permitted to connect stations to a
link segment.

(3) Repeater sets are required for segment interconnection. Repeater sets oc-
cupy. MAU positions on coax segments and count toward the maximum
mumber of MAUs on a coax segment. Repeater sets may be located in any
MAU position on a coax segment but shall only be located at the ends of a link

sagment
S t

(4) The maximum length, between driver and receivers, of an AUI cable is
50 m. The propagation velocity of the AUI cable is assumed to be 0.65 ¢ mini-
mum. The maximum allowable end-to-end delay for the AUI cable is 257 ns.

(5) The maximum transmission path permitted between any two stations is
five segments, four repeater sets (including optional AUIs), two MAUSs, and
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NOTE: Tutorial only and not part of specification

Fig 88
Coaxial Tap Connector Configuration Concepts
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C = CAPACITIVE LOADING, SEE 8.5.3.1
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Fig 89
Typical Coaxial Tap Connection Circuit
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two AUls. Of the five segments a maximum of three may be coax segments;
the remainder are link segments.
NOTE: 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 AUIs (see Fig 8-10). The total number of segments

are two link segments on the transmission path, there may be a maximum of
three coax segments on that path. If there are no link segments on a transmis-
sion path, there may be a maximum of three coax segments on that path given
current repeater technology.

Figures 8-11, 8-12, 8-13, and 8-14 show transmission systems ofivarious
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 ca-
ble segment need not be made from a single, homogeneous length of cable.
The boundary between two cable sections (joined by“¢oaxial 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. 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 total segment should be made from one homogeneous (no
breaks) cable. This is feasible for short segments, and results in minimal re-
flections from cable impedance discontinuities.

(2) If cable 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 discontinuities are due to extruder
limitations, and.not extruder-to-extruder tolerances. There are no restric-

Fig 8-10
Maximum Transmission Path
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Minimal System Configuration
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Minimal System Configuration
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Link System (5140 ns)

tions in cable sectioning if this method is used. However, if a cable section in
stich a system is later replaced, it shall be replaced either with another cable
e e 0 ith one of the standard lengths de-

me_man & alng 4 9

scribed below.

(3) If uncontrolled cable sections must be used in building up a longer seg-
ment, the lengths should be chosen so that reflections, 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
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5 MHz; this corresponds to using lengths of 23.4 m, 70 2m, and 117 m (+ 0.5 m)
for all sections. 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 reflec-
tions.

NOTE: If cable segments are to be added to existing installations, then care shall be taken (expli-
cit physical or TDR measurements) to ensure that no more than a 500 m cable segment results.

ployed, if it has been confirmed by analysis or measurement that the worst¢
case signal reflection due to the impedance discontinuities 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 connec-
tions to the cable cause signal reflections due to fhelr noninfinite bridging
impedance. While this impedance shall be 1mp1emented as speeified in Sec-
tion 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 de-
gree.

Coaxial cables marked as specified in 8.4.2,2 hav marks at regular 2.5 m
spacing; a MAU shall only be placed at a mark oncthe cable. This guarantees
both a minimum spacing between MAUSs of 2.5-m, ahd controlling the relative
spacmg of MAUs to ensure nonalignment on fracﬁlonal wavelength bound-
aries.

The total number of MAUSs on a cable segment shali not exceed 100.

8.6.2.3 Trunk Cable System Grounding. The shield conductor of each
coaxial cable segment shall make electrical contact with an effective earth
reference (see Annex) at one point and shall not make electrical contact with
earth elsewhere on such objects.@s building structural metal, ducting, plumb-
ing fixture, or other unintended conductor. Insulators may 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.

This specification. is intended for use within (intraplant) buildings. Appli-
cations requiritigiinterplant connections by way of external (outdoors) means
may require-special consideration beyond the scope of the standard.

The sheath’conductor of the AUI cable shall be connected to the earth refer-
ence or-chassis of the DTE,

8.6.3 Labeling. It is recommended that each MAU (and supporting docu-
mentation) be labeled in a manner visible to the user with at least these pa-
rameters:

(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 Environmental Specifications
8.7.1 General Safety Requirements. All statxons meeting this standard
shall conform to one of the following IEC Publications: 5}80 [5], 435 [6], or 950 [8].
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8.7.2 Network Safety Requirements. This section sets forth a number of
recommendations and guidelines related to safety concerns, the 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
ensure compliance with the appropriate standards. References [A5] and [A9]
provide additional guidance.

Local area network trunk cable systems as described in this standard are
Suoje 0 gl Ied ouraire eTe al-satety hazaras—aaring-ther-use—1Rese
hazards are :

(1) Direct contact between local network components and power or lighting
circuits.

(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 ensuré. that the intended safety
features are not negated during installation/of a 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.

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 effec-
tively 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 equip-
ment or to persons.

8.7.2.8 Safety. All portions of the trunk cabling system that are at the same
potentialias the trunk cable shall be insulated by adequate means to prevent
their€ontact by either persons or by unintended conductors or grounds. The
ingtlation employed shall provide the same or greater dielectric resistance to
cirrent flow as the insulation required between the outermost shield of the
trunk cable and the above-mentioned unintended conductors. The use of in-
| sulating boots is permitted, provided that such boots (or sleeves) are mechani-
cally and electrically equivalent to the trunk cable outer insulation charac-
teristics and are not removed easily (that is, they shall prevent inadvertent
removal by a system operator). ‘
The MAU shall be so designed that the provisions of 8.7.2.3 and 8.7.2.4 are
not defeated if the connector affixing the AUI cable to the MAU is removed.
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|
Portions of the trunk cabling system that may bécome live during the dissi-
pation of a hlgh-energy transient by the cabling system shall also be insulated
as described in 8.7.2.3.
8.7.2.4 Breakdown Path. MAUSs meeting th1s standard should provide a
controlled breakdown path that will shunt high-energy transients to an effec-
tive ground either through a separate safety ground connection or through the
overall shield of the branch cable. The breakdown voltage of this controlled
breskd 4 the-tsolati irem forthe-MAL Fred
in 8.3.2.1. |
8.7.2.5 Isolation Boundary. The isolation boundary between the bfanch
cable and trunk cable specified in 8.3.2.1 shall be malntalned to properly meet
the safety requirements of this standard.

WARNING: 1t is assumed that the DTE equipment is properly‘earthed and
not left floating or serviced by “doubly insulated ac power distribution sys-
tem.” The use of floating or insulated DTEs is beyond theésscope of this stan-
dard. ‘

!

~ 8.7.2.6 Installation and Maintenance Guidelines

(1) When exposing the shield of the trunk coaxial cable for any reason, care
shall be exercised to ensure that the shield.ddes not make electrical contact
with any unintended conductors or grounds. Personnel performing the oper-
ation should not do so if dissipation of a hlgh energy transient by the cabling
system is likely during the time the shield is to be exposed. Personnel should
not contact both the shield and any.grounded conduotor at any time.

(2) Before breaking the trunk coaxial cable for any reason, a strap with am-
pacity equal to that of the shield of the coaxial cable Ishall be affixed to the cable
shield in such a manner as to\join the two pieces and to maintain continuity
when the shield of the trunk cable is severed. This strap shall not be removed
until after normal shield continuity has been restored.

(3) At no time should’the shield of any portion of the coaxial trunk cable to
which an MAU or MAUs are attached be permitted to float without an effective
ground connection: If a section of floating cable is to be added to an existing
cable system;-the installer shall take care not to complete the circuit between
the shield of the floating cable section and the grounded cable section through
body contact. x

(4) [The installation instructions for network qomponents shall contain
language which familiarizes the installer with the cautions mentioned in the
above paragraphs. |

(5) Network components shall contain prominent warmng labels that refer
installers and service personnel to the safety notes in the installation in-
structions ,

* 8.7.3 Electromagnetic Environment

8.7.3.1 Susceptibility Levels. Sources of mtenference from the environ-
ment include electromagnetic fields, electrostatic dlscharge, transient volt-
ages between earth connections, and similar interference. Multiple sources of
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interference may contribute to voltage build-up between the coaxial cable and
the earth connection of a DTE.

The physical channel hardware shall meet its specifications when operat-
ing 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 broadcast 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 specifications.

8.7.3.2 Emission Levels. The physical MAU and trunk cable system shall
comply with applicable local and national codes such as FCC Docket 20780-
1980 [A11] in the USA. Equipment shall comply with local and national re-
quirements for limitation of electromagnetic interference;Where no local or
national requirements exist, equipment shall comply with CISPR Publication
22[1].

8.7.4 Temperature and Humidity. The MAU. and associated connec-
tor/cable systems are expected to operate over a reasonable range of environ-
mental conditions related to temperature, hamidity, and physical handling
such as shock and vibration. Specific requiréments and values for these pa-
rameters are considered to be beyond the scope of this standard. Manufactur-
ers are requested to indicate in the literature associated with the MAU (and on
the MAU if possible) the operating(environment specifications to facilitate
selection, installation, and mainténance of these components. See reference
[A10] for specification terminology.

8.7.5 Regulatory Requirements. The design of MAU and medium compo-
nents should take into consideration applicable local or national require-
ments. See references [AF], [A6], [AT7], [A8], [A9], and [A11] and Appendix A for
helpful resource material.?

9 Appendix A provides useful system guidelines on delays and bit budgets.
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9.1 Overview. This section specifies a repeater for use with type 10BASES.and
10BASE2 networks 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 allow-
ing larger topologies and a larger MAU base than are allowed by rules gov-
erning individual segments (that is, for 10BASE5, 500 m and 100 stations; for
10BASEZ2, 185 m and 30 stations).

Repeater sets are used to extend the network length and topology beyond what
could be achieved by a single coaxial segment, as defined in 8.6 or 10.7. Seg-
ments may be connected directly by a repeater set*(Fig 9-1) or by pairs of re-
peater units which are, in turn, connected by inter-repeater links (IRLs). Al-
lowable topologies shall contain only one opérative signal path between any
two points on the network. A maximum of four repeater sets may be in the sig-
nal path between any two stations on the nietwork (this assumes two IRLs).

If the repeater set uses MAUSs connected via AUIs to a repeater unit, the exter-
nal MAUSs shall be basic MAUSs with-tHe exception of the signal_quality_error

Fig9-1
Repeater Set, Coax-to-Coax Configuration

| AUI(OPTIONAL) |
| i
] | COAX SEGMENT
1 MAU 1
| I g U - |

NOTE: The AUl is not necessarily exposed when the MAU is, optionally, part of the physical repeater.
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test function. A manufacturer may, optionally, integrate one or 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 in 8.6 and LO 7. A repeater set is not a
station and does not count toward the overall hmlt, of 1024 stations on a net-
work.

A repeater set can receive and decode data from any segment under worst-
case noise, timing, and signal amplitude conditions] It retransmits the data te
all other segments attached to it with timing and amplitude restored. The fe;
transmission of data occurs simultaneously with reception. If a collision oc-
curs, the repeater set propagates the collision event throughout the network by
transmitting a Jam signal.

9.2 Definitions

data frame. Consists of the Destination Address, Sourcé Address, Length
Field, LLC Data, Pad, and Frame Check Sequence.

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 s1gnals 1mpressed on, and recov-
ered from, the optical fiber cable link segment. ;

Fiber Optic Medium-Dependent Interface (FOMDI) The mechamcal and
optical interface between the opticalfiber 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 errorrate of the FOIRL.

FOIRL Collision. Simultaneous transmission and rreception of data in a FO-
MAU.

FOIRL Compatibility Interfaces. The FOMDI and the AUI (optional); the two
points at which hardware compatibility is defined to allow connection of
independently designed and manufactured components to the baseband
optical fiber cable link segment.

FOMAU's Transmit Optical Fiber. The optical fiber into which the local
FOMAU transmits signals.

FOMAU's Receive Optical Fiber. The optical fiber from which the local
—FOMAY Teceives—sigmats:

IRL (Inter-Repeater Link). A mechanism for interconnecting two and only
two repeater units.

optical fiber. A filament-shaped optical waveguide made of dielectric materi-
als.
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Optical Fiber Cable Interface. See FOMDL

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 interconnection, with each
optical fiber terminated at each end in the optical connector plug specified in
9.9.5.2.

optical fiber durg 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
interfaces.

repeater set. A repeater unit plus its associated MAUSs ‘and, if present, AU
Interfaces (AUIs).

9.3 References. See 1.3.

9.4 Compatibility Interface. The repeater shallattach to its network segments
by any of the means specified below.

9.4.1 AUI Compatibility. The repeaterrunit 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 imple-
mented. :

The MAUs associated with the“repeater shall be as specified in Section 8 for
type 10BASES or Section 10 for type 10BASE2 with the following restrictions:

(1) The MAU shall implement receive mode collision detect as defined in

8.3.1.5 or 10.4.1.5(

(2) The MAU shall not implement, the signal_quality_error message Test

function as defined in 8.2.1.1 and 10.3.1.1.

(3) The MAUsshall not activate its Jabber function when operated under the

worst-case Jabber Lockup Protection condition as specified in 9.6.5.

9.4.2 Direct Cable Compatibility. The repeater set, which includes MAUs
integrated' with the repeater package (internal MAUSs), may have any of the
interfaces specified in the following subsections.

9.4.2.1 Direct Cable Attachment Compatibility. The repeater shall be com-
patible at its coaxial tap connector (if so equipped) as specified in 8.5.3 of the
10BASES5 standard. The MAUSs associated with the repeater that are connected

in this manner shall be subject To the restrictions of MAUs as specified in
9.4.1,

9.4.2.2 “N” Connector Compatibility. The repeater shall be compatible at
its Type N connector (if so equipped) as specified in 8.5. The MAUs associated
with the repeater that are connected in this manner shall be subject to the re-
strictions of MAUs as specified in 9.4.1.
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9.4.2.3 BNC Compatibility. The repeater shall be compatible at its BNC
connector (if so equipped) as specified in 10.6. The MAUSs associated with the
repeater that are connected in this manner shall bé subject to the restrictions of
MAUs as specified in 9.4.1.
9.4.3 IRL Compatibility. The compatibility mterface for the IRL segment
may be vendor-dependent, or may conform to the speclﬁcatlon in 9.4.3.2,
9.4.3.1 Vendor-Dependent IRL. The budget allowances for the topology

supported by the 1Rl shall ensure that the total network round-trip delay re-
quirement is met and the maximum collision frame size of 511 bits is not ex<
ceeded. (See 8.6.1 and 10.7.1.)
9.4.3.2 Vendor-Independent FOIRL. A vendor-mdependent FOIRL pro-

vides a standard means of connecting two repeater units. It comprisés a fiber
optic medium link segment, a FOMAU at each end of the link segment, and if]
present, AU Interfaces. A vendor-independent FOIRL is)suitable for
interconnecting coaxial segments, especially segments located in different
buildings.

~The vendor-independent FOMAU should be co&npatlble at its FOMDI, as
specified in 9.9. If a FOMAU contains an AU Interface it shall be electrically
and mechanically compatible at its AUI connector 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.

\
|
|
|
!

9.5 Basic Functions |

9.5.1 Repeater Set Network Propeérties. The repeater set shall be transparent,
to all network acquisition activity“and to all DTEs. The repeater set shall not
alter the basic fairness criterionfor all DTEs to ac¢ess the network or weigh it
towards any DTE or group of DTEs regardless of network location. A repeater
set shall not attempt to be ajpacket store and forward device.

Repeaters are not addressable. An addressable station on the network that
controls a repeater is dutside the scope of this standard.

9.5.2 Signal Amplification. The repeater set j(including its associated or
integral MAUs) shall ensure that the amplitude characteristics of the signals
at the MAU outputs of the repeater set are within the tolerance of the specifica-
tion for MAU outputs in 8.3.1.3 or 10.4.1.3. Therefore any loss of signal-to-
noise ratio-due to cable loss and noise pickup is regamed at the output of the re-
peater.set as long as the incoming data is within the gystem specification.

9.5.3 Signal Symmetry. The repeater set shall ensure that the symmetry
characteristics of the signals at the MAU outputs of the repeater set are within
the tolerance of the speclﬂcatlon for MAU outputs i 8.3.1.4 or 10.4.1.4. There-

output of the repeater set

9.5.4 Signal Retiming. The repeater unit shall emsure that the encoded data
output from the repeater unit is within the jitter tolerance of a transmitting
DTE as specified in 7.3. Therefore jitter cannot accumulate over multiple
segments. ‘
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9.5.5 Data Handling. The repeater unit, when presented a packet at any of
its ports, shall pass the data frame of said packet intact and without modifica-
tion, subtraction, or addition to all other ports connected with the repeater unit.
The only exceptions to this rule are when contention exists among any of the
ports or when the receive port is partitioned as defined in 9.6.6. Between un-
partitioned ports, the rules for collision handling (9.5.6) take precedence.

9.5.5.1 Start of Packet Propagation Delays. The start of packet propagation

delay for a repeater set is the time delay between the Hrst 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).

For a repeater unit with AUT connectors at input and output ports, this time
shall be less than or equal to 8 bit times.

For a repeater set with internal MAUs on both input and output ports, an ad-
ditional 6.5 bit times delay for an input port MAU and 3.5 bit times delay for
an output port MAU shall be allowed. This added delay does nat include any dec
rise time for the coaxial cable. -

9.5.8 Collision Handling

9.5.6.1 Collision Presence. The repeater set shall implement the Collision
Presence Function using receive-mode collision detéction as specified for the
media with which it is connected.

9.5.6.2 Jam Generation. If a collision ig.detected on any of the ports to
which the repeater set is transmitting, the repeater set shall transmit a Jam to
all of the ports to which it is connected. The'Jam shall be transmitted in accor-
dance with the Repeater Unit State Diagram in Fig 9-2 and shall be as speci-
fied in 4.2.3.2.4 with the further congtraint that the first 62 bits transmitted to
any port shall be a pattern of alternate 1’s and 0’s starting with the first bit
transmitted as a 1.

9.5.6.3 Collision-Jam Propagation Delays. The start of collision propaga-
tion 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 transi-
tion 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 internal MAUs on both input and output ports, an ad-
ditional allowance of 9 bit times delay for an input port MAU and 3.5 bit times
delay for'an output port MAU shall be made. This added delay does not include
any de rise time for the coaxial cable.

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 sig-

nals that should cause Jam to end are covered in detail imthe repeater state—
diagrams.

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.
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For a repeater set with internal MAUs on its idput ports, an additional al-
lowance of 0.5 bit time delay for DI and 20-bit times for signal_quality_error
deassertion shall be made. For a repeater set with i}nternal MAUSs on its output
ports, an additional allowance of 0.5 bit time delay shall be made. This added
delay does not include any dc fall time for the coaxial cable.

9.5.6.4 Transmit Recovery Time. It is essential that the repeater unit not
monitor a port for input for a short time after the repeater stops transmitting to

that port. This recovery time prevents the repeater from receiving its own
transmission as a new receive activity. The minimum recovery time allow*
able for a repeater is implementation- dependent but must be greater than’the
sum of the delays in the transmit and receive paths for the port. In all cases the
recovery time must be less than 10 bit times froni the last transition“on the
transmitting AU Interface. |
9.5.6.5 Carrier Recovery Time. During a colhsmn the input-idle signal

is unreliable for short periods of time (bits) because of the possibility of signal
cancellation on the collision segment. In order to prevent.ptemature 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 inac-
tive from that port. This recovery time prevents thé{repeater from prematurely
‘ending a Jam on an active network. The minimum carrier recovery time al-
lowable for a repeater is implementation- dependent but shall be greater than
the CARRIER ON time after signal_quality_érror is deasserted. In all cases,
the carrier recovery time shall be less than 4 bit tlmes from the last transition
on the AU Interface.

9.5.7 Electrical Isolation. Network segments that have different isolation
and grounding requirements shall ‘have those reqmrements provided by the
port-to-port isolation of the repeater set.

9.6 Detailed Repeater Functions and State Dlagrams A precise algorithmic
definition is given in this section, providing a complete procedural model for
the operation of a repeater, in the form of state diagrams. Note that whenever
there is any apparént ambiguity concerning the deﬁnition of repeater opera-
tion, the state diagrams should be consulted for the definitive statement.

The model presented in this section is intended as a primary specification
of the functions to be provided by any repeater unit. It is important to distin-
guish, however, between the model and a real implementation. The model is
optimized for simplicity and clarity of presentation, while any realistic im-
plementation should place heavier emphasis on such constraints as efficiency
and suitability to a particular implementation 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 pro-

cedural 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 imple-

mentation, 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.

156



https://iecnorm.com/api/?name=cdb6b51a953a7441ecbc6077649b38e3

ISO/IEC 8802-3 : 1992

CSMA/CD ANSIIEEE Std 802.3, 1992
Description of State Diagram Variables
Input/Output Variables
. Dataln (X)

Status of Dataln input at port X.
Values: II = input_idle ; indicates no activity

=t imdicatesactivity
Note that Dataln (X) may be undefined during collision
but that it is a don’t care in all instances when this is true.

Collin (X)
Status of Controlln input at port X,
Values: SQE = signal_guality_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 ig’sourcing alternating 1’'s and
0’s on port X.
Data ; Repeater is repeating-data frame on port X.
Jam ; Repeater is sourcinig Jam on port X.
TwoOnes ; Repeater,is-sourcing two consecutive Manchester
encoded ones on port X.

DisableOut, (X)
Override of Out (X)
Values: ON ; Disable repeater transmission regardless of value

of Out (X).
—ON ; Repeater transmission depends on the value of Out (X).

Port Variables
TT (X)

Transmit Timer indicates number of bits transmitted on port X.
Values: Positive integers
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Inter-Process Flags

AllDataSent |
All received data frame bits have been sent

Bit Transmitted ‘
Indicates a bit has been transmitted by the repeater unit.

DataRdy |
Indicates the repeater has detected the SFq and is ready to send there-
ceived 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 re-
covery time is completed. 3

Tw2 ‘
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 outpub (see 9.6.5). It is started by
StartTw3. Tw3Done is satisfied when the timer has expired.

Tw4 |
Wait Timer for timé)to disable output for J abber Lockup Protection (see
9.6.5). It is started by StartTw4. Tw4Done ls satisfied when the timer
has expired,

Port Functions

Port (Test)
Afunction that returns the designation of a ‘port passing the test condi-
tion. For example, Port (Collln=SQE) returns the designation: X for a
port that has SQE true. If multiple ports meet the test condition, the Port
function will be assigned one and only one of the acceptable values.
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Port Designation

Ports are referred to by number, Port information is obtained by replacing
the X in the desired function with the number of the port of interest. Ports are
referred to in general as follows:

ALL

Indicates all repeater ports are to be considered. All ports shall

ANY

ONLY1

ALLXN

ALLXM

ANYXN

ANYXM

4 b oa
pesivicin ~]-1

Indicates all ports are to be considered. One or more ports shall
meet the test conditions in order for the test to pass.

Indicates all ports are to be considered. One, but not meré than
one, port shall meet the test condition in order for the test to
pass.

Generic port designator. When X is used in-a state diagram, its
value is local to that diagram and not global to the set of state
diagrams.

Is defined by the Port function ot exiting the IDLE state of
Fig 9-2. It indicates a port that caused the exit from the IDLE
state.

Is defined by the Port-fanction on exiting the TRANSMIT
COLLISION state of Fig 9-2, It indicates the only port where
CollIn=SQE.

Indicates all.ports except N should be considered. All ports
considered-ghall meet the test conditions in order for the test to
pass.

Indicates all ports except M should be considered. All ports
considered shall meet the test conditions 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 ; *

W dREE L

Out (ALL) = Idle
Dataln (ANY) = 11* l | collin(ANY) = SQE: [N<Port(Collin = SQE)]

Collin(ALL) = SQE
:IN&Port(Dataln = )]

.SEND PREAMBLE PATTERN

ucr

Out (ALLXN) mPreamble Pattern

Collin (ANYXN) = SQE i 1 Coliin (N) = SQE + (DataIn(N) = Il *
Collin{ALL) = SQE)

TT(ALLXN) = 62*%DataRdy* CollIn{ALL) =
SQE*Datatn(N) =TI

SEND TWO ONES

Out (ALLXN) = TwoOnes

| cotin (M =sqe + (Dataln(&) I1*Collin (ALL)=SQE)

Collin (ANYXN) = SQE

TwoOnes Sent*Collin{ALL) = SQE*
Dataln(N) =11

SEND DATA

Out (ALLXN) = Data

Collin (ANYXN) = SQE

Collin (N) = SQE +(Dataln(N) W*
Collin(ALL) = SQE*AlIDataSent*

‘ TT(ANYXN)<96)
1 { | LA AA
yYv Datain (N) =# *Collin (ALL) = SQE * RECEIVE COLLISION
TT(ALLXN) 96 * AllDataSent Cemmaniaveney

TRANSMIT CoLLISIoN

} Out (ALLXN) = Jam
|
Collin (ANYXN) = SQE

Out (ALL) = Jam

Collin (ALL) = SQE * TT(ALL) =96 *Tw2Done

Dataln (N) =il % __
Collin (ONLY1).2SQE * Collin (ALL) = sga *
TT(ALL) =96:[M<=Port(Collin = SQE)] TT(ALLXN) =96

Tw2Done

 ONE PORT.LEFT

Out (ALLXM) = Jam

Collin(ANY XM) Dataln (M) = _i
= SQE Collin (ALL) = $QF * v v v
, Tw2Done WATT

StartTw1
Out (ALL)i = Idle

Coilln (ANY) = SQE +

T Toone n

NOTE: Out (X) = Idle in all instances unless specified otherwise.

Fig 9-2
Repeater Unit State Dlagram
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v v

Tw2Done

T'!:(X) =TT(X) + 1

lUCT

HOLD

TT(X)

Bit Transmitted Out(X) =Idle

Fig9-3
Transmit Timer State
Diagram for Port X

| Collin(ANY) = SQE

Tw2NotDone

Collin(ALL) = SQE

. TIMING |
StartTw2
Tw2 = Done
Fig 94
Tw2 State Diagram
BEIGIN
v v ¢
 MILPIDLE

DlsabIeOut = ON

Out(ANY) = Idle

. IIMEOUTEUT ...

DisableOut = ON
StartTw3

Out(ALL) = ldle

Tw3Done*Qut{ANY)

DISABLE OUTPUT _
DlsableOut = ON
StartTwi

=idie

TwdDone

Fig 9-6

MAU Jabber Lockup Protection State Diagram
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9.6.2 Data and Collision Handling. The repeater umt shall implement the
CARRIER_ON function for all its ports. Upon detectlon of carrier from one
port, the repeater unit shall repeat all received s1gné,ls in the Data Frame from
that, port to the other port (or ports).

‘The repeater unit data and collision-handling algorlthm shall be as de-
fined in Fig 9-2.

9.6.3 Preamble Regeneration. The repeater unit éhall output at least 56 bits

56 bits, the maximum length preamble pattern it shall send is the numberre-
" ceived 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, ﬁlcludmg preamble; the re-
peater unit shall extend the output bit sequence with Jam such that the total
number of bits output from the repeater unit shall equal 96.

9.6.5 MAU Jabber Lockup Protection. MAU Jabber Locktp Protection must
operate as shown in the MAU Jabber Lockup Protection state diagram. The re-
peater unit shall interrupt its output if it has transmitted continuously for
longer than 5 ms or 50000 bit times — 20% + 50%. The repeater unit shall then,
after 96 to 116 bit times (9.6 to 11.6 us), re-enable transmlssmns

9.6.6 Auto-Partitioning/Reconnection (Optlonal)i

9.6.6.1 Overview, In large multisegment networks it may be desirable
that the repeater unit protect the network from some fault conditions that would
halt all network communication. A poténtially likely cause of this condition
could be due to a cable break, a faulty connector, or a faulty or missing termi-
nation.

In order to isolate a faulty segment’s colhsmn {activity from propagating
through the network, the repeater unit may optlpnally implement an auto-
partition algorithm and, on\detection of the malfunction being cleared, an
auto-reconnection algorithm.

9.6.6.2 Detailed Auto-Partition/Reconnection Algorithm State Diagram.
The repeater unit may optionally implement an auto-partition/reconnection
algorithm that protects the rest of the network from an open-circuited segment.
If the repeater unit provides this function, it shall conform to the state diagram
of Fig 9-6.

The algorithm defined in Fig 9-6 shall isolate a|segment from the network
when one. of the following two conditions has occurred on the segment:

(1)_When a consecutive collision count has been reached; or

(2) When a single collision duration has exceeded a specific amount of

time.

When a segment is partltxoned Dataln (X) and CollIn x) from that seg-

activity on the port will not affect the repeater unit. /Output from the repeater to
the segment is not blocked.

The segment will be reinstated when the repeater has detected activity on the
segment for more than the number of bits speclﬁed for Twb without incurring
a collision. ;

|
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Description of State Diagram Variables and Constants
Port Constants
CCLimit

The number of consecutive collisions that must occur before a seg-
ment is partitioned. The value shall be greater than 30.

Input/Output Variables

DIPresent(X) v
Data in from the MAU on port X. (This input is gated by the partition
state machine to produce Dataln (X) to the main state machine:)
Values: II = input_idle ; no activity
~II = Input not idle ; activity

CIPresent(X) ‘
- Control input from the MAU on port X. (This inputis gated by the parti-
tion state machine to produce Collln (X) to the-main state machine.)
Values: SQE = signal_quality_error ; indicates collision
—SQE ; indicates no collision

Port Variables

CCX)
Consecutive port collision count on a particular port X. Partitioning
occurs on a terminal count’of CCLimit being reached.
Values: Positive integers-up to a terminal count of CCLimit.

Inter-Process Flags

Twh
Wait Timer for length of packet without collision. Its value shall be
between( 450 and 560 bit times. It is started by StartTw5. Tw5Done is
satisfied when the timer has expired.

Twé
Wait Timer for excessive length of collision. Its value shall be
between 1000 and 30 000 bit times. It is started by StartTwé. Tw6Done is
satisfied when the timer has expired.
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BEGIN
COUNT CLEAR .. COLLISION COUNTIDLE
CC(X) =0 Datain (X):DIPresent(X)
Dataln (X) = DIPresent(X) Collin (X)‘ =CiPresent(X)
Collin (X) = CIPresent(X) '—
DIPresent( =11+
DiPresent(X) =11 ClPresent(X)= SQE
CiPresent(X)=SQE
WATCHFOR COLLISION,
StartTws
; Dataln (X)= DiPresent(X)
PARTITION WAIT Collin (X)=ClIPresent(X)
_ DiPresent(X)=1l% _ ClPresent(X)=SQE
Dataln (X)”_ﬂ_ CIPresent(X)= SQE
Collin(X)=SQE
TwSDone * | _
DIPresent(X) =1l * ' DiPresent(X)=ILt.
CIPresent((X)=-S_E CIPresent(X) + SQE
e y COUUISION COUNTINCREMENT,
......N..l:...... CC(X) =CC(X) +1
Datain 00 =1! Dataln (X)=DiPresent(X)
Coliin (X)=SQE ] Collin (X)=CIPresent(X)
DIPresent(X) =T+ StartTwé
ClPresent(X)= SQE
CC(X) > CCLimit+( Tw6Done * DIPresent(X)=11*_
CIPresent(X)= SQE) CIPresent(X} = SQE
PARTITION COLLISION WATCH CCUX) <CCLimit *
A aaa s s s seneuun TwéDone
Dataln (X)=1l
Collin (X)=SQE
StartTw5
ClPresent(X) DiPresent(X) =11 *
=SQE ClPresent(X) = SQE
Tw5Done *DiPresent(X) =1 *
ClPresent(X)= SQE
WAIT TO RESTOREFORT
Datain (X)=1
Collin (X)=SQE
rr(v) —~{
DiPresent(X)=11%_
ClPresent(X)= SQE
Fig 96
Partitioning State Diagram for Port X
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9.7 Electrical Isolation. There are two electrical power distribution environ-
ments 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.

AVIToninen = en a CTosses 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 re-
lated to safety. See ECMA-97 [A9].

9.7.1 Environment A Requirements. Attachment of network segments via
repeaters (sets) possessing internal MAUSs requires electrical isolation of 500
Vrms, 1 minute withstand, between the segment and the protective ground of
the repeater unit.

For repeater ports that connect to external MAUs via_an’ AU Interface, the
requirement for isolation is encompassed within the isolation requirements

* of the basic MAU standard. (See 8.3.2.1 and 10.4.2.1.) The repeater unit shall
not require any electrical isolation between exposed AU Interfaces or between
exposed AU Interfaces and chassis ground of the repeater unit. No isolation
boundary need therefore exist at any AUl compatible interface (that is “D”
connector) provided by a repeater unit.

9.7.2 Environment B Requirements.The attachment of network segments,
which cross environment A boundaries, requires electrical isolation of 1500
Vrms, 1 minute withstand, between each segment and all other attached seg-
ments and also the protective ground of the repeater unit.

It is recommended that this isolation be provided by the use of external
MAUs connected by AU Interfaces. If internal MAUs are used the segments
shall be installed such_that it is not possible for an equipment user to touch the
trunk cable screen or_signal conductor. A repeater of this variety requires
professional installation. ;

The requirements for interconnected coaxial cable/electrically conducting
LAN segments, that are partially or fully external to a single building envi-
ronment may require additional protection against lightning strike hazards.
Such requirements are beyond the scope of this standard. It is recommended
that the) above situation be handled by the use of a nonelectrically conducting
IRL(for example, fiber optic)."

It'is assumed that any nonelectrically conducting segments will provide

sufficient isolation within that media to satisfy the isolation requirements of

environment B.

9.8 Reliability. A 2-port repeater set shall be designed to provide a mean time
between failure (MTBF) of at least 50 000 hours of continuous operation without
causing a communication failure among stations attached to the network
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medium. Repeater sets with more than two ports shall add no more than 3.46 X
10-¢ failures per hour for each additional port. j

The repeater set electronics shall be designed to :jminimize the probability of
component failures within the repeater electronics that prevent communica-
tion among the other MAUs on the individual coaxial cable segments. Con-
nectors and other passive components comprising t}e means of connecting the
repeater to the coaxial cable shall be designed to

‘ inimize the probability of
total network failure. 3

9.9 Medium Attachment Unit and Baseband Medmm Specification for g
Vendor-Independent FOIRL |

9.9.1 Scope |

9.9.1.1 Overview. A vendor-independent FOIRL prov1des a standard

means for connecting only two repeater units. It ‘thus extends the networg
length and topology beyond that which could be achieved by interconnectin
coax segments via repeater sets only, as deﬁnedJ in-8.6 or 10.7. A vendor
1ndependent FOIRL is particularly suited for mterconnectmg coax segment<
located in different buildings. The FOMAU descrlbed in this document is nof
intended for use in connecting DTEs.

In particular, this section defines the followmg

(1) The functional, optical, electrical, and mechanical characteristics of 3
fiber optic MAU (FOMAU) suitablefor 1nterfacmg to a repeater unit, ei;
ther directly (FOMAU and repeater unit 1ntegrated into a single pack-

_ age) or via an AUI mechanical’ connection. 1

(2) Various optical fiber sizes suitable for conneétmg only two FOMAUs.

A schematic of the vendor-independent FOIRL and its relationship to the re
peater 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 i teroperabﬂlty of FOMAUj§
that originate from different manufacturers, thereby facilitating the devel]
opment of simiple and inexpensive inter-repeater Enks (IRLs). To satisfy thi
objective, the, FOMAU has the following general ¢haracteristics:

(a) Enfables coupling the repeater unit PLS du‘ectly, or by way of the AU
mechanical connection, to the explicit baseband optical fiber cable lin
segment defined in this section of the standgu‘d

(b) Supports signaling at a data rate of 10 Mb/s._

(¢) Provides for driving up to 1000 m of an optwal fiber cable link segment

(d) Operates mdlstmgulshably from a repeater set MAU, as defined i

Ctio  WHEM ViEw D

(e) Supports 10BASE5 and 10BASE2 system éonﬁguratlons as deﬁned in
Sections 8 and 10 of this standard. |

(f) Allows integration of the FOMAU into a Smgle package with the re-
peater unit, thereby eliminating the need for an AUI ‘mechanical con-
nection, |
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T TO 10BASES OR 10BASE2 NETWORK
REPEATER
........ g e mmmmmmmmmmmmmmeneee
——— AUI*
FOPMA—— T
FOMALU
FOMDl — | | !
Vendor- OPTICAL FIBER
Independent 4———————\CABLE
FOIRL LINK SEGMENT
IRUEUNREUNL. A SR, N S,
REPEATER
uNIT AUl = ATTACHMENT.UNIT
INTERFACE *
FOMAU = FIBER OPTIC MEDIUM
ATTACHMENT UNIT
FOMD! = FIBER OPTIC MEDIUM-
DEPENDENT INTERFACE

O 10BASES OR 10BASE2 NETWORK FOPMA = FIBER OPTICPHYSICAL
MEDIUM ATTACHMENT

* See 9.9.1.3 for implementation requirements.

Fig 9-7
Schematic of the Vendor-Independent FOIRL
and Its Relationship to the Repeater Unit
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The implementation may incorporate additional features, for example those
that allow compatibility with vendor-dependent FOMAUS, as in 9.4.3.1. The
means to support these features are beyond the scope of this subsection.

9.9.1.2 Application Perspective; FOMAU and Medium Objectives. This
section states the broad objectives underlying the vendor-independent FOIRL
specification defined throughout this section of the fstandard These are as fol-
lows: |

(1) Provide the physical means for connecting onlly two repeater units.

(2) Define a physical interface for the vendor- mdependent FOMAU ¢omi-
ponent of the vendor-independent FOIRL that can be implemented inde-
pendently among different manufacturers of \ hardware and 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 performance. The resultant BER of the FOIRL should be
less than one part in 1010,

(4) Provide a means to prevent packet transnhssmn through an FOIRL
when transmission capability in one or both dzrectlons is disrupted.

9.9.1.8 Compatibility Considerations, All 1mplementatlons of the vendor;
independent FOMAU shall be compatible at the FOMDI and at the AUI (when|
physically and mechanically implemented). :
- This standard provides an optical fiber cable li k segment specification fon
the interconnection of only two FOMAU devices. The medium itself, the func
tional capability of the FOMAU, and the AUI are defined to provide the highest
possible level of compatibility among, devices designed by different manufac
turers. Designers are free to implement circuitry| within the FOMAU in an|
application-dependent manner provided the FOMDI and AUI are satisfied.
(The provision of the physical’and mechanical implementation of the AUI is|
optional.) :

9.9.1.4 Relationship-to AUL A close relationship exists between this sec
tion and Section 7. This section specifies all of the physical medium parame-
ters, all of the FOPMA logical functions residing|in the FOMAU, and refer-
ences the AUT defined in Section 7 with the exception of the sig-
nal_quality terror message Test of 7.2.1.2.3(3), \which shall not be imple-
mented, that is, shall not be enabled when connectei to a repeater unit.

NOTE: The specification of a FOMAU component requires the use of both this section and Section
7 for the AUI specifications:

9.9.1.5 Mode of Operation. The FOMAU functlons as a direct connection
between the optical fiber cable link segment and the repeater unit. During col-
11s1on-free operatlon data from the repeater umt 8 transmltted mto the FO-

ﬁber is transmlttedto the repeater unlt o J
9.9.2 FOMAU Functional Specifications. The FOMAU component provides
the means by which signals on the three AUI signal circuits are coupled:
(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.
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To achieve this basic objective, the FOMAU component contains the follow-
ing functional capabilities to handle message flow between the repeater unit
and the optical fiber cable link segment:

(a) Transmit Function : The ability to receive serial bit
streams from the attached repeater
unit and transmit them into the

PCIVIAU’FUPﬁCﬁ'l‘ﬁbUI T

(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 : The ability to detect, and report to the
attached repeater unit{>-an FOIRL
collision,

(d) Jabber Function : The ability to automatically interrupt
the Transmit Function and inhibit an
abnormally longoutput data stream.

(e): Low Light Level : The ability tosautomatically interrupt

Detection Function the Receive Function and inhibit the
reception® of signals from the
FOMAU’s receive optical fiber which
could result in abnormally high
BERs.

9.9.2.1 Transmit Function Requirements. At the start of a packet trans-
mission into the FOMAU’s transmit optical fiber, no more than two bits (two
full bit cells) of information may be received from the DO circuit and not
transmitted into the FOMAU’s transmit optical fiber. In addition, it is per-
missible for the first bit_sent to contain encoded phase violations or invalid
data. All successive bits ©f the packet shall be transmitted into the FOMAU’s
transmit optical fiber and shall exhibit the following:

(1) No more edge jitter than that given by the sum of the worst-case edge jit-

ter components specified in 7.4.3.6, 7.5.2.1, and 9.9.4.1.7, and

(2) The leyels’and waveforms specified in 9.9.4.1.

The FOMAU DO circuit shall comply with the AUI specification for re-
ceivers given in 7.4.2. The FOMAU’s DI circuit driver shall comply with the
AUI specification for drivers given in 7.4.1.

The steady-state propagation delay between the DO circuit receiver input
and the FOMAU’s transmit optical fiber input shall not exceed one-half a bit
cell, It is recommended that the designer provide an implementation in which

a minimum threshold level is required on the DO c¢ircuit to establish a trans-
mit bit stream.

The higher optical power level transmitted into the FOMAU’s transmit opti-
cal fiber shall be defined as the low (LO) logic state on the optical fiber link
segment. There shall be no logical signal inversions between the DO circuit
and the FOMAU’s transmit optical fiber, as specified in 9.9.4.1.5.
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The difference in the start-up delay (bit loss plus invalid bits plus steady-
state propagation delay), as distinct from the absolute start-up delays, between
any two packets that are separated by 9.6 us or less shall not exceed 2 bit cells.

The FOMAU shall loop back a packet received frbm the DO circuit into the
DI circuit. At the start of a packet transmission, nb more than five bits of in-
formation may be received from the DO circuit and not transmitted into the DI

cn‘cmt It is perm1ss1ble for the ﬁrst bit sent to coptam encoded phase v101a-

-the DI circuit and shall exhibit no more edge Jltter‘/‘than that specified for-sig-
nals transmitted into the DI circuit by the Recenﬁe Function, as specified i
9.9.2.2. The steady-state propagation delay between the DO circuit receiver i
put and the DI circuit driver output for such sxgnals shall not exceed one bi
cell. There shall be no logical signal inversions bétween the DO, ‘¢ircuit an
the DI circuit during collision-free transmission. |

When the DO circuit has gone idle after a packet has been transmitted 1nt)
the FOMAU’s transmit optical fiber, the FOMAU shall figt activate the Colli
sion Presence Function so as not to send the signal-quality_error message

Test of 7.2.1.2.3(3) to the repeater unit.

During the idle state of the DO circuit, the Transmit Function shall outpu
into the transmit optical fiber an optical idle sighal as specified in 9.9.4.1.4,

The transmitted optical signals shall exhibit-the optlcal power levels specifie

in 9.9.4.1.8. At the end of a packet trangmission, (the first optical idle sign

pulse transition to the higher optical power level must occur no sooner tha

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 timing requirement$

of 9.9.4.1.4. J

The FOMAU shall not introduce extraneous opmcal signals into the - trans{
mit optical fiber under normal operating condltlbns including powering-up
or powering-down of the FOMAU., ]

9.9.2.2 Receive Function Requlrements. At uhe 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 FQMAU’S receive optical fiber
and not transmitted into the DI circuit. It is permissible for the first bit trans
mitted intg the DI circuit to contain encoded phase violations or invalid data
All succesgive bits of the packet shall be transmxtted into the DI circuit and
shall exhibit the following: r
(1XThe levels and waveforms specified in 7.4. 1‘ and
{2) No more edge jitter than that given by the sum of the worst-case edge jit
ter components specified in 7.4.3.6, 752 1, 9.9.4.1.7, 9.9.4.2.2, ang
9.9.5.1.

™

The steady-state propagation delay between the output of the FOMAU’s re-
ceive optical fiber and the output of the DI circuit driver shall not exceed one-
half a bit cell. There shall be no. logical sigrial inversions between the
FOMAU’s receive optical fiber and the DI circuit during collision-free
operation, as specified in 9.9.4.2.3. |

|
|
|
|
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The difference in the start-up delay (bit loss plus invalid bits plus steady-
state propagation delay), as distinct from the absolute start-up delays, between
any two packets that are separated by 9.6 Us or less shall not exceed 2 bit cells.

The FOMAU shall not introduce extraneous signals into the DI circuit un-
der normal operating conditions, including powering-up or powering-down of
the FOMAU.

9.9.2.3 Collision Presence Function Requirements. The signal presented

to the CI circuit in the absence of an SQE signal shall be the IDL signal.

The signal presented to the CI circuit during the presence of a collision shall
be the CS0 signal, a periodic pulse waveform of frequency 10 MHz +25 % —-16%
with pulse transitions that are no less than 35 ns and no greater than‘70 ns
apart at the zero crossing points. This signal shall be presented to the CI circuit
no more than 3.5 bit times after the simultaneous appearance of sighals at both
the input of the FOMAU’s transmit optical fiber and the output of the FOMAU’s
receive optical fiber. This signal shall be deasserted no earlier than 4.5 bit
times and no later than 7 bit times after the above defined\eollision condition
ceases to exist.

During a collision, if a packet is received at the DO, cireuit before a packet is
received at the FOMAU’s receive optical fiber, then only the packet received at
the DO circuit shall be transmitted into the DI circuit, as specified in 9.9.2.1.
Conversely, if during a collision a packet is received at the FOMAU’s receive
optical fiber before a packet is received at the DO circuit, then only the packet
received at the FOMAU’s receive optical fiber shall be transmitted into the DI
circuit, as specified in 9.9.2.2. In the event of both packets being received at
their respective ports within 3.5 bit times of each other, then either one, but only
one, of the packets shall be selected.to be transmitted into the DI circuit.

The Collision Function shall not introduce extraneous signals into the CI
circuit under normal operating conditions, including powering-up or power-
ing-down of the FOMAU.

9.9.2.4 Jabber Function Requirements. The FOMAU shall have the capa-
bility, as defined in Fig)9-9, to interrupt a transmission from the repeater unit
that exceeds a time duration determined by the FOMAU. This time duration
shall not be less:than 20 ms nor more than 150 ms. If the packet being
transmitted is still being transmitted after the specified time duration, the
FOMAU shall activate the Jabber Function by the following:

(1) First inhibiting the transmission of bits from its DO circuit into its

transmit optical fiber,

(2)"Then transmitting into its transmit optical fiber the optical idle signal

specified in 9.9.4.1.4, and

[~ "(3) Presenting the CS0 signal to the CI circnit

Once the error condition has been cleared, the FOMAU shall reset the Jabber
Function and present the IDL signal to the CI circuit:
(a) On power reset, and
(b) Optionally, automatically after a continuous period of 0.5 s + 50% of in-
activity on the DO circuit.
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The FOMAU shall not activate its Jabber FunctioL 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 Functlon
(see 9.9.2.5) have been activated, the Jabber Functlon shall override the Low
Light Level Detection Function.

9.9.2.5 Low Light Level Detection Function Requlrements. The FOMAU
shall have a low light level detection capability, as defined in Fig 9-10,

packets from the FOMAU’s receive optical fiber when reliable reception ca
no longer be assured. This error condition shall nl)t be activated if the pea
optical power level at the output of the FOMAU’s rece:ve “optical fiber, ‘exceed
—27 dBm. It shall be activated before the peak optical power level at the ouitput o
the FOMAU’s receive optical fiber has fallen to a level that is lower than the
peak optical power level that corresponds to a BER = 10-10 for¢he' FOMAU un-
der consideration. Once this error condition has been activated, the FOMAU
shall, no earlier than 30 bit times and no later than 200 bit'times
(1) Disable its Receive Function so that the transmission of bits from its re-
ceive optical fiber to the DI circuit is inhibited.

(2) Assure that only the optical idle signal is transmitted into its transmit
optical fiber, irrespective of the state of the DQ circuit.

(3) Disable its Transmit Function during the period of time that the FO-
MAU recognizes the presence of a packet on the DO circuit such that the
transmission of the packet from the DO clrcmt into the DI circuit is in-
hibited.

Once this error condition has beery cleared, the FOMAU shall return auto-
matlcally to its normal mode of eperation within 4? bit times once the DO cir
cuit is in the idle state. [
When both the Jabber Function (see 9.9.2.4) and/the Low Light Level Detec-
tion Function have been.activated, the Jabber Functmn shall override the Low
Light Level Detection Function. !

!
NOTE : Ii is recommended that, for diagnostic purposes, the status of the Low Light Level Detection
Function be indicated on'the exterior of the FOMAU package. |

9.9.2.6 Repeater Unit to FOMAU Physical Lafver Messages. The following

messages-can be received by the FOMAU physical layer entities from the re-
peater unit”

1
Message Circuit Signal 1 Meaning

outbut DO CDh1,CDO ‘ Output information
output_idle DO IDL No data to be output
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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, CD0 Input information

inpuz_idle DI IDL No information to be
input

fomau_available CI IDL FOMAU is available
for output

signal_quality_error  CI CSo Collision or error de-
tected by FOMAU

9.9.2.7.1 input Message. The FOMAU physical layer sends an input
message to the repeater unit when the FOMAU has a bit of data to send to the re-
peater unit. The physical realization of the input message is.a'CDO0 or CD1 sent
by the FOMAU to the repeater unit on the DI circuit. The FOMAU sends CDO if
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 input_idle Message. The FOMAU physical layer sends an
input_idle 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.

9.9.2.7.3 fomau_available Message. The FOMAU physical layer sends
the fomau_available message to the repeater unit when the FOMAU is avail-
able for output, and when the FOMAU has activated the Low Light Level Detec-
tion Function in accordance withgthe Low Light Level Detection Function re-
quirements of 9.9.2.5 and Fig-9-10, The fomau_available message shall be
sent by a FOMAU that is prepared to output data. The physical realization of
the fomau_available message is an IDL signal sent by the FOMAU to the re-
peater 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 fiber, it shall not send any signal_quality_error mes-
sage.Test sequence.

(2) Thesimultaneous appearance of packets at both the input of a FOMAU’s
transmit optical fiber and the output of its receive optical fiber shall
cause the signal_quality_error message. to be sent by the FOMAU to the
repeater unit.

A oo h o T

signal_quality_error message in accordance with the Jabber Function
requirements of 9.9.2.4 and Fig 9-9.
The physical realization of the signal_quality_error message is the CS0

signal sent by the FOMAU to the repeater unit on the CI circuit.
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The FOMAU is required to assert the szgnal_qualzty_error message at the
appropriate times whenever the FOMAU is powered and not just when the re-
peater unit is providing output data.

9.9.2.8 FOMAU State Diagrams. The state d;agrams, Figs 9-8, 9-9, and
9-10, depict the full set of allowed FOMAU state functions relative to the
control circuits of the repeater unit/FOMAU interface for FOMAUSs. Messages
used in these state diagrams are explalned as follows:

(1) enable _opt_driver : Activates the path employed during nor
mal operation to cause the FOMAU trans
mitter to impress the packet data receive
from the DO e¢ircuit into the FOMAU’
transmit optzcél fiber,

(2) disable_opt_driver :. Deactivates the path employed during
normal operat on to causé the FOMAU
transmitter to‘ impress_the packet data
received from| the DO circuit into the
FOMAU’s transmitJoptical fiber.

(3) enable_opt_idle_driver : Causes the ;FOMAU transmitter to
impress thecoptical idle signal into the
FOMAU’S transmit optical fiber.

(4) disable_opt_idle_driver : Causes,the FOMAU to stop transmitting
the .optical idle signal into the FOMAU’s
transmit optical fiber,

(5). enable_loop_back . _Activates thej 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. T

(6) disable_loop_back : Deactivates tbe path employed durmg,
normal operation to cause the FOMAU
Transmit Function to impress the packet
data received from the DO circuit into the
DI circuit.

(7) endble_opt_receiver : Activates the path employed during
normal operation to cause the FOMAU tg
impress the pécket data received from the
FOMAU’s recelve optical fiber into the DI

circuit.
(8) disable_opt_receiver : Deactivates bhe path employed durin
normal n use the FOMAU t

impress the packet data received from the
FOMAU's receive optical fiber into the DI

. . |
circuit. 1’
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(9) (start_packet_timer] . 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).

(10) [start_unjab_timer] . Starts a timing function that is used\to
monitor the amount of time that the Jabber
error condition has been clear.-The tim-
ing function is maintained &8s long as
output_idle is true and is stopped on the
transition to output frue. The term
unjab_timer_done is satisfied when the
timing function has-run to expiration

(see 9.9.2.4).

(11) opt_input : Signifies that a(packet is present at the
FOMAU’s receive optical fiber.

(12) opt_input_idle : SignifiesCthat a packet is no longer
present.at the FOMAU’s receive optical
fiber:

(13) opt_input_coll_select : Signifies that, during a collision, a

packet has been received at the DO circuit
within 3.5 bit times of a packet being
received at the FOMAU’s receive optical
fiber, and that only the packet received
at the FOMAU’s receive optical fiber is to
be transmitted into the DI circuit.

(14) output_coll_select : Signifies that, during a collision, a
packet has been received at the DO circuit
within 3.5 bit times of ‘the packet being
received at the FOMAU’s receive optical -
fiber, and that only the packet 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

(27 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
NOTE: Figs 9-8, 9-9, and 9-10 must all be considered together.
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* * ucT o fomau_ available \NPUT
OUTPUT output_idie * output * . )
R R opt_input_idle opt_input ® enable opt idle driver
® disable_opt _idle driver " LLP o disable_opt_driver
® enable_opt driver o disable loop back

o enable_loop back .
o disable_opt_receiver ® enable_opt_receiver

® fomau_available : ; ) ® fomau available

I ptd B TRANSMIT TIMER A output_idie l——-—-
outputJd|e output msassas v reenEB e . opt_inpu\ opt_input_ idle
‘o tnd AR [start_packet_timer] P
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COLLISION WITH OPT. REC.
o disable _opt_idle_driver A T R
e enable_opt_driver e disable_opt_idie_driver
° :nablle_loop_ba:k ® enable_opt_driver
edisable _opt_receiver .

output * o signal_quality error e disable loop _back

optinput.- idle : - ® enable_opt_receiver

. ® signal_quality error
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# disable_opt driver
o disable loop back
@ enable opt receiver

® signal_quality.error > B

output.idie* opt_input "LLP

opt_input_idle L_._._
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Fig 9-8
FOMAU Transmit, Receive, and Collision Functions State Diagram
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(] enak;Ie_opt_idleﬂdriver. ® enable_opt_idie. driver
o disable_opt_driver e disable opt_driver
® enable_loop_back e disable_loop_back
® disable_opt_receiver e disable_opt_receiver
®signal_quality_error o fomau_available
output_idle output output_idle * LLNP

* FOMAU WITH UNJAB TIMER

y ) 4
START UNJAB TIMER TRANSMIT TIMER D
® enable_opt_idle_driver | Istart_packet_timer]
e disable_opt_driver
o disable_loop_back ucT
o disable_opt_receiver
® signal_quality_error
LOW LIGHT LEVEL
[Starl,unjab_llmef] b= e s s s s s n e e e
® enable_opt_idle driver
. e disable_opt_driver
Output.idie e disable_loop_back
output unjabitimer_done e disable_opt_receiver
' o fomau_available
C ptd
output_idle *p_t_.n_d v
Fig 99 Fig 9-10
FOMAU Jabber Function . Low Light Level Detection
State Diagram Function State Diagram
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9.9.3 FOMAU Electrical Characteristics ‘

9.9.3.1 Electrical Isolation. Electrical 1solat10n shall be provided between
FOMAUSs attached to the FOIRL by the optical fiber ‘cable link segment. There
shall be no conducting path between the optical medlum connector plug and
any conducting element within the optical fiber cable link segment. This iso-
lation shall withstand at least one of the following electrlcal strength tests:

(1) 1500 V rms at 50-60 Hz for 60 s, applied as speclﬁed in 5.3.2 of IEC Publi-

| cation 950 [8].
(2) 2250V dc for 60 s, applied as specified in 5.3.2 of IEC Pubhcatlon 950 [81.
(3) A sequence of ten 2400 V impulses of alternating polarity, apphed at’in-
| tervals of not less than 1 s. The shape of the impulses shall be 1.2/50 us
| (1.2 us virtual front time, 50 ps virtual tlme of half value); as defined
IEC Publication 60 [11].

‘There shall be no isolation breakdown, as defined in 5.3.2 of 1IEC Publica-
tion 950 [8], during the test. The resistance after the test shall-be at least 2 MQ,
meaSured at 500 V dec. 1
NOTE: Although isolation is provided by the optical fiber cable itk segment, it is recommended
thiat the normal noise immunity provided by common-mode isolationron the AUI be retained.

9.9.3.2 Power Consumption. The current drawn by the FOMAU shall not
exceed 0.5 A when powered by the AUI source. The FOMAU shall be capable of
operating from all possible voltage sources/as supphed by the repeater unit
(7.5.2.5 and 7.5.2.6) through the resistance of all permissible AUI cables. The
surge current drawn by the FOMAU on‘power-up shall not exceed 5 A peak for
a period of 10 ms. In addition, 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 separate power source is 1mp1emente(ﬂ provision will be made to
aésure that power shall under no circumstances be | sourced on pin 13 (Circuit
VPP) of the AUL

' The FOMAU shall.be labeled externally to 1dent1fy the maximum value of
power supply current required by the device when the AUI mechanical connec-
tlon is impleménted.

| The FOMAU shall not introduce into the FOMAU’s transmit optical fiber or
onto the DI or CI circuits of the AUI any extraneou5131gnal on routine power-up
or power:down under normal operating conditions.

The/FOMAU shall be fully functional no later than 0.5 s after power is ap-
phed to it.

9.9.8.8 Reliability. The FOMAU shall be deSIgﬂed to provide a MTBF of at
east 200 000 hours of operatxon without causing a communication failure

._:

uuwugbt PTEsattachedtothe uetwm-k.—‘Phe—Fe-hh%H—e}ectmmcs-shal'l-be-&e-—
igned to minimize the probability of component faﬂures within the FOMAU
hat prevent communication amongst other MAUs on the 10BASE5 and
0BASE2 segments Connectors and other passwe means of connection shall
be designed to minimize the probability of total network fallure

/
1

H‘UI

—
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9.9.3.4 FOMAU/Repeater Unit Electrical Characteristics. The electrical
characteristics of the driver and receiver components connected to the AUT ca-
ble shall be identical to those specified in Section 7.
9.9.3.5 FOMAU/Repeater Unit Mechanical Connection. The FOMAU, if it
implements the AUI mechanical connection, shall be provided with a 15-pin
male connector, as specified in the AUI specification of Section 7.
9.94 FOMAU/Optical Medium Interface
9.94.1 Transmit Optical Parameters
9.9.4.1.1 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 mini-
mum extinction ratio shall be 13 dB.
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 (L.O) logic state (see 7.4.2.1) of the AUTDO circuit.
9.9.4.1.6 Optical Rise and Fall Tinies. The optical rise and fall times of
the FOMAU shall be no more than 10 ngfrom the 10% to the 90% levels. There
shall be no more than 3 ns differencebetween the rise and fall times.
9.9.4.1.7 Transmit Optical Pulse Edge Jitter. The additional edge jitter
introduced by the FOMAU 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 output of the electro-optic source shall be
measured at the power level median of the optical waveform’s upper and lower
power levels, astdetermined from the previous 16 or more transitions in any
valid optical bit stream.
9.9.4.1.8' Peak Coupled Optical Power. At the beginning of the FOMAU’s
lifetime, the peak optical power coupled into the FOMAU’s transmit optical
fiber, when terminated with an optical connector as specified in 9.9.5.2, shall
be =12dBm + 2 dB, when measured with a graded index optical fiber of nomi-
nalydimension of 62.5 um core diameter and 0.275 nominal numerical aper-
ture. The actual optical power, which will be coupled into other fiber sizes
— listed in 9.9.b.1, may dilfer irom the above value. The peak optical power shall
be measured in the steady state, and the measurement shall be independent of
optical pulse ringing effects. Peak optical overshoot shall not exceed 10%.
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NOTE: The above value does not include an aging margm The source is allocated an aging
margin of 3 dB over its operating lifetime. The variation in the peak-coupled opt1cal power due to
tolerances allowed by IEC Publication 793-2 {1410 for type Alb (62. 5/125 pm) fiber is +1 dB. Hence,
the minimum power level at the start of life will be ~15 dBm. i

9.9.4.2 Receive Optical Parameters ‘

9.9.4.2.1 Receive Peak Optical Power Range The BER shall be <1010

for peak optical powers at the output of the FOMAU s receive optical fiber be-
——tweenr=27-dBmand—9-dBm:

9.94.2.2 Receive Optical Pulse Edge Jltter. The additional edge jitter \
introduced by the FOMAU from the input of the opto-(electnc detector to thé out-
put 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 at the power level me-
dian 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 circuit drlvea' shall be measured at the
zero crossing points as determined from the prewous 16 orumore transitions in
any valid bit stream. This requirement shall appl%’ when' the optical receive
peak power level is in the range ~27 to -9 dBm.

9.9.4.2.3 Receive Optical Logic Polarity. 'ﬂhe low (LO) logic state (see
7.4.2.1) on the DI circuit shall correspond to the presence of the higher optical
power level at the output of the FOMAU’s receivé optical fiber.

9.9.5 Characteristics of the Optical Fibér Cable Link Segment. The optical
fiber cable link segment 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 se‘ctlons and their means of
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 Optlcal Fiber(Medium. The FOMAU can operate with a variety of
optical fiber sizes, e.g., 50/125 um, 62.5/125 um, 85/ 125 pm, 100/140 um.

Interoperability of \FOMAUSs that originate from different manufacturers,
using any of these fiber sizes, is assured provided tklat the received peak opti-
cal 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 bandw1dth criteria for all al-
lowable FOIRL lengths, and assuming up to 4 dB bf connection losses within
the optical fiber cable link segment, it is recommended that the cabled optical
fibér have an attenuation < 4 dB/km and a bandWldth of 2 150 MHz referred to
I°km at a wavelength of 850 nm,

The total mcremental optlcal pulse edge Jltter 1ntroduced by the optlcal ﬁber

10 This FOIRL specification is to be read with the understand.lng that the following changes to
IEC Publication 793-2 [14] have been requested:
(1) Correction of the numerical aperture tolerance in Table mI to £ 0.015.
(2) Addition of another bandwidth category, of 2 150 MHz referred to 1 km, for the type Alb
fiber in Table IIIL. ‘
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ter as specified in 9.9.4.1. The pulse delay introduced by the optical fiber cable
shall not exceed 50 bit times for a 1 km length.
In the specific case of 62.5/125 um fiber, to ensure interoperability of
FOMAUSs that originate from different manufacturers:
(1) The two cabled optical fibers contained in the optical fiber cable link
segment shall satisfy the optical fiber parameters specified in IEC Pub-
lication 793-2 [141 type Alb (62.5/125 pum),!* and

or equal to 8 dB and a bandwidth greater than or equal to 150 MHz.
9.9.5.2 Optical Medium Connector Plug and Socket. The two optical fibers
contained in the optical fiber cable link segment shall be terminated at each
end in an optical connector plug as specified in IEC Publications 874-118] and
874-2{19]. "

The corresponding mating connector socket shall conform with-the specifi-
cations given in IEC Publications 874-1 [18] and 874-2 [19].(This document
specifies the mechanical mating face dimensions to ensure mechanical in-
termateability without physical damage, of all F-SMA connectors covered by
the document. In addition, the optical insertion loss when interconnecting two
optical connector plugs shall not exceed 2.5 dB (measured using a socket
adaptor conforming to the mechanical specifications given in IEC Publica-
tions 874-1 [18] and 874-2 [19] and also using two‘identical fibers, as specified
in 9.9.5.1, assuming uniform 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
coupled into the worst-case optical fiber specified in 9.9.5.1 at the beginning of
the FOMAU’s lifetime (seex9.9.4.1.8), and assumes zero optical loss between
the optical source output and the optical detector input.

The value of —-27 dBm"is calculated by subtracting the FOIRL flux budget
from the minimum allowable peak optical power that can be coupled into the
FOMAU’s transmit optical fiber at the beginning of the FOMAU’s lifetime
(see 9.9.4.1.8) The flux budget is the maximum loss allowed within the
FOIRL to guarantee a BER < 1010 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

11 This FOIRL specification is to be read with the understanding that the following changes to
TEC Publication 793-2 [14] have been requested:
(1) Correction of the numerical aperture tolerance in Table III to + 0.015.
2) Ad(}li‘tion of another bandwidth category, of > 1560 MHz referred to 1 km, for the type Alb fiber
in Table III.
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lowing summarizes the allocated optical flux budgefts for the example graded
index optical fiber of worst-case dimensions 62.5 ym —3 um (i.e., 59.5 um)
core diameter and 0.275 — 0.015 (i.e., 0.260) numerical aperture:

Start of life minimum peak coupled optical power 5(9.9.4.1.8) : —15 dBm

Optical source lifetime degradation “ : 3dB
Maximum optical fiber cable link segment loss |

including system margin allowance J : 9dB
Resultant required receive peak optical power ' : —27 dBm

9.9.6.2 Timing Considerations. Table 9-1 summarizes the magimum alt
lowable timing budget contributions to the systém timing budgét for the
FOIRL. The last bit in to last bit out delay shall eqqal the Steady-State Propar
gation Delay. |

Table 9-1 3
Maximum Allowable Timing Budget\ Contributions
to the FOIRL System Timing Budget

Steady-State
Propagation Start-Up

N { S

Bit Loss Tovalid Bits Delay Delay
Symbol Function (bit times)  (bit time(s) (bit times)  (bit times
n OPTICAL DATA IN 20 10 | 05 35
ASSERT-INPUT 3
B OUTPUT—OPTICAL 20 0 0.5 3.5
DATA OUT ASSERT |
LOOP DO CIRCUTT ASSERT 5.0 10 | 10 70
BACK  -DLCIRCUIT ASSERT ;
B OPTICAL COLLISION — — | — 3.5
“»SQE ASSERT i
U COLLISION DEASSERT ~ — — — 7.0%
~+SQE DEASSERT 1
Al AUI Propagation _ —_ 2.57 2.57
F1 Optical Fiber — — B0 Y
Propagation per |
Kilometer ’

* Minimum Start-up Delay for I4 is 4.5 bit times.
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9.9.7 Environmental Specifications
9.9.7.1 Safety Requirements
9.9.7.1.1 Electrical Safety. A major application for the vendor-mdepen-
dent FOIRL is for interconnecting 10BASE5 and/or 10BASE2 coaxial cable
segments located within different buildings. The level of isolation provided
by the optical fiber cable link segment shall be consistent with this application
and provide adequate personnel and equipment safety from earth faults and

lightning strike hazards.

9.9.7.1.2 Optical Source Safety. The recommendations of IEC 825 Publi=
cation [17], if applicable, shall be adhered 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 envi-
ronment include electromagnetic fields, electrostatic discharge;-and tran-
sient voltages between earth connections. Several sources(of interference
contribute to voltage build-up 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 interfer-
ence characteristics of information technology equipment, see 1.3 in CISPR
Publication 22 [1].

The physical channel hardware shall meet its specifications when operat-
ing in both of the following conditions:

(1) Ambient plane wave field of 2¥/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 opti-
cal fiber cable link jsegment (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 gonnection of a DTE.

NOTE: The-optical fiber link segment is capable of withstanding higher levels of elec-
tromagnetic 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 Temperature and Humidity, The FOMAU and associated connec-

tor/cable systems are expected to operate over a reasonable range of environ-

mental conditions related to temperature, humidity, and physicai handling
such as shock and vibration. Specific requirements and values for these pa-
rameters are beyond the scope of this standard. Manufacturers should indi-
cate in the literature associated with the FOMAU (and on the FOMAU if possi-
ble) the operating environment specifications to facilitate selection, installa-
tion, and maintenance of these components. It is further recommended that
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such specifications be stated in standard terms, as speclﬁed in IEC Publica-

tions 68 [12], IEC 793-1[13], IEC 794-1(15], and IEC 874-1 (18].

|
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10. Medium Attachment Unit and Baseband Medium

10.1 Scope

chanical characteristics of the Medium Attachment Unit (MAUJ) and one
specific medium for use with local area networks. The relationship of this
specification to the entire CSMA/CD Local Area Network Specification is

Specifications, Type 10BASE2

10.1.1 Overview. This standard defines the functional, electrical; ahd me-

shown in Fig 10-1.

The purpose of the MAU is to provide a simple, inexpensive, and flexible

Fig 10-1
Physical Layer Partitioning;
Relationship to the ISO Open System
Interconnection (OSI)'Reference Model
osl LAN
REFERENCE MODEL CSMA/CD
LAYERS LAYERS
APPLICATION :
HIGHER LAYERS :

PRESENTATION Y c

/| LOGICAL LINK CONTROL

/ MAC —DTE L DTE
SESSEn MEDIA ACCESS CONTROL (AUI not
,/ s PLS exposed)
TRANSPORT PHYSICAL SIGNALING
NETWORK AU
DATA LINK
— MAU
PHYSICAL ]
— MDI

AUl
MAU
MDI

PMA

nuiuan

ATTACHMENT UNIT INTERFACE

MEDIUM ATTACHMENT. UNIT
MEDIUM DEPENDENT INTERFACE

PHYSICAL MEDIUM ATTACHMENT
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means of attaching devices to the local area network medium. This standard
defines a means of incorporating the MAU functlon within the DTE and
brmgmg the trunk coaxial cable directly to the D’D\E Interconnection of DTE
units is easily achieved by the use of industry standard coaxial cables and
BNC connectors.

This MAU and medium specification is almedw primarily at applications
where there are a relatively small number of devu;es located in a work area.

and connectors used. An inexpensive implementation is achieved by elimi
nating the MAU and Attachment Unit Interface (AUI) as separate comptnent
and using widely available interconnection components.

10.1.1.1 Medium Attachment Unit (normally|contained withinthe data
terminal equipment [DTE]). The MAU has the followmg genéral charactert
istics:

(1) Enables coupling the PLS to the explicit baseband coaxial transmission
system defined in this section of the standard. f

(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) cqax1a1 trunk cable segmen
without a repeater.

(4) Permits the DTE to test the MAU and the medgum itself.

(5) Supports system configurations using the CSMA/CD access mechanism
defined in the ISO {IEEE] Local Area Network Specification.

(6) Supports a bus topology interconnéction means.

(7) Supports low-cost capability by‘incorporating the MAU function withi
the physical bounds of the DTE, thereby eliminating the need for a separate A
connector and cable but containing the remamuig AU interface functional
ity.

10.1.1.2 Repeater Unit. The Repeater Unit i 1$ used to extend the physical
system topology and prévides for coupling two or more coaxial trunk cabl
segments. Multiple Répeater Units are permitted within a single system t¢
prov1de the maximum trunk cable connection pa&h specified in 10.7. The re}
peater is not a DTE and therefore has slightly dlfferent attachment requiref
ments.

o1 w

L

10.1.2 Definitions. This section defines the speclahzed terminology appli
cable to MAUSs and Repeater Units. ‘

Attachment Unit Interface (AUI). In a local arg‘aanetwork, the interface be
tween the Medium Attachment Unit (MAU) and the data terminal equipment
within a data station. (

baseband coaxial system. A system whereby inf'ormation is directly encoded

and impressed on the coaxial transmission medium, At any point on the
medium only one information signal at a tlme can be present without dis-
ruption. ‘

carrier sense, In a local area network, an ongomg act1v1ty of a data station to
detect whether or not another station is transnuttxpg
-

w
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NOTE: A collision presence signal is provided by the PLS to the PMA sublayer to indicate that one
or more stations are currently transmitting on the trunk coaxial cable.

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

coax1al cable seg’ment. A length of coax1a1 cable made up from one or more
: Axia S each end in it

charactenstlc 1mpedance

collision. An unwanted condition that results from concurrent transmission
on the physical medium.

collision presence. A signal provided by the PLS to the PMA sublayer|(within,
the Data Link Layer) to indicate that multiple stations are contending for ac-
cess to the transmission medium.

Medium Attachment Unit (MAU). In a local area network, @ device used in a
data station to couple the data terminal equipment (DTE)-to'the transmission
medium.

Medium Dependent Interface (MDI). The mechanjcal and electrical interface
between the trunk cable medium and the MAU.

Physical Medium Attachment (PMA). The portion of the MAU that contains
the functional circuitry.

Physical Signaling Sublayer (PLS). The portion of the Physical Layer, con-
tained within the DTE, that provides the logical and functional coupling be-
tween 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 tim-
ing applied to normal-data and collision signals.

trunk cable. The trunk coaxial cable system.
NOTE: For additional definitions, see 8.1.2.

10.1.3 Applieation Perspective: MAU and Medium Objectives. This section
states the“broad objectives and assumptions underlying the specifications de-
fined 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 Phys1cal 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.
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(3) Provide a communication channel capable of hlgh bandwidth and low bit
error rate performance. The resultant mean bit grror rate, at the Physical
Layer service interface, should be less than one part in 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 (ablhty of a station to gain access
to the medium and enable the Data Link connectlon in a timely fashion),

(6) Enable low-cost implementations.

NOTE: The figures and numerous textual references througho t the section refer to termindlo
associated with the AUL (that is, DO, DI, CI). Since the normal embodiment of the Type 10BAS]
configuration does not require an AUI actua] existence of the U)O DI, CI circuit may not_be
quired. Use of this terminology, however, is retained throughout Sectxon 10 for purposes of clarit)
and consistency.

10.1.3.2 Compatibility Considerations. All 1mp1ementat10ns of this base-
band coaxial system shall be compatible at the Medlum Dependent Interfa
(MDI).

This standard provides one explicit trunk cable medium speclficatmn far
the interconnection of all MAU devices. The m?dlum itself, and the fung-
tional capability of the MAU, are defined to provide the highest possible level ¢f
compatlblhty among devices designed by dxfferent manufacturers. Dg-
signers are free to implement circuitry within the MAU in an application-d¢-
pendent manner provided the MDI specifications g‘u'e satisfied.

10.1.3.3 Relationship to PLS and AUL This section defines the Prima
Physical Layer for the local area network; a layer comprised of both the physj-
cal medium and the rudimentary circuitry necessary to couple a station]s
message path directly to/from the medium. The complete Logical Physicgl
Layer of the local area network resides within the} DTE. Therefore, a close r¢-
lationship exists between this'section and Sectlonﬂ This section specxﬁes t
physical medium parameters, the PMA logical functions residing in t
MAU, and references the'signal circuits assocxated with the AUI as defined ip
Section 7.

The design of a-MAU component requires the use of both this section anf

parts of the PLS and AUI specifications contained in Section 7.

10.1.3.4 Mode of Operation. The MAU functions as a direct connectio
between the baseband medium and the DTE. Data from the DTE is output to thE
‘coaxial tfunk medium and all data on the coaxml trunk medium is input tp
the DTE:

|

102 References. References to such local or national standards that may be

useful resource material for the reader are 1dent1fied and located in the An-
nex 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 ¢ircuits to/from the DTE and
their associated interlayer messages are coupled to the single coaxial cable
baseband signal line. To achieve this basic objjactive, the MAU component
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contains the following 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 enti-
ties on the same network.

(2) Receive Function. The ability to receive serial data bit streams over the
baseband medium.

(3) Collision FPresence Function. The ability to detect the presence of two or
more stations’ concurrent transmissions.

(4) Jabber Function. The ability to automatically interrupt 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 infor-
mation may be received from the DO circuit and not transmittéd onto the coax-
ial medium. In addition, it is permissible for the first(bit sent to contain
invalid data or timing; however, all successive bits.of)the frame shall be
reproduced with no more than the specified 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 logical signal in-
versions between the branch cable DO circuit and the coaxial trunk cable (for
example, a “high” logic level input to the'MAU shall result in the less negative
current flow value on the trunk coaxial medium). A positive signal on the A
signal lead of the DO circuit shall@esult in a more positive voltage level on the
trunk coaxial medium. It is assumed that the AUI shall provide adequate
protection against noise. It is-recommended that the designer provide an im-
plementation in which a minimum threshold 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 output, the
MAU shall then activate the Collision Presence Function as close to the trunk
coaxial cable 'as possible without introducing an extraneous signal on the
trunk coaxial medium. The MAU shall initiate the Collision Presence state
within 0.6 us to 1.6 us after the Qutput Idle signal (Wait_Timer_Done in Fig
10<2)*and shall maintain an active Collision Presence state for a time equiv-
alent to 10 + 5 bit cells.
trunk cable shall be ac coupled before reaching the receive DI circuit. The Re-
ceive 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 information may be received from the coaxial cable and not
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PowerOn
........... QUTPUT IDLE ....... Output reererrinrsss QUTPYE s
® disable_driver ® enable_driver
® mau_available ® mou..covailable
(i -no—collision) (if_no_colll
® SQE (if Collision) ® SQE (if Coliision)
\ i'
output_idle

SQE_TEST WAIT

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

® gtart wait_timer
®.\ disable_driver
®  SQE (if Collision)
® mau_available

test_timer_done | (if no_collision)
| wait_timer_done
~ SQE TEST uCT | START TEST TIMER
® disable_driver ® disable_driver

® SsqE | ® SQE (if Coliision)
’ | ® stort test_timer

(UCT = unconditional tranéition)
(Wait_Timer_Done is specified in 10.3.1.1)
N

|
'Fig 10-2 !
MAU Interface Functiqfn

r

transmitted onto the receive DI circuit. In addition, it is permissible for th

first bit sent over the receive circuit to contain invalid data or timing; how-
ever, 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 propagation delay between
the coaxial cable and the receive DI circuit output shall not exceed 1/2 bit cell.
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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 appropriate test load specified in 7.4.1.1, of no more
than 7.0 ns in either direction when it is installed on the distant 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 require-
nts of 10.6.2.1 4 ive one end with pseudorandom chester en-
coded 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 10.4.1.3 except that the rise time of the signal
shall be 30 ns + 0, — 2 ns. The combination of coaxial cable and MAU receiver
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 RequirementsThe signal pre-
sented to the CI circuit in the absence of a collision shall bethe IDL signal.

The signal presented to the CI circuit during the presénce of a collision shall
be the CS0 signal, a periodic waveform at the nominal 10 MHz BR + 25%, — 15%
with the pulse width no less than 35 ns and no greater than 70 ns at the zero
crossing points. This signal shall be presented to the CI circuit no more than 9
bit times after the signal (that is, 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 presence 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 other MAUs transmitting and
shall detect the presence of more than two other MAUs transmitting, Table
10-1 summarizes the allowable conditions under which collisions shall be de-
tected.

The collision presence function may, in some implementations, be able to
sense an abnormal (for’example, 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 Tranemitters
<2 =2 >2
Transmitting N Y Y
Not transmitting N May Y
Y will generate SQE message -

N
May

will not generate SQE message
may generate SQE message
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10.3.1.4 Jabber Functional Requirements. The MAU shall contain the ca-
pability as defined in Fig 10-3 to interrupt a transmlssmn 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 transmitted
continues longer than the specified time duratlon the MAU shall inhibit
transmission and assume its not-transmitting state on the coaxial cable.
When the Transmit Functlon has been posmve?y dlsabled the MAU shall
Ia-
neous signal on the trunk coaxial medium. A MAU may reset the Jabberand
Collision Presence Functions on power reset once the error condition has-beegn
cleared. Alternately, a MAU may reset these funq:tlons automatically after |a
period of 0.5 s + 50%.
10.3.2 MAU Interface Messages ] '
10.3.2.1 DTE to MAU Messages. The followmg messages-¢can be sent hy
the DTE Physical Layer (PLS Sublayer) Entities to/the MAU Enfities:

|
|
{
|
|

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 followj‘ng messages can be sent hy
the MAU Physical Layer Entities to the:DTE Phy{ical Layer Entities:

Message Circuit Signal 7 Meaning
input D1 CD1,CDO0*  Input information
input_idle . DI IDL . No information to be
. input
mau_available CI IDL .~ MAU is available for
- output
SQE CI CSso ' Error detected by MAU

* It is assumed that no retiming of these clocked data signais takes place within the MAU.

10.3.2.2.1 input Message. The MAU sends ‘an input message to the DTE
Physical Layer when the MAU has a bit of data tq send to the DTE, The physi-
cal réalization of the input message is a CDO or CD1 sent by the MAU to tHe
DTE on the Data In circuit. The MAU sends CDO 1ﬁ' the input bit is a zero or CD1
if.the input bit is a one. No retiming of the CD1 or CDO signals takes plage
within the MAU.

10.3.2.2.2 input_idle Message. The MAUJsends an input_idle message

to the DTE Physical Layer when the MAU does |not have data To send o t.
DTE. The physical realization of the input_ Ldlé message is the IDL mgnal
sent by the MAU to the DTE on the Data In clrcult‘

10.3.2.2.3 mau_available Message. The MAU sends the mau_available
message to the DTE Physical Layer when the MAU is available for output. The
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(Fig 10-3 outputs override those in Fig 10-2.

Optional states: START UNJAB TIMER, UNJAB WAIT.)

Fig 10-3
Jabber Function State Diagram
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mau_available message is always sent by a MAU wthat is always prepared to
output data unless the SQE message should be sent instead. Such a MAU does
not require mau_request to prepare itself for data/ output. The physical real-
ization of the mau_available message is an IDL s1gjpa1 sent by the MAU to the
DTE on the Control In circuit.

10.3.2.2.4 signal_quality_error (SQE) Message. The SQE message
shall be 1mplemented in the followmg faghion:

transmlttlng on the trunk coax1al medlum

(2) If more than two remote MAUs are transmittmg on the trunk coaxial
medium, but the MAU connected to the local DTE is not transmitting, then the
local MAU shall send the SQE message. In everyj instance when, mere thar
one MAU is transmitting on the coaxial medium, the MAU shall make the bes|
determination poss1b1e It is acceptable for the MAU to fail tosend the SQE
message when it is unable to conclusively determme that more than one MAU
is transmitting.

(3) When the local MAU is transmitting on the‘ trunk coax1al medium, al
occurrences of one or more additional MAUs transmitting shall cause thg
‘SQE to be sent by the local MAU to its DTE. |

(4) When the MAU has completed each output frame it shall perform an SQHE
test sequence. Note that MAUSs associated with repeaters shall not generate the
SQE test sequence.

(5) When the MAU has inhibited the Transmit | Functlon it shall send the
SQE message in accordance with the Jabber Functjon requirements of 10.3.1.4
and Fig 10-3.

The SQE message shall be asserted less than 9 blt cells after the occurrencg
of the multiple-transmission condition is present at the Medium Dependent
Interface (MDI) and shall no longer be asserted wlthm 20 bit cells after the
indication of multiple tranismissions ceases to be present at the MDI. It is to bg
noted that an extended delay in the removal of the SQE message may ad
versely affect the a¢cess method performance. |

The physical realization of the SQE message 1sJ the CSO0 signal sent by thg
MAU to the DTE physical layers on the Control In c1rcmt
NOTE: The MAU is required to assert the SQE at the appropnaﬁe times whenever the MAU is pow-
ered and not just when the DTE physical layer is providing data output.

10.3.3 MAU State Diagrams. The state dlagranps, 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 conditioning requirements. Messages
nsed in these state diagrams are explained below: ‘

enable_driver. Activates the path employed dunﬁg normal operatlon to causd

the MAU transmitter to impress data onto the nrumk coaxial medium,

disable_driver. Deactivates the path employed durmg normal operation to
cause the MAU transmitter to impress data onto the trunk coaxial medium.

no_collision. Signifies that the condition of mult;ple transmitters simultane-
ously active on the trunk coaxial medium does not exist. v

1 |
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collision. Signifies that the condition of multiple transmitters simultane-
ously active on the trunk coaxial medium does exist.

frame_timer. Measures the time the MAU transmits on the trunk coaxial ca-
ble.

test_timer. Measures the length of the SQE Test.

unjab_timer. Measures the amount of time the MAU has been in Jab mode.

wait_timer. Measures the time between output idle and the start of the SQE
Test.

10.4 MAU-Medium Electrical Characteristics

10.4.1 MAU-to-Coaxial Cable Interface. The following subsections)describe
the interface between the MAU and the coaxial cable. Negative current is de-
fined as current into the MAU (out of the center conductor of the(cable).

10.4.1.1 Input Impedance. The shunt capacitance presented to the coaxial
cable by the MAU circuitry (not including the means of attachment to the coax-
ial cable) is recommended to be not greater than 6 pF.CThe magnitude of the
reflection from a MAU plus the cable connection spéecified in 10.6.3 shall not
be more than that produced by an 8 pF capacitance-when measured by both a 25
ns rise time and 25 ns fall time waveform. 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. ,

The shunt resistance presented to.the’ coaxial cable by the MAU circuitry
when -it is transmitting shall be greater than 7.5 kQ over the voltage range of
0Vito—-4V.12

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.

10.4.1.3 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
current flow ineach 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 carrent 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 more other MAUs
transmitting concurrently. The MAU shall, in addition, sink no more than

[+ 250-uA when the voltage on the center conductor of the cable dropsto — 10V |
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

12 Paragraph deletion is under consideration.
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current is defined as current out of the center conductor 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 1 ns.13 Figure 10-4 shbws typical waveforms pre-
sent on the cable. Harmonic content generated from the 10 MHz fundamental
periodic input shall meet the following reqmrement;s

Second and Third Harmonics: At least 20 dB l:oelow fundamental

Sixth and Seventh Harmonics: At least 40 dB below fundamental
All Higher Harmonics: At least 50 dB below fpndamental
!

The above specifications concerning harmonicé 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 additional waveshap-
ing. The signals, as generated from the encoder within PLS; shall appear on
the coaxial cable without any inversions (see Fig 10-5).

10.4.1.4 Transmit Output Levels Symmetry:Signals received from the

DO circuit must be transmitted onto the coaxial caple with the characteristicy
specified in 10.4.1.3. Since the coaxial cable préceeds in two directions from
the MAU, the current into the MAU is nominsg]ly &wme the current measured
on the coaxial cable.

The output signal of a MAU meeting this spec;ficatlon shall exhibit edge
jitter of no more than 2.5 ns into a 25+ 1% reS1stor substituted for the con-
nection to the coaxial cable when thé) DO circuit mto the MAU is driven with
pseudo-random Manchester encoded binary data from a data generator that
exhibits no more than 0.5 ns oftedge 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 shallnot introduce more thaq 2 ns of edge jitter into the

gystem. J

NOTE: Even harmonics are typically much lower.

& mA
\ L 41 +4 mA
— E— . _0mAz4mA
Fig10-4 |

Driver Current Signal Levels

13 A yelaxation of this value is under consideration. (
|
|
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fan-

IERTRT .

NOTE: (1) Voltages given are nominal, for a single transmitter.
(2) Rise 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 10-5
Coaxial Trunk Cable Signal Waveform

The MAU shall not transmit a negative goinig edge after cessation of the CD

output data stream or before the first valid edge of the next frame.

10.4.1.5 Collision Detect Thresholds.-For receive mode collision detection
the MAU shall have its collision detection’threshold set in the range —~ 1404 mV
and ~ 1581 mV. These limits take account of up to 8% collision detect filter im-
pulse response. If a specific filter: implementation has a higher value of im-
pulse response, the lower threéshold limit of — 1404 mV is required to be
replaced by 1300 mV x [1 + impulse response].

Receive mode collision detection indicates that a nontransmitting MAU has
the capability to detect collisions when two or more MAUs are transmitting si-
multaneously.

MAUSs included with repeater sets are required to implement receive mode
collision detection.

When receive ode 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 theshield at the MAU connector. The MAU designer must take into account circuit offsets, low-

frequeney noise (for example, 50 Hz, 60 Hz), and 8 MHz npple at the filter output in determining
the attual internal threshold value and its tolerance.

104.2 MAU Electrical Cl teristi

10.4.2.1 Electrical Isolation. The MAU must provide isolation between the
DTE Physical Layer circuits and the coaxial trunk cable. The isolation
impedance measured between any conductor in the DTE Physical Layer
circuitry and either the center conductor or shield of the coaxial cable shall be
greater than 250 kQ at 50 Hz, 60 Hz. In addition, the isolation impedance
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between the DTE ground and the coaxial cable sh eld shall be less than 15 Q
between 3 MHz and 30 MHz. The isolation meaan provided shall withstand
500 V ac, rms for one minute.
10.4.2.2 Power Consumption. The current draWn by the MAU shall not ex-
ceed 0.5 A if powered by the AUI source. The MAU $ha11 be capable of operating
from all permissible 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 ‘ i -
tional level under abnormal MAU load conditions.
The MAU shall be labeled externally to 1dent1fy[ the maximum value'of culr-
rent required by the device. This requirement only applies to MAUg that are
external to DTEs.
10.4.2.3 Rehablhty. The MAU shall be des1gqed to provide ‘@an’MTBF of at
least 100 000 hours of continuous operation without causing,communicatiqn
failure among other stations attached to the local network, medium. Compp-
nent failures within the MAU electronics should not impede the communich-
tion among other MAUs on the coaxial cable. Connectors and other passiye
components comprising the means of connecting the-MAU to the coaxial cabje
shall be designed to minimize the probability of total network failure.
It should be noted that a fault condition that caises a MAU to draw in exceps
of 2 mA from the coax may cause communication failure among other sth-
tions. |
10.4.3 MAU-DTE Electrical Characteristics. If the AUI is exposed, the eleg-
trical characteristics for the driver“and recelver components connected bg-
tween 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. '#‘he trunk cable is of constant
impedance, coaxial construction. It is terminated at each of the two ends by|a
terminator (see 10.6.2), and provides the transmlssmn path for connection pf
MAU devices. Coaxial cable connectors are used to make the connection from
the cable to the terminators and between cable sections. The cable has varioys
electrical and.mechanical requirements that shall be met to ensure proper
operation.
10.5.1 Coaxial Cable Electrical Parametersq The parameters spec1ﬁed in
10.5.1 are met by cable types RG 58 A/U or RG 58 C/U.
10.5.1.1 Characteristic Impedance. The laverage characteristic cable
irapedance shall be 50 = 2 Q. Periodic vanatlonsun impedance along a single
piece of cable may be up to £3 Q sinusoidal, centex*ed around the average valup,
with a period of less than 2 m.

J

i 1 t

shall not exceed 8.5 dB measured at 10 MHz, or 6.0 dB measured at 5 MHz.
10.5.1.3 Velocity of Propagation. The minimum required veloclty of prop-
agation is 0.65 c.
10.5.1.4 Edge Jitter; Entire Segment without DTEs Attached. A coax1a1 ca-
ble segment meeting this specification shall exhibit edge jitter of no more than
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8.0 ns in either direction at the receiving end when 185 m (600 ft) of the cable is
terminated at both ends with terminators meeting the impedance require-
ments of 10.6.2.1 and is driven at one end with pseudorandom Manchester en-
coded 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/ BT and whose output
meets the specifications of 10.4.1.3, except that the rise time of the signal must
be 30 ns + O -2 ns, and no oﬁ'set component in the output current is requlred

component is not to mtroduce more than 7 ns of edge jitter mto the system
10.5.1.5 Transfer Impedance. The coaxial cable medium shall provide
sufficient shielding capability to minimize its susceptability to externalioise
and also to minimize the generation of interference by the mediumcand re-
lated signals. While the cable construction is not mandated, it is neeessary-to
indicate a measure of performance expected from the cable component. A ca-
ble’s EMC performance is determined, to a large extent, by jthe transfer
impedance value of the cable.
The transfer impedance of the cable shall not exceed the values shown in
Fig 10-6 as a function of frequency.
10.5.1.6 Cable DC Loop Resistance. The sum of the center conductor resis-
tance plus the shield resistance measured at 20 °C-shall not exceed 50 mQ/m

10.5.2 Coaxial Cable Physical Parameters
10.5.2.1 Mechanical Requirements. The ¢able used should be sultable for
routing in various environments, including but not limited to, dropped ceil-
ings, 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.
10.5.2.1.2( Center Conductor. The center conductor shall be stranded,
tinned copper'with an overall diameter of 0.89 mm % 0.05 mm.
10.5:2.1.3 Dielectric Material. The dielectric may be of any type, pro-
vided that the conditions of 10.5.1.2 and 10.5.1.3 are met; however, a solid di-
electric-is preferred.
10.5.2.1.4 Shielding System. The shielding system may contain both
braid and foil elements sufficient to meet the transfer impedance of 10.5.1.5

The inside diameter of the shielding system shall be 2.95 mm % 0.15 mm.

The shielding system shall be greater than 95% coverage. The use of tinned
copper braid is recommended to meet the contact resistance and shielding
requirements.
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10.5.2.1.5 Overall Jacket

(1) Any one, of several jacket materials shall be Psed provided the specifica-

tions of 10.5.1 and 10.5.2 are met.

(2) Either of two jacket dimensions may be used\for the two broad classes of]

matérials provided the specification of 10.5.2.1.1 are met:

(a) Polyvinyl chloride (for example, PVC) or equxvalent having an OD of]

49 mm * 0.3 mm.

(b) Fluoropolymer (for example, FEP, ECTFE) or equivalent having an

L 0D of 4.8 mm =03 mm

The cable shall meet applicable flammability and smoke criteria to meet the
local and national codes for the installed envxron:gent (see 10.8.3).

Different types of cable sections (for example, polyvinyl chloride and fluo-
ropolymer dielectric) may be interconnected, while meeting the sectioning re-

quirements 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.

As a trunk coaxial cable segment consists of several cable sections, all

connectors and internal resistance of the shield and center conductor shall be
included in the loop resistance measurement.

10.6 Coaxial Trunk Cable Connectors. The trunk coaxial medium requires
termination and is partitioned into sections. Devices to be attached|/to the
medium require a means of connection to the medium. This means is pro-
vided by a BNC “T” adapter, as shown in Fig 10-7.

The BNC connectors shall be of the 50 Q constant impedanee type. High-
quality versions of these connectors (per IEC 169-8 [4]) are récommended in
order to meet dc loop resistance and reliability considerations. All of the
coaxial connectors shall follow the requirements as defined in 10.6.3.

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. potential) or other unintended
conductor.

An insulating sleeve or boot slipped over the connector at installation time
is suitable.

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. Terminators shall be
packaged within\'a male or female connector. The termination impedance
shall be 50 Q& ;1% measured from 0-20 MHz, with the magnitude of the phase
angle of the\impedance not to exceed 5°. The terminator power rating shall be
0.5 W of /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) adaptor provides a means of attaching a MAU to the coaxial cable. The

significantly; it shall present a low shunt capacitance, and therefore a
negligibly short stub length. This is facilitated by the MAU being located as
close to its cable connection as possible; the MAU and connector are normally
considered to be one assembly. Long (greater than 4 ¢cm) connections between
the coaxial cable and the input of the MAU jeopardize this objective.
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Examples of Insulated Connector Cover
Overall system performance is dependent largjely on.the MAU-to-coaxial
table connectlon being of low shunt capacitance.

tained in 10.4.1.1 and the rehablhty specified in 10 4.2.3. The use of BNC “T”
adaptors -and connectors satisfies these requlrements Figure 10-7 shows a

MAU-to-coaxial cable attachment.

INSULATING COVER

i

J

A means shall be provided to ensure that the connector assembly (that is,
BNC “T” plus male connectors) does not make contact with any building met-
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alwork (at ground potential) or any other unintended conductors. An in-
sulating cover should therefore be applied after connection. A possible design
is depicted in Fig 10-7. The insulating cover should have these charac-
teristics:
(1) It should guard against accidental grounding of the connector assembly.
(2) It should allow ease of attachment and detachment of an assembled “T”
connector to the MAU without necessitating the removal of section cable con-

niectors (that 1S, segment integrity is maintained).
(3) It should be a simple moulding that attaches firmly to a connector assems
bly.

10.7 System Considerations

10.7.1 Transmission System Model. Certain physical limits’have been
placed on the physical transmission system. These revolve mostly around
maximum cable lengths (or maximum propagation times), ag these can affect
critical time values for the CSMA/CD access method. Theése maxima, in
terms of propagation times, were derived from the physical configuration
model described here. The maximum configuration is as follows:

(1) A trunk coaxial cable, terminated in its characteristic impedance at
each end, constitutes a coax segment. A coax ségment may contain a maxi-
mum of 185 m (600 ft) of coaxial cable and a maximum of 30 MAUs. The prop-
agation velocity of the coaxial cable is assumed to be 0.65 ¢ minimum (¢ = 3
x 108 m/s). The maximum end-to-end propagation delay for a coax segment is
950 ns.

(2) Repeater sets are required for<segment interconnection. Repeater sets
occupy MAU. positions on coax gségments and count toward the maximum
number of MAUs on a coax segment. Repeater sets may be located anywhere
on a coax segment.

(3) The maximum transmission path permitted between any two MAUs is
limited by the number of répeater sets that can be connected in series (that is,
four). The maximum number of segments connected in series is therefore
five (Fig 10-8), which shall consist of no more than three tapped coax seg-
ments; the remainder shall be link segments as defined in 8.6.1.

SEG2 SEG3 SEG4
SEGH p———==== o ==woo P P SEGS5
| | | L
'—-— { i } -_.
l { |
{ | {
g | | |
g e ——
REPEATER REPEATER REPEATER REPEATER
SET 1 SET 2 SET 3 SET 4
STATION 1 STATION 2
Fig 10-8
Maximum Transmission Path
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NOTE: Care should be taken to ensure that the safety requlrements are met when extending the
trunk cable by the use of repeaters (see 10.7.2.5).

(4) The transmission system may also contain spgments comprising trunk
coaxial cable specified in Section 8; however, these shall be attached by re-
peater sets. As such a combination of segments is capable of achieving longer
lengths than (3) above, the maximum configuration then becomes limited by
propagation delay. Type 10BASE2 segments shoul not be used to bridge two

_ Type IQ0BASES segments

Flgures 10-9, 10-10, and 10-11 show transmlsswn systems of various typed
and sizes to illustrate the boundary conditions on tppologles generated aecord;
ing to the specifications in this section. |

10,72 Transmission System Requirements

10.7.2.1 Cable Sectioning. The 185 m (600 ft) maximum lefigth coaxial caf

ble segment will be made from a number of cable sections. As the variation on

cable characteristic impedance is +2 Q on 50 Q, a possible worst-case

reflection of 4% may result from the mismatch between two adjacent cablg

sections. The MAU will add to this reflection by ﬁhe introduction of its non-
infinite bridging impedance.

The accumulation of this reflection can be mlmmlzed by observing a mini
mum distance between MAUSs (and between cable sectlons) In order to main
tain reflections at an acceptable level the mmlmulTl length cable section shall
be 0.5 m:

10.7.2.2 MAU Placement. MAU components ind their associated connec
tions to the cable cause signal reflections due to| their noninfinite bridging
impedance. While this impedance must be 1mplemented as specified in 10.6
the placement of MAUs alongtthe 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. l shall be used to connect]
MAUs. This guaraniées a minimum spacing between MAUSs of 0.5 m.

The total numbér of MAUSs on a cable segment’ shall not exceed 30.

10.7.2.3 Trunk Cable System Earthing. Tfe shield conductor of each
coaxial cabléisegment may make electrical contact with an effective earth
reference! ‘at one point and shall not make electrical contact with earth else-
where on stuch 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 re-
quirement is met. A sleeve or boot attached at 1nstallat10n time is acceptable.
(See 10.6.3.)

10.7.2.4 Static Discharge Path. A static discﬂ(marge path shall be provided
The shield of the trunk coaxial cable is required t‘p be connected to each DTE
earth (within the DTE) via a 1 MQ, 025 W res1stor that has a voltage rating of
at least 750 V de.

14 See local or national regulations for guidance on these ma:tters and reference [A12].
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Fig 10-9

The Minimum System Configuration
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Fig 10-10

The Minimum System Configuration
Requiring a Repeater Set
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An Example of a Large Hybrid System

10.7.2.5 Installation Environment. This s
networks in use within a single building and with
gle low-voltage power distribution system. Applic
connections 'via external (outdoors) means may
tions.15Repeaters and nonconducting IRL com
means to satisfy these isolation requirements.
NOTE? The reader is advised that devices should not be operat

potentials. The 10BASE2 connection system may not be capabl
rents.

in an area served by a sin-

ponents may provide the

e

pecification is intended for

tions requiring interplant
require special considera-

ed at significantly different frame
of handling excessive earth cur-

10.8 Environmental Specifications

10.8.1 Safety Requirements. The designer shou
national safety regulations to assure compliance
dards (for example, see Appendix A for reference

15 See footnote 14.
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10.8.1.1 Installations. If the trunk coaxial cable is to be installed in close
proximity to electrical power cables, then installation practice according to
local and national code shall be followed (see Annex for resource material).

10.8.1.2 Earthing. Where earthing is mandated by locally or nationally
prescribed codes of practice, the shield of 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

sufficiently Jow impedance and having sufficient ampacity to prevent the
building up of voltages that may result in undue hazard to connected equips-
ment or to persons.

10.8.2 Electromagnetic Environment

10.8.2.1 Susceptibility Levels. Sources of interference from the‘eniviron-

ment. include electromagnetic fields, electrostatic discharge, transient volt-
ages between earth connections, ete.

Several sources of interference will contribute to voltage build-up between
the coaxial cable and the earth connection of a DTE.

The physical channel hardware shall meet its specifications when operat-
ing in either of the following conditions:

(1) Ambient plane wave field of 1 V/m from 10 kHz through 1 GHz.

NOTE: Levels typically >l km from broadcast stations.

(2) Interference source voltage of 15.10 V peak 10 MHz sine wave with a 50 Q
source resistance applied between the coaxial cable shield and the DTE ground
connection.

MAUSs meeting this standard should“provide adequate RF ground return
(coaxial cable shield to DTE ground) to satisfy the referenced EMC specifica-
tions.

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/local and national regulations. See references [6] and
[A12].
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11. Broadband Medium Attachment Unit and

Broadband Medium Specifications, Type IIBROAD36 - |

11.1 Scope

11.1.1 Overview. This section defines the functional, electrical, and me-
chanical 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 in Fig 11-1. Repeaters as
defined in Section 9 are not relevant for 10BROAD36.

The purpose of the MAU is to provide a means of\attaching devices to a
broadband local network medium. The medium comprises CATV-type cable,
taps, connectors, and amplifiers. A coaxial broaflband system permits the as-
signment of different frequency bands to multiple applications. For example,
a band in the spectrum can be utilized by local area networks while other
bands are used by point-to-point or multidrop links, television, or audio sig-
nals.

The physical tap is a passive directional device such that the MAU trans-
mission is directed towards the headend location (reverse direction). On a
single-cable system the transmisgion from the MAU is at a carrier 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 idenfical (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 loca-
tion. Figure 11-2 shows broadband single- and dual-cable systems.

The broadband MAU operates by accepting data from the attached Data
Termination Equipment (DTE) and transmitting a modulated radio fre-
quency, (RF) data signal in a data band on the broadband coaxial cable sys-
tem.~All MAUs attached to the cable system receive and demodulate this RF
signal and recover the DTE data. The broadband MAU emulates a baseband
MAU except for delay between transmission and reception, which is inherent

m the broadband cable system.

A transmitting MAU logically compares the beginning of the received data
with the data transmitted. Any difference between them, which may be due to
errors caused by colliding transmissions, or reception of an earlier trans-
mission from another MAU, or a bit error on the channel, is interpreted as a
collision.
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Fig 11-1
Physwal Layer Partitioning; Relationship to qhe ISO Open System
Interconnection Reference Model

When a collision is recognized, the MAU stopsi 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 bE signal is detected by all
MAUSg-and informs them that a collision has occurred All MAUs signal to
their) attached Medium Access Controllers (MACs) the presence of the colli-
sion. The transmitting MACs then begin the collision handling process.

Collision enforcement is necessary because RF cﬁata s1gnals from dlfferent

els During a colhs1on between RF data 51gna1s a dlfferent levels the MAU
with the higher received power level may see no errors in the detected data
stream. However, the MAU with the lower RF sigrﬁal will see a difference be-
tween transmitted and received data; this MAU transmits the CE signal to
force recognition of the collision by all transmitting MAUs.
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11.1.2 Definitions

Attachment Unit Interface (AUI. In a local areainetwork, the interface be-
tween the medium attachment unit and the DTE whthm a data station. Note
that the AUI carries encoded signals and provides for duplex data transmis-

sion. |
|

Binary Phase Shilt Keying (Binary PSK or'BPS@Tf—f_d_l_E‘T‘h“ OTTN 0f modulation i
which binary data are transmitted by changing the carrier phase by 180 de:

grees.

Broadband LAN. A Local Area Network in which informatlon is transmitted
on: modulated carriers, allowing coexistence of multlple simultaneous ser-
vices on a single physical medium by frequency d1V1510n multiplexing.

CATV-Type Broadband Medium. A broadband %ystem comprising coaxial
cables, taps, splitters, amplifiers; and connectors the (same as those used in

Community Antenna Television (CATV) or cable 1}jeleV1s1on installations.

:
Channel. A band of frequencies dedicated to a certain service transmitted on
the broadband medium. 1

Coax1al Cable. A two conductor, concentric (cen{;er conductor and shield),
constant impedance transmission line. ‘,
|

Continuous Wave (CW). A carrier that is not modulated or switched.

dBmV. Decibels referenced t0'1.0 mV on 75 Q, used to define signal levels in
CATV-type broadband systems,

Drop Cable. The-small diameter flexible coax1al cable of the broadband
medium that connects to a Medium Access Unit (MAU) See Trunk Cable.

Group Delay. The rate of change of total phase sh1 , with respect to frequency,
through a'component or system. Group delay variation is the maximum dif-
ference:in group delay over a band of frequencies. |

Headend. The location in a broadband system thajt serves as the root for the
branching tree comprising the physical medium; the point to which all in-
bound signals converge and the point from whlch all outbound signals em-

anate: !
. |

Jabber. A condition wherein a station transmits &or a period of time longer
than the maximum permissible packet length, usually due to a fault condi-
tion.
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Postamble. In the broadband Medium Attachment Unit specified in this sec-
tion, the bit pattern appended after the last bit of the Frame Check Sequence; the
Broadband End-of-Frame Delimiter (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 broad-
band system.

Seed. The twehty-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 distribation
as a function of frequency for a modulated transmission.

Translation. In a single-cable system, the process by which ihcoming trans-
missions 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 implementing the filtering necessary to constrain its spectrum to a
specified frequency band. -

Trunk Cable. The main (large-diameter) ¢able of a broadband coaxial cable
system. See Drop Cable,

11.1.3 MAU and Medium Objectives. This subsection states the broad objec-
tives and assumptions underlying-the specifications defined throughout this
section of the standard. :

(1) Provide the physical. means for communication among local network
Data Link Entities using.a broadband coaxial medium.,

(2) Provide a broadband Medium Attachment Unit (MAU) that is compatible
at the Attachment Unit Interface (AUI) with DTEs used on a baseband
medium.

(3) Provide a/broadband MAU that emulates the baseband MAU except for the
signal delayfrom Circuit DO to Circuit DI. :

(4) Provide a broadband MAU that detects collisions within the timing con-
straints_specified in the baseband case.

(5).Provide a broadband network diameter no less than 2800 m.

(6). Provide a broadband Physical Layer that ensures that no MAU is al-

lowed to capture the medium during a collision due to signal level advantage
i i 1 ver)

(7) Provide a broadband MAU that detects collisions in both receive and

transmit modes.
(8) Provide a broadband MAU that requires a transmission bandwidth no

wider than 18 MHz.
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(9) Define a physical interface that can be 1mplemented independently
among different manufacturers of hardware and achieve the intended level of
compatibility when interconnected in a common broadband local area net-
work.

(10) Provide a communication channel capable of high bandwidth and low
bit error rate performance. The resultant mean b1t\ error rate at the physical
layer service interface should be less than one part in 10° (on the order of one

(11) Provide a broadband medium physical layer that allows for implemen/
tation in both dual- and single-cable systems. 1

(12) Provide for ease of installation and service. {

(13) Provide a communication channel that coex1sts with other channels onl
the same physical medium.

It is not an objective of this broadband MAU to aﬂlow its use with the base;
band repeater defined in Section 9 of this standard. |

11.1.4 Compatibility Considerations, All 1mp1efnentat10ns of the broadban
coaxial system shall be compatible at the Medium Dependent Interface (MDI)
This standard provides medium specifications for/the interconnection of all
MAU devices. The medium itself, the functional capability of the MAU and
the AU Interface are defined to provide the highest possible level of compati
bility among devices designed by different ‘manufacturers. Designers are
free to implement circuitry within the MAU in an application-dependent
manner provided the MDI and AUI speclﬁcatlons are satisfied. Subsystems
based on this specification may be ‘implemented| in several different ways
provided compatibility at the medium is maintained. It is possible, for exam;
ple, to design an integrated station-where the MAU is contained within a phys;
ical DTE system component, thereby eliminating the AUI cable.

11.1.5 Relationship to PLS and AUL The broadband MAU and cable systen
specifications are closely)related to Section 7 (Physical Signaling and At/
tachment Unit Interface Specifications). The demgn of a physical MAU com-
ponent requires the.useé of both this section and the PLS and AUI specificationg
in Section 7.

11.1.6 Mode of Operation. In its normal mode\of operation, the MAU fung
tions 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 receive'd by the DTE. This mode ig
the aiode of operation for the intended message traﬁic between stations. Other
operating modes, such as a loopback mode or a mohltor mode, may be provided
biit are not defined by this standard.

~

=

— —I1.2 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 compo-
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nent contains 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 orig-
inating at the local DTE in a band-limited modulated RF carrier form, to one
or more remote DTEs on the same network. ,

(2) Receive Function. The ability to receive a modulated RF data signal in
the band of interest from the broadband coaxial medium and demodulate it

—into a serial bit stream

(3) Collision Presence Function. The ability to detect the presence of two or
more stations’ concurrent transmissions.

(4) Jabber Function. The ability of the MAU itself to interrupt the transmit
function and inhibit an abnormally long output data stream.

11.2.1.1 Transmit Function Requirements. The transmit function shall
include the capabilities shown in Fig 11-3 as follows:

(1) Receive Manchester encoded data sent by the local DTE to the attached
MAU on Circuit DO (transmit data pair).

(2) Decode the Manchester encoded data received on Cirenit DO to produce
NRZ (Non-Return to Zero) data and a recovered clock signal.

(3) Scramble the NRZ data using a CCITT V.29-typé scrambler with seed
changed on each transmitted packet.

(4) Transform the incoming bits (prior to modulation) to provide an un-
scrambled alternating zero-one pattern terminated by an Unscrambled Mode
Delimiter (UMD); scramble the remainder of the incoming preamble, Start
Frame Delimiter (SFD), and data fraie; and append an unscrambled
postamble (Broadband End of Frame Delimiter [BEOFD]).

(5) Differentially encode the packet.generated above.

(6) Produce a bandlimited, double*sideband suppressed carrier, binary PSK
modulated RF signal representing the above generated differentially encoded

packet.

(7) Drive the coaxial cable with the modulated RF signal.

Fig 11-3
Transmit Function Requirements

MANCHESTER _ FRAME _ DIFFERENTIAL
A== " bECODER - REFORMATTER - ENCODER '_l
BROADBAND
_ | caste COAXIAL
—1  MODULATOR > omver [®  caBiE
SYSTEM
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The order of the functional blocks as shown 1n Flg 11-3 may be altered
provided that the result is the same.
11.2.1.2 Receive Function Requirements, The receive function shall in-
clude the following:
(1) Receive the differentially encoded binary HSK modulated RF signal
from the broadband coaxial medium.
(2) Recelve the data band RF 51gna1s and reJect s1gnals in bands other than

is optlonal) !

(3) Demodulate and differentially decode the gncommg RF data @igna

from the coaxial medium to provide a receive bit stream that represents the
scrambled bit stream at the transmitter. i

(4) Descramble the receive bit stream using a self-synchromzmg descra
bler.

(5) Manchester encode the descrambled bit streain

(6) Send to the DTE, using Circuit DI (receive data pair);/an additional, lo
cally-generated, Manchester encoded preamble equal to\the number of pream
ble bits lost in the receive data path (plus or minus ere bit), followed by thg
Manchester encoded bit stream. No more than 6 jpreamble bits may be los
from the preamble presented to Circuit DO at thetransmitting MAU.

(7) Detect end of frame, using the postamble (BEOFD), and ensure that np
extraneous bits are sent to the DTE on CircaitDI. |

(8) Receive signals in the collision enforcement‘band and reject signals in
the data band and all other bands on the broadband medium.

11.2.1.8 Collision Detection Function Requirements. The MAU shall per|
form the following functions to meet the collision detectxon requirements

(1) Store the scrambled bitg(not dxfferentlally encoded) in the transmit
section through to the last bit\inl the source address. ‘

(2) Detect the UMD in the transmit and receive paths

(8) Compare received scrambled bits after the received UMD with transmit
ted scrambled bits after the transmit UMD through to the last bit in the sourc
address.

(4) A Receive UMD Timer function shall be pérformed by the MAU. The
timer shall be‘as long as the time requlred from 1n1t1a1 detection of RF data
signal presence to detection of a UMD in a normally received (no collision|)
packet.

(5),Enter a LOCAL COLLISION DETection state if one of the following oc
curs;

(a) Abit error is found in the bit compare procéss through the last bit in th
gsource address.

(b) The Receive UMD Timer expires before aJ UMD is detected in the re
ceived bit stream.

(¢) The MAU receives the output (that is, transmlt) signal from the AUI
AFTER having received an RF signal from the c¢ax1al cable.

w

v

01

216



https://iecnorm.com/api/?name=cdb6b51a953a7441ecbc6077649b38e3

ISO/IEC 8802-3 : 1992
CSMA/CD ANSIIEEE Std 802.3, 1992

(6) Upon entering the LOCAL COLLISION DET state, cease transmission
in the data band and commence transmission in the collision enforcement
band for as long as the DTE continues to send data to the MAU.

(7) Upon entering the LOCAL COLLISION DET state send the sig-
nal quality error (SQE) message on Circuit CI (collision presence pair) using
the CSO signal for as long as RF signals are detected on the broadband coaxial
medium in either the data or collision enforcement bands.

(8) Detect power 1n the collision enforcement band and send the SQE mes-
sage on Circuit CI using the CS0 signal. Send the SQE message for as long as
energy is detected in the collision enforcement band.

(9) Ensure that during collisions, due to phase cancellations of the collid-
ing carriers, Circuit DI does not become inactive before Circuit CI bec¢omes
active. ;

(10) Test the collision detection circuitry following every transmission
that does not encounter a collision. 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 détected, 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 dt the same power level as the
data signal postamble.

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 powerdevel in the data band.

11.2.1.4 Jabber Function Requirements. The MAU shall have a jabber

function that inhibits transmissioni;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, sig-
nal_quality_error shall'be sent on Circuit CI. ,

Circuit DO shalllalso be monitored for transmissions in excess of the max-
imum packet léngth. If the packet is longer than 20 ms, an attempt shall be
made to deactivate the transmitter before the jabber circuit is activated, to
avoid locking up the unit due to a non-MAU failure.

State diagrams defining the jabber function may be found in 11.2.3.
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11.2.2D’I‘EPLStoMAUandMAUtoDTEPLSM¢ssag‘es ,
11.2.2.1 DTE Physical Layer to MAU Physxcd,l Layer Messages. The fol-
lowing messages can be sent by the DTE Physical Layer Entities to the MAU
Physical Layer Entities (refer to 7.3 of this standaﬁd for the definitions of the
signals):

i
i

Message Circuit Signal ‘ Meaning
output DO CD1,CD0  Output information
output_idle DO , IDL ' No data to be output

11.2.2.2 MAU Physical Layer to DTE Physncth Layer Messages. The fol

lowing messages can be sent by the MAU Physmal Layer Entities to the DTE
Physical Layer Entities: |
!

Message Circuit Signal | Meaning
input DI CD1, CDO Iﬁput information
input idle DI IDL No-input information
mau_available CI IDL IAU is available for output
signal_ quality error CI CS0 (BR) rror detected by MAU

11.2.2.2.1 input Message. The X MAU Phys:cal Layer sends an inpu
message to the DTE Physical Layer when the MAU has a bit of data to send t
~ the DTE. The physical realization of the input message is a CDO or CD1 sent by
the MAU to the DTE on Circuit DE The MAU sends CDO if the input bit is a zerq
or CD1 if the input bit is a ong&> The jitter and aéymmetry on CDO and CD]
shall be no more than that spécified in 7.5.2.1, J
11.2.2.2.2 input_idle Message. The MAU Physwal Layer sends an int
put_idle message to the DTE Physical Layer when ﬁhe MAU does not have datg
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 IDI
11.2.2.2.3 mau_available Message. The MAU Physwal Layer sends a
mau_available message to the DTE Phys1ca1 Layer when the MAU is avail;
able for output. The mau_available message is alWays sent by an MAU that ig
prepared to output data. The physical reahzatlon‘ of the mau_available mes;
sage'isan IDL signal sent by the MAU to the DTE on Circuit CI.
11.2,2.2.4 szgnal_quahty error Message. The signal_quality_erro
message shall be implemented in the following fajshlon
(1) The szgnal_qualtty error (SQE) message shail not be sent by the MAU if
no or only one MAU is transmitting a legal length packet (as specified in this

S

ki

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 signal_quality error message in every instance when it
detects power in the collision enforcement band earlier than the time equiva-
lent for reception of a 512 bit data frame plus prealhble and SFD,

|
|
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(3) When the local MAU is transmitting on the coaxial medium, all occur-
rences of one or more additional MAUs transmitting shall cause the sig-
nal 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 enforce-
ment 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 described by a state diagram that relates
the functions of transmission, reception, collision detection, and collision
detection testing. Figure 11-4, at the end of this subsection, shows the state
transitions for normal operation. Abnormal conditions are implementation-
specific.

The state diagram in Fig 11-4 does not describe the operation of the MAU in
detail. 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 override those of the MAU
state machine.

11.2.3.1 MAU State Diagram Messages. The following messages are used
in the state diagram:

(1) disable_data_driver. Deactivates the mechanism by which the RF data
signal is impressed onto the coaxial cable.

(2) enable_data_driver. Activates the mechanism by which the RF data sig-
nal is impressed onto the coaxial cable.

(3) disable CE_driver. Deactivates.the mechanism by which collision en-
forcement RF signals are impressed \onto the coaxial cable.

(4) enable CE_driver. Activates the mechanism by which collision en-
forcement RF signals are impressed onto the coaxial cable.

(5) mau_available. Signifies that the MAU is available for transmission
(that is, there is no SQE active).

(8) signal_quality error (SQE). Signifies that the MAU has detected a colli-
sion, it has successfully-completed the SQE Test sequence, or the jabber circuit
is active.

(7) start SQE_test_timer. Causes a timer to begin counting so that the SQE
Test signal may be sent to the coaxial cable interface.

(8) positive disable. Prevents any RF signal from being sent onto the coax-
ial cablé,

11.2.3.2 MAU State Diagram Signal Names. The signal names used in
the-state diagram are as follows:

(I} PowerOn. This signal signifies that power has been applied to the unit.

Y _enaras Nhen his cional ic activa an RE 1N A o aanwin o

ble has been detected either in the data band or in the collision enforcement
band or in both. The delay in asserting or deasserting this signal is suffi-
ciently short that the delays specified in 11.3.4.5 are met.

(3) output. Signifies that data from the DTE is being presented for trans-
mission at the AUL

219
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PowerOn rx—energy (From next page)
IDLE rx_energy BEGIN RX
.................................... S
o disable_data_driver ™._energy e disable._data_driver
o disable_.CE_driver o disable_CE_driver
® mou_ovailable o maou_avaltoble
rx..energy * output output ced-»
output ced_window
<
o~ 1
WAIT FOR TX_.UMD ced CE DETECT
@ enable_dato_driver ced @ _énable_data_.driver
e disable_CE_driver (if output)
e mau._available e disable_.CE._.driver
e SQE
tx..umd !
WAIT FOR RX_UMD LX-UIn:— LOCAL COLLISION DEf
..................................... meou
© snable_data...driver o disable._data_.driver W
o disable_CE_.driver e enoble_CE._driver
e Mau_available (if output)
e SQE
rx-.umd
\
~ ced » ced_window (tx~f§rx) » bbbw
BIT-BY—BIT COMPARE
® enable_.data..driver
o disable_.CE_driver
©o_mau..avallable
output  (To next page)
1
, Fig 114
MAU State Diagram
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(From previous page)

\L output

GENERATE SQE TEST

edisable_data_driver
eenable_CE_driver
emau_available

estart SQE_test_timer

SQE_test timer

WAIT FOR END OF RX
edisable_data_driver
edisable _CE_driver
emau_available

rx

LOOKFOR CED
sdisable_data_driver
edisable_CE_driver
«SQE (if ced * ced_gate)

\L rx_energy
(To previous page)

Fig 11-4 (continued)
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PowerOn
NO OUTPUT
............................................ <

[reset frame_timerl

output
TIME OUTPUT output
............................................
| raollow frame_timer A
to runl

\L output # frame_timer

INTERRUPT

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

e disable_dato_driver | 1
- = tput
e disable_.CE_driver ou ?u
e SQE

Fig 11-5(a)
MAU Jabber State Diagram
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PowerOn
NO TX
[reset jab_timer]
tx_energy
V
TIME TX
............................................ tx_energy

[allow jab_timer
to runl

tx_energy * jab_timer

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

e positive_disable
® SQE

Fig 11-5(b)
MAU Jabber State Diagram (continued)

(4)tx umd (Transmit Unscrambled Mode Delimiter). When the Unscram-
> 1 1 ..‘. (aere (] . ars 1 1 (] £) ~2Ta en e . '

nal is asserted.

(5) rx_umd (Receive Unscrambled Mode Delimiter). When the Unscram-
bled Mode Delimiter has been detected in the receive data sequence as it is
conveyed from the coaxial cable interface, this signal is asserted.
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(6) SQE_test_timer. This signal is on during the time that the SQE Test
Timer is engaged. At the end of the time, this s1gnal is deasserted.

(7) rx (Receive). As long as data is belng 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. |

(8) ced (Collision Enforcement Detection). RF sagnal power in the collision

’enforcement band causes th1s signal to be asserted{

defines a period of time (a “window”) during which collisions may occur:
purpose is to distinguish collision enforcements foom SQE Test sequences ¢n
" the coaxial cable. The window opens when rx energy goes active and'closes a
minimum of 365 bit times later. The maximum time the window may be op¢n
is the minimum frame length, plus preamble and SFD: 576 bits.

(10) rxumd_timeout (Receive Unscrambled Mode Delimiter' Timeout). [It
is possible that the Receive Unscrambled Mode thmlter may be corrupted by
a collision such that the bit-by-bit comparison ‘(nay not-begin. This s1g%\al

forces detection of a collision due to failure to detect the.rx umd within a max-
imum time. The timeout begins upon receipt of RE sigrial in the data band and
expires 32 bit times later.

(11) tx_#_rx (Transmit Not Equal to Receive): Assertion of this signal de-
curs when a difference is detected between ‘the recelved data stream and the
transmitted data stream.

(12) bbbw (Bit-by-Bit Window). Bit-by-bit companson shall be performed
only for a time long enough to guarantee that the last bit of the source address
‘has been examined. This s1gnal ig,asserted after the UMD is received and
throughout the bit-by-bit comparison process. To place a bound on the locatipn
of the source address relative.to the UMD, the maximum preamble length pér-
mitted for operation with thebroadband MAU is 62 bits. This places the last it
of the source address no later than 143 bits after th‘e UMD.

(13) ced_gate. This signal is a gating function that serves to shape the tim-
ing of ced during an SQE Test. It becomes true a minimum of 6 and a maxi-
mum of 16 bit timeg after the last bit has been pre$ented to Circuit DI and stajys
active 10 £ 5 bit times.

(14) tx_energy. This signal signifies that the MAU is attempting to trans-
mit an RF.signal onto the coaxial cable. |

(15) frame_timer. This signal is on from the beginning of output until it/is
reset or until it has been on continuously for timeoutl s. The value of timeoufl
shall be greater than 20 ms and less than timeout2.

(16) jab_timer. This signal turns on when tx energy turns on and lasts
until it is reset or until it has been on continuouslfy for timeout2 s. The value [of
timeout2 shall be greater than timeoutl and less than 150 ms.

11.3 MAU Characteristics |

11.8.1 MAU to Coaxial Cable Interface. The followmg clauses describe the
interface between the MAU and the broadband coaxial medium. The medium
is a 75 Q CATV-type broadband cable installatio}n employing a single bidirec-
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tional cable with band-split amplifiers and filters, or dual unidirectional ca-
bles with line 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 75 Q. The return loss within the data and collision en-
forcement frequency bands shall be at least 14 dB with power applied to the
MAU.

11.8.1.1.2 Recei

squelch that inhibits reception of RF signals that are too low in level. This
squelch shall permit reception of RF data 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 shall be ignored.

The receive squelch for CE signals shall be derived from a power detector
with noise bandwidth greater than or equal to 1.5 MHz centered-at the CE cen-
ter frequency.

11.3.1.1.3 Receive Level Requirements. The receiver shall operate with
RF data and CE signals having levels from -4 dBmV tg-+16 dBmV rms. The
nominal receive level shall be +6 dBmV rms.

11.3.1.1.4 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 follow-
ing levels:

(1) 0dBmV rms at 0.25 MHz below and ‘above the band

(2) 10dBmV rms at 1.25 MHz below afid above the band

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 me-
chanical 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 Pransmit Output 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 applied.

11:3.1.2.2 Transmitted RF Packet Format. Figure 11-6 shows the
transmitted RF packet format. .
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11.3.1.2.8 Transmit Spectrum and Group Delay Characteristics. The
transmit RF data signal shall be binary phase-shift-keyed (PSK) modulated
and shall have a frequency spectrum equivalent to baseband raised-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

Q%Tw%; LO<=w<%(1-a)]
Eu—w<=w<%a+ﬂ
0; [w>=%(1+a)]

where T = one symbol time (100 ns for 10 Mb/§) and a = 0.4, and the first term
accounts for the sin x/x spectrum of NRZ random data.
The total variation in group delay:from Circuit DO to the RF coaxial
medium interface shall not exceed 20<hs in the frequency band from the cart
rier frequency to + 5 MHz, and 32 ns'to + 5.5 MHz, o
The collision enforcement (CE) signal shall be a constant amplitude puls
with controlled turn-on and;turn-off times. Random modulation may b
added to reduce the probability of cancellation when more than one CE sign
is received simultaneously. The modulated signal shall have an instant
neous frequency within_ 0.75 MHz of the CE bangl center frequency and sha
conform to the spectram mask specified in 11.3.1.2.4. The random modular

tion may be derived/from the transmit NRZ data stream.

A4
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Fig 11-7

Spectrum Mask for RF Data Signal

The OE signal rise and fall times shall approximate a Gaussian shape of thg
form: f

)= 4[4

g

where T = one symbol time and t < 0 for the rise tirhe and t > 0 for the fall time.
The CE and data RF signals shall not be transmitted simultaneously.
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11.3.1.2.4 Transmit Out-of-Band Spectrum. The transmitted power
outside the specified band shall meet or exceed the relative attenuation (RA)
specified below, under the following conditions:
(1) Transmitted packet length is 256 bits with a 25.6 us 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 1s the attenuation i1n decibels relative 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.

(4) B is 18 MHz, the width of data plus collision enforcement bands.

(5) MF is the measurement frequency in MHz.

(6) NCEF is the frequency of the nearest edge of the band, in MHz.

RA =min (63,55 + 30 x|(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 into av75 Q load (51 dBmV rms).
Truncation loss due to the specified data filtering is 1 dB; transmitted RF 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. .

11.3.1.2,7 Transmit Spurious Output Requirement. All spurious
signals from the transmitter (in-band and out-of-band) while not
transmitting shall belless 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.

11.3.1.2:8 Collision Enforcement Signal Leakage Requirement. The
collision enforcement RF signal leakage to the coaxial cable during data
transmisgsion 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 thestransmission mode.

11.3.1.2.9 Transmit Output Mechanical Requirements. The transmit
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 installations, the same
connector may be used for transmit and receive.
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11.3.2 MAU Frequency Allocations. The broadband MAU uses a data band
14 MHz wide and an adjacent collision enforcement band 4 MHz wide. A sin-
gle cable midsplit configuration with a frequency offset of 156.25 MHz or
192.25 MHz between forward and reverse channels is recommended. Other
configurations, including dual-cable, where forward and reverse channels
are on separate unidirectional cables, also are permitted.” The preferred pair-
ing for the usual North American 6 MHz channels is specified in Table 11.2-1

and Table 11.2-2. The tables also specily the data carrier or collision en-
forcement center frequency for each band, and for single-cable systems, the
frequency translation and the headend local oscillator frequency.

11.3.2.1 Single-Cable Systems Frequency Allocations.’ Table 11.2-1 lists
the permissible frequency band allocations for single-cable systems. The
192.25 MHz translation is recommended for all new designs. 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 sideband is used.

11.3.2.2 Dual-Cable Systems Frequency Allocations.” In nontranslated
dual-cable systems transmit and receive frequéncies are identical.
Table 11.2-2 lists the permissible frequency band ‘allocations. In some in-
stances translated dual-cable systems are installed."In such cases the single-
cable frequency allocations may be used.

Table 11.2-1
Single-Cable Frequency Allocations (Frequencies in MHz)

TRANSMITTER RECEIVER

Translation Translation

, 156.25 MHz 192.25 MHz
Data Coll Enf Transmit Headend Receive Headend Receive

Carrier Center Freg Band Local Ose Band Local Osc Band

43 52 35.756-53.76 245.75 192210 19225 228--246
49 58 41.76-569.76 257.76 198-216 192.25 234252
55 64 47.756-65.75 269.75 204-222 192.25 240-258
+61 0 63.75--71.76 281.76 210-228 19225 246-264
67 76 59.75-77.76 293.75 216234 192.25 252-270
73 .8 65.756-83.76 3056.75 222--240 192.25 258-276

NOTE: (1) Some of these optional bands are overlappmg
c f the dai ]

ole e dats
3) + denotes the preferred frequency allocatlon

* The remainder of 11.3.2 and all of 11.3.2.1 and 11.3.2.2 are not part of the pending 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 3650 50--54

49 : ] 42-56 656--60

55 64 48-62 62-66

+61 70 5468 68712

67 76 60~74 74-78

73 8 66-80 80-84
235.256 244.25 228-242 242-246
241.25 250.26 234-248 248-252
247.25 266.25 240254 254-258
+253.25 262.25 246260 260-264
259.25 268.25 252266 266270
266.25 274.25 258-272 272276

e —

NOTE: (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 AUI Electrical Characteristics
11.8.8.1 Electrical Isolation Requirements. The MAU must provide isola
tion between the AUI cable and the broadband coaxial medium. The isolation
impedance shall be greater than 250 kQ at{60 Hz, measured between any con-
ductor (including shield) of the AU Interface cable and either the center con-
ductor or shield of the coaxial cable. The isolation means provided shall bg
able to withstand 500 Vac rms for.ene minute.
The MAU power supply, if provided, shall meet the appropriate national re{
quirements. See Reference [8'for guidance.
11.3.3.2 Current Consumption. The MAU may have its own power suppl;
but is also allowed to use‘the power supplied by the DTE through the AUI cable
When drawing current from the AUI, the current shall not exceed 0.5 A a
provided by the AUT source. The MAU shall be capable of operating from al
possible voltage -sources as supplied by the DTE through the resistance of al
permissible AUI cables. The MAU shall not disrupt the broadband coaxia
medium should the DTE power source fall below the minimum operationa
level under abnormal MAU load conditions. The MAU shall be labeled exter
nally to identify the nominal value of current required by the device at th
AU
11.3.3.3 Driver and Receiver Requirements. The requirements for AU
cable driver and receiver components within the MAU are identical with thos
specified in Section 7 of thls standard The dmvers shall provide sugnals tha

t

and the receivers shall accept signals that have traversed the worst-case

lengths of AUIT cable.
11.3.3.4 AUI Mechanical Connection. The MAU shall be provided with a

15 pin male connector as specified in detail in the PLS/AUI specifications, in
7.6 of this standard.
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11.3.4 MAU Transfer Characteristics. Signals presented on Circuit DO are
transformed into signals at the coaxial cable interface by delaying them and
by reformatting them. Signals at the coaxial cable interface are transformed
into signals on Circuit DI and Circuit CI by a different framing change and
by additional delay.

11.3.4.1 AUI to Coaxial Cable Framing Characteristics. Data presented on
Circuit DO shall first be received differentially, then Manchester decoded into

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 detectlon 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.

(3) The next two bits (zero-one in the incoming pattern) shall both be set to
zero and form the Unscrambled Mode Delimiter (UMD). The UMD shall take
the place of the zero-one in the incoming 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 a CCITT V.29 scrambler plus d_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 extended to allow controlled turnoff of the
transmitted signal, as shown in Fig 11.6;

(6) All bits (unmodified preamble;-UMD; scrambled preamble, SFD, and
data; and postamble) are inverted;

Fig 11-9
Packet Format at Modulator Input

monn 0L UL [XXXRXXT

SCRAMBLED
'4—11-00 PATTERN —’Iﬁ]MD‘l"—_ PREAMBLE, —"I**POSTAMBLE—’I :
SFD AND DATA
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(7) All bits sent to the RF modulator are differentially encoded. Figure 11-9
shows the appearance of the data before and after the differential encoder.

(8) The SQE Test sequence shall be generated after a successful data
transmission by transmitting a collision enforcement RF signal with the
timing shown in Fig 11-6.

Because the preamble of the incoming data on Circuit DO is modified, it is
assumed that DTEs generate a minimum length preamble of 47 bits. The

11.84.1.1 Scrambler and D1fferent1al Encodmg Requlrements
NRZ data shall be scrambled (using a CCITT V.29-type scrambler). A ne
seed shall be used by the scrambler for every new packet presented by the DTE
to the MAU. Figure 11-10 is a diagram of a typical scrambler impleméentation,|

The scrambled NRZ data shall be differentially encoded (see Fig 11-11 for g
typical implementation).

The entire encoding process comprising the scrambling and differential
encoding is essentially equivalent to a division «f-the polynomial
representing the data to be transmitted by the following'\polynomial:

GX)=1+x1+x718 457194 x 23 4 x4

11.8.4.2 Coaxial Cable to AUI Framing‘Characteristics. The MAU sha
demodulate, differentially decode, and invert' the received RF data signal t
recover the scrambled and inverted data.stream. Clock shall be recovered an
a replica of the unfiltered and noninverted transmitted data stream shall b
created. The restored data shall be forced to a logic “one” state whenever no R
data signal is detected. This prevents false UMD detection and forces postam
ble detection when no carrier is‘present.

The framing information contained in the RF data stream shall be used t
reconstruct the received data so that no more than 6 bits are lost and no mor
than one bit added to the-preamble field, and no bits are added to or lost fro
the end of the transmit data. Detection of the UMD in the receive data shal
initiate, after a fized delay, a locally generated preamble sequence of zero-on
pattern. This pattern “fills in” the preamble bits altered due to the framing in
formation atSthe beginning of the packet: the zero-one synchronization an
clock recovery sequence, the UMD, and the descrambler synchronization se
quence,

The “MAU shall descramble the received data using a self-synchronizin,
(CCITT V.29-type) descrambler. No prior knowledge of the seed used by th
secrambler shall be assumed by the descrambler circuit. The descramble
shall have valid output no later than 23 bit intervals after the UMD is detecte
by the receiver. An example of a descrambler is shown in Fig 11-12. The dif-
ferential decoding performed by the demodulator and the descrambling func-
tion are essentially equivalent to multiplying the received polynomial by G(x)
as defined in the scrambling and differential encoding requirements subsec-
tion above.
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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 AUIL The delay
from the detection of the UMD to the beginning of the locally generated zero-
one pattern 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 Circuit DI.

The MAU shall detect the “zero” followed by 22 “ones” (the postamble

pattern) and, 1n conjunction with the loss ol 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.

The SQE Test signal shall be detected on the RF interface and thé SQE
signal shall be presented to Circuit CI of the transmitting MAU, subject to the
timing restrictions of 11.3.4.5.4. If the signal is not observed,at the RF
interface due to failure of any element in the transmitter or réceiver, no SQE
signal may be presented to the AUI In the event of a collision enforcement,
energy will appear in the collision enforcement band within the ced_window
time after energy first appears in the data band. Circdit)CI shall be asserted
when collision enforcement is first detected and shall continue to be active
until after the RF signal on the RF port has subsided. Note that an SQE Test
signal appended to a packet whose length is léss'than the ced_window time
(less than the minimum allowed packet length) will be indistinguishable
from a collision enforcement, except, by the MAU transmitting. The
transmitting MAU shall take this into account and shall not interpret energy
in the collision enforcement band tocbe a collision when the length of the
transmitted packet is less than the ced_window time and the SQE Test
sequence has been transmitted:,"See the discussion in 11.4.2 for more
information on ced_window.

11.3.4.3 Circuit DO to Circuit DI Framing Characteristics. In the absence
of a collision, the packet format. of the receive data at the AUI is identical 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 presence of a
collision, the receive data is undefined, but shall still be properly Manchester
encoded.
11.3.4.4 AUI to Coaxial Cable Delay Characteristics. The timing and
delays assogiated with the transmitter of the MAU are identified below. To
ensure_compatibility with all MAUs the delays identified below cannot be
exceeded nor traded off with other delays in the system.
11.3.4.4.1 Circuit DO to RF Data Signal Delay. The delay from a
trans1t10n on Clrcult DO at the end of a bit to the correspondlng phase change of

ex1st) shall be no more than 24 blt tlmes The delay from the ﬁrst transmon on
Circuit DO to the first appearance of RF energy, however, is not specified
except as it is determined by other timing constraints.
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11.3.4.4.2 Circuit DO to CE RF Output Delay. In the event that the MAU
begins receiving 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 82 bit times maximum.

11.3.4.4.3 Transmit Postamble to SQE Test Signal Delay. The delay

Frame Delimiter) measured at the RF port to the 50% point 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 bg
30 + 1 bit times as measured at the 50% points of the RF signal.

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. Whew 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 @n-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 thescrambler disabled.

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 exceed 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 interface (in both
data channel and collision enforcement channel) ceases. See Fig 11-14 and
Fig 11-15.

11.3.4.5.8 Collision Enforcement to Circuit CI Delay. In the event of a
collision enforeement by another MAU, the delay from the 50% point on the
rising edge,of the RF collision enforcement signal to the first transition of|
Circuit Gl shall be no more than 31 bit times. Circuit CI shall be active for a
minimium of 5 bit times and shall become inactive within 31 bit times of the
cessation of activity on the RF coaxial cable interface, as shown in Fig 11-15.
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RF COLLISION
ENFORCEMENT
CHANNEL

CIRCUIT Ci

NOTE: ALL TIMES'IN BITS

Fig 11-15
Collision Timing Diagram (Coaxial Cable Interface to AUI Circuit CD)

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
successful 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.

11.8.4.6 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<f 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.

for Circuit CI during the SQE Test sequence shall be the same as it is for nor-
mal 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 trans-
mitted 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.
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11.8.4.7 Interpacket Gap Requirement. The MAU shall be able and ready
to transmit data presented 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 AUIL,

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 short to have
negligible delay and transmission impairments). It shall have this BER for

-28.3 dBmV rms/14 MHz white Gaussian noise. This represents a 24.3 dB sig-
nal-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-noise ratio is required.

The MAU shall meet the BER requirements specified above when'receiving
strings of up to 33 consecutive identical bits.

11.3.5 Reliability. Component failures within the MAU(electronics should
not impede communication among other MAUs on the'droadband 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. The MAU shall be designed to provide an
MTBF of at least 1 000 000 hours without causing communication failure
among other stations attached to the broadband‘local network medium.

11.4 System Considerations

" 11.4.1 Delay Budget and Network Diameter. The delay budget for the broad-
band MAU and rest of the Physical Layer is tabulated in Table 11.4-1. This
table includes allocations for trunk ‘cables (the backbone cables in the system),
drop cables (a length of 25 m ig;assumed), etc. The velocities of propagation as-
sumed are included in the table; use of other types of cables will alter the sys-
tem diameter accordingly.(The types of cables, including the mix of drop and
trunk cable lengths, canlbe altered as long as the total propagation delay from
the most distant MAU to the headend does not exceed 70 bit times. The total de-
lay 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 single-cable systems, the headend translator de-
lay reduces the maximum trunk cable distance by [D/(2 x CV)], where D is the
delayin nanoseconds, and CV is the cable velocity in nanoseconds per meter.
For.3.83 ns/m velocity trunk cable, this reduction is [Delay (ns) / 7.661 m.

11.4.2 MAU Operation With Packets Shorter than 512 Bits. The MAU
transmlts an SQE Test sequence onto the RF medlum after every transmltted

length a receiving MAU cannot d1st1ngulsh the SQE Test signal from a colh-
sion enforcement signal due to a collision. Therefore, operation of the MAU
with data frames aborter than 512 bits may cause all other receiving MAUSs to
see a collision. The transmitting MAU, however, recognizes the SQE Test be-
cause that MAU was the one that transmitted the test. An MAU transmitting a
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Table 11.4-1
Broadband Dual-Cable Systems—Physical Layer Delay Budget
Delay Element Maximum Allowed Value (bits)

DTE1 starts to put out first bit 0.00
First bit from DTE1 at AUL 3.00
AUI Cable (50 m at 5.13 ns/m) 2.57
Cireuit DO to Ts RE 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 (1800 m at 3.83 ns/m) 68.95
Rx Drop Cable (25 m at 4.27 ns/m) 1.05
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 error to collision

enforcement out) 34.00
Tx Drop Cable (256 m at 4.27 ns/m) : 1.06
Tx Trunk Cable (1800 m at 3.83 ns/m) 68.95
Rx Trunk Cable (1800 m at 3.83 ns/m) 6895
Rx Drop Cable (25 m at 4.27 ns/m) 1.06
Rx Collision Enforcement to Circuit CI 31.00
AUI Cable (60 m at 5.13 ns/m) 2.57
DTE1 Detects Collision Presence 3.00
DTE1 Jams Channel 32.00
Allowance for Taps, Splitters, Amplifiers, and

Margin 3.86

Total 576.00
—

short packet that encounters a collision can distinguish the resulting collision
enforcement from an SQE Test signal by the fact that the transmitting MAU
will not have transmitted the SQE Test sequence unless the packet is shorter
than the round trip delay on“the cable plant. In the latter instance, the trans-
mitting MAU may not detect a collision enforcement.

11.5 Characteristies of the Coaxial Cable System. The cable system upon which
the broadband MAU operates shall meet the following electrical and mechani-
cal requirements.

11.5.1 Eléctrical Requirements. The electrical requirements of the cable
system are listed in Table 11.5-1. Each parameter is applicable over the fre-
quency range to be used by the broadband MAU.

Adjacent channel signal levels shall be consistent with the requirements of
11.31.1.4. :

11.5.2 Mechanical Requirements. The connection of the cable system to the
broadband MAU is via a standard F-series screw-on male connector. For the

other for receive.
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Table 11.5-1
Cable System Electrical Requirements

B e e

Impedance BQ

Return Loss 14 dB min

Transmit Level +50 dBmV+2dB

Receive Level +6 dBmV £ 10 dB

Maximum Receive Noise Level -30 dBmV/14 MHz
Tertt ) 2dBmax

Path Loss (between any transmit port and 36 dB min, 52 dB max

receive port, including loss variation)

Group Delay Variation
—around data carrier frequency © 20 ng/10 MHz max
—over 18 MHz band 34 ns max

*Not including headend.

11.5.3 Delay Requirements. The maximum length of the cable system is
constrained by the allowable round trip delay from the farthest transmitting
MAU to the farthest receiving MAU. Table 11.4-1 allows 140 bit times round
trip delay in the cable system. For trunk cable propagation velocity of 3.83
ns/m, this allows 3600 m of trunk cable (round tfip; 1800 m from the farthest
point to the headend), and 25 m of 4.27 ns/m yvélocity drop cable at each MAU.
In addition, 50 m of AUI cable is allowed on each MAU, therefore allowing, in
this case, a maximum of 3750 m DTE to DTE separation. These lengths will be
different if cables of different propagation velocity are used. This is accept-
able so long as the maximum delay is(hot exceeded.

For single-cable systems, the maximum delay of 140 bit times includes the
delay through the headend. Thé’maximum cable system length must be re-
duced appropriately, as described in 11.4.1,

11.6 Frequency Translator Requirements for the Single-Cable Version

11.6.1 Electrical Requirements. The headend frequency translator perfor-
mance is included in the cable system characteristics specified in 11.5, except
as defined in Table 11.6-1.

Table 11.68-1
Frequency Translator Requirements

- ]

" Group Delay Variation

—around data carrier frequency ‘ 20 ns/10 MHz max
—between data carrier and CE center
frequency 50 ns max

Amplitude Variation (from 6 MHz below
the input data carrier frequency to 1 MHz
above the CE center frequency) ; 2 dB max

Translation Frequency per Table 11.3-1
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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.

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,

117 Environmental Specifications

11.7.1 Safety Requirements. This clause sets forth a number of recommen
dations and guidelines related to safety concerns. This list is neither com
plete nor does it address all possible safety issues. The designer is urged t:
consult the relevant local, national, and international safety regulations t
assure compliance with the appropriate standards.

Local area network cable systems, as described in this section, are subject tp
at least four direct electrical safety hazards during their use, and designers of
connecting equipment should be aware of these hazards. The hazards are ap
follows:

(1) Direct contact between local network components and power or lightin
circuits

(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 sgdfety grounds to which various network
components are connected

These electrical safety hazards, to which all similar cabling systems ar
subject, should be alleviated for'a local network to perform properly. In addi-
tion to provisions for properly handling these faults in an operational system
special measures shall betaken to ensure that the intended safety features ar
not negated when attaching or detaching equipment from the local area net]
work medium of an.éxisting network.

Sound installation practice, as defined in applicable national and loci
codes and regulations, shall be followed in every instance in which suc
practice is applicable.

11.7.2 Electromagnetic Environment

11.7.2.1 Susceptibility Levels. Sources of interference from the environ
ment)include electromagnetic fields, electrostatic discharge, transient volt:
ages)between earth connections, ete.

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

A

L

<

LI

Ve

(2) 5 V/m from 30 MHz through 1 GHz
MAUSs meeting this section should provide adequate RF ground return to
satisfy the EMC specification. '
11.7.2.2 Emission Levels. The physical MAU hardware shall comply with
the applicable national and local regulations for emission levels.
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11.7.3 Temperature and Humidity. The MAU and associated cable system
are expected to operate over a reasonable range of environmental conditions
related to temperature, humidity, and physical handling such as shock and
vibration. Specific requirements and values for these parameters are consid-
ered to be beyond the scope of this standard.
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12. Physical Signaling, Medium Attachment, and
Raschand Medium Specifications, Type 1BASES

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 higher-level’hub if one
exists; otherwise the hub broadcasts the packet back downdo all DTEs and
lower-level hubs. Packets received by a hub from a higher-level hub are
retransmitted to all attached DTEs and lower-level hubs: Iftwo or more DTEs
or lower-level hubs transmit concurrently, the hub generates a collision-
presence signal that the DTEs detect as a collision. Hubs between a
transmitting DTE and the header (highest level)<hub propagate data or the
collision-presence signal to the header hub; this’hub in turn broadcasts the
packet or collision signal to all DTEs and lower-level hubs.

12.1.2 Scope. The 1BASE5 specification builds upon the first six major
sections of this standard; the remaining Gnajor sections (other than this one, of
course) do not apply to 1BASE5. That'is, the Media Access Control (MAC) and
Physical Signaling (PLS) Service Specifications are used in common with the
other implementations of this standard, but the Physical Medium Attachment
(PMA) sublayer, transmissionymedium, and hub functions for Type 1BASE5
are specified in this section. The relationship of the 1BASE5 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. Thetime 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 appropriate 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 ongoeing activity of a data station to
detect whether another station is transmitting. Note that the signal provided by
the PLS to the PMA sublayer indicates that one or more DTEs are currently
transmitting.
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Clocked Data One (CD1). A Manchester encoded data “1.” A CD1 is encoded as
a LO for the first half of the bit cell and a HI for the second half of the bit cell.

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.

Clocked Violation HI (CVH). A symbol that deliberately violates Manchester

encoding rules, used as part of the Collision Presence signal. A Cvh 1s
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 céll; LO for the
entire bit cell, and a transition from LO to HI at the end of the bit eell.

collision. A condition that results from concurrent transmissions on the
physical medium, '

Collision Presence (CP). The non-Manchester/signal generated by hubs to
report collisions and some error conditions. See(12.3.2.4.3 for details.

header hub (HH). The highest-level hubtin a hierarchy of hubs. The HH
broadcasts signals transmitted to it by lower-level hubs or DTEs, such that
they can be received by all DTEs that:may be connected to it, either directly or
through intermediate hubs. See 12.2:1 for 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 cendition where no transition occurs on the transmission
line. It is used to defirie the time between packets. See 12.3.2.4.4 for details.

intermediaté hub (IH). A hub that occupies any level below the header hubin a
hierarchy of hubs. See 12.2.1 for details.

Jabber Function. A mechanism for controlling abnormally long
transmissions.

ial link (SL). A I R 1 R L med

See 12.8 for details.
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12.1.4 General Characteristics. Type 1BASE5 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

gates them to a higher-level hub if one exists; otherwise, the hub broadcasts-the
signals back down to the DTEs and lower-level hubs

(6) When a hub receives signals concurrently from two or more-DTEs oy
lower-level hubs, it generates a unique collision presence signal,and dis
tributes it as in (5) above

. (7) DTE-to-hub and hub-te-hub interfaces are electrically disolated at both

ends ,

(8) Up to five hub levels are allowed

(9) Hubs serve as repeaters

(10) Maximum DTE-to-hub and hub-to-hub distance is approx1mately 25(
m for telephone wiring (cable-type dependent; see‘12:7)

(11) Special links may be used to extend some DTE-to-hub or hub-to-huk
distances to 4 km

12.1.5 Compatlblhty. This specification calls out one principall
compatibility interface, namely PMA-to:Medium. It is intended that different
implementations of DTEs and hubs. be able to interoperate in 1BASEj
networks.

12.1.6 Objectives of Type 1BASES Specification

(1) Provide for low-cost networks, as related to both equipment and cabling

(2) Make it possible to use telephone-type building wiring, and in particulax
spare wiring when available :

(3) Provide for easy-installability, reconfigurability, and service

(4) Ensure interconnectability of independently developed DTEs and hubs

(5) Ensure fairness of DTE access v ‘

(8) Provide ‘a_communication channel with a resultant mean bit error rate
at the physical layer service interface, 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 Major Concepts. Type 1BASES5 is a 1 Mb/s CSMA/CD network. DTE$

are connected to hubs (and hubs to other hubs) by point-to-point wiring, result-

ing in a star topology network Data transm1ss1ons are Manchester encoded

each DTE is connected to the hub via separate transmlt and receive channels
(normally two twisted pairs). The hub serves as the point of concentration and
performs two major functions: signal regeneration/retiming (repeating) and
collision detection. When only one DTE transmits, the hub repeats the sig-
nals, compensating for amplitude and phase distortion, and broadcasts to all
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Fig 12-2
Single Hub Network

DTEs. When a hub detects two or more DTEs transmitting.concurrently, the
hub génerates a unique Collision Presence (CP) signal, which it broadcasts
instead of the originally transmitted signals. The hub ©ontinues 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 t6 /a‘given hub; this is an imple-
mentation or installation detail.

Up to five levels of hubs may be cascaded.”A two-level configuration is illus-
trated in Fig 12-3, with a header 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 thejevent of a collision. The HH repeats the signals
it receives from DTEs or IHs back down to all DTEs and IHs. The HH gener-
ates CP if more than oné of its inputs becomes active. The IHs repeat the sig-
nals received from the HH, and broadcast to all the connected DTEs’
receivers. Hubs downot distinguish whether input signals along the upward
path emanate fromDTEs 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 gen-
erates 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 connec-
tion-upward and one connection downward). Other than having one link in
and-one link out, repeaters are identical to other hubs. Special links are con-
nections, possibly containing active devices, that are used for situations |
requiring extra propagation delay or special transmission media.

12.2.2 Application Perspective. The primary application area for type
1BASES is expected to be in office environments for networking DTEs such as
personal computers or other workstations. In many cases, spare wiring
contained in existing telephone wire bundles will be used.
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"HEADER HUB

LI

DTEs \

INTERMEDIATE INTERMEDIATE
HUB | HUB
DTEs DTEs

123

Network With Two Levels of Hubs
12.2.3 Packet Structure. Packets are transmitted from the PLS to the PMA as
follows:
<silence> <preambles <sfd> <data> <etd> <silence>
The packet elemiénts shall have the following characteristics:

<silénce> No transitions
<preamble> Alternating CD1 and CDO for 256 bit times (ending in CDO0)

<sfd> CD1CD0 D1 CD0CD1CD0CD1CD1
<data> 8 x N instances of CDO or CD1
<etd> First part of IDL |
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Fig 124
Network With Four Levels of Hubs

12.2.3.1 Silence. The <silence> delimiter provides an observation win-
dow for an unspecified period of time during which no transitions occur. The
minimum duration of <etd> followed by <silence> is the interFrameGap de-
fined in 4.4.2.2.
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12.2.3.2 Preamble. The <preamble> delimiter begins a packet transmis-
sion and provides a signal for receiver synchronization. The signal shall be
an alternating pattérn 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 requlred to supply at least 56 blts of preamble in order to satlsfy

perform theu' functlons. The number of preamble blts sourced ensures an(ad-
equate number of bits are provided to each system component to correctly-im-
plement its function.

12.2.3.3 Start-of-Frame Delimiter. The <sfd> indicates the start of p
frame, and follows the preamble.

12.2.8.4 Data. The <data> in a transmission shall be in multiples of eight
(8) encoded data bits (CD0s and CD1s).

12.2.3.5 End-of-Transmission Delimiter. The <etd> indicates the end qf
a transmission and serves to turn off the transmitter-~The signal shall be thg
first part of an IDL.

12.3 DTE Physical Signaling (PLS) Specification

12.3.1 Overview. This section defines logical characterlstlcs of the DT
PLS sublayer for IBASE5. The relationship-of this specification to the entir
standard is shown in Fig 12-5. The sublayer and its relationship to the MA(
and PMA sublayers are described inc'an abstract way and do not imply an]
particular implementation.

12.3.1.1 Summary of Major Concepts

(1) There are two channels-between the PLS and PMA sublayers. Outpujt
data are passed through the output channel and input data and control (CP) ar.
passed through the input-channel.

(2) Each direction of data transfer through the PLS operates independently
and simultaneously.(that is, the PLS is full duplex).

12.3.1.2 Application Perspective. The DTE PLS sublayer performs the fof

lowing functions:

(1) Encodes OUTPUT_UNITs from the MAC sublayer into a Manchester
encoded waveform that it sends to the PMA sublayer output circuit

(2) Decodes a Manchester encoded waveform from the PMA sublayer inpu
circtit-into INPUT_UNITS, CARRIER STATUS, and SIGNAL_STATUS

12.8.2 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 betwee
this sublayer and the MAC sublayer. These terms are defined in the servicI

NIRRT R A

N v

o

specification for the PLS sublayer (see 6.3).
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Fig 12-5
Station Physical Signaling Relationship to
the OSI Reference Model and

the IEEE 802.3 CSMA/CD LAN Model
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