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International Standard ISO/IEC 8802-3 : 1993
ANSI/IEEE Std 802.3, 1993 Edition

(This edition contains ANSI/IEEE Std 802.3-1988,

ANSI/IEEE Std 802.3¢-1985, ANSI/IEEE Std 802.3d-1987,
ANSVIEEE Std 802.3b-1985, ANSI/IEEE Std 802.3e-1987,
ANSUIEEE Std 802.3h-1990, ANSI/IEEE Std 802.3i-1990, and
corrections resulting from Maintenance Ballot #1)

Local and metropolitan area networks—

| Part 3:

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

Sponsor

Technical Committee on Computer Communications
of the
IEEE Computer Society

Abstract: This Local and Metropolitan Area-Network standard, ISO/IEC 8802-3 : 1993 [ANSI/IEER Std

802.3,
with C

1993 Edition], specifies the media-access control characteristics for the Carrier Sense Multiple Access
bllision Detection (CSMA/CD) access method. It also specifies the media, Medium Attachment|Unit

(MAU)| and physical layer repeater umit for 10 Mb/s baseband and broadband systems, and it provifles a

1 Mb/s

baseband implementation| Specifications for MAU types 10BASES5, 10BASE2, FOIRL (fiber optjic in-

ter-re];rater link), 10BROAD36, 1BASES5, and 10BASE-T are included. System considerations for multiseg-

ment

0 Mb/s baseband networks are provided. Layer and sublayer interface specifications are aligned to

the ISQ) Open Systems Interconnection Basic Reference Model and 8802 models. The 8802-3 internal model
is defirled and used.

Keyw:
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International Standard ISO/IEC 8802-3 : 1993

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

In the field of information technology, ISO and IEC have established a joint technical com-
mittee ISO/IEC JTC 1. Draft International Standards adopted by the joint technical commit-

requires approval by at least 75% of the national bodles casting a vote.
In 1985, IEEE Standard 802.3-1985 was adopted by ISO Technical Committee 97, Informna-
tion processing systems, as draft International Standard ISO/DIS 8802-3. Following the prpce-
_dures described above, the Standard was subsequently approved by ISO and published as ]SO
8802-3 : 1989, incorporating ISO 8802-3/DAD 1 which had resulted from the adoption by 1SO
in 1987 of ANSI/IEEE Std 802.3a.
A further revision was subsequently approved by ISO/IEC JTC X in’ 1990, incorporating
ISO/IEC 8802-3/Amendments 2 and 5.
A third edition, published in 1992, incorporated ISO/IEC 8802-3/Amendments 3 and 4.
This fourth edition cancels and replaces ISO/IEC 8802-3 ;1992 and incorporates ISO/IEC
8802-3/Amendment 6, Maintenance Ballot; Amendment 7, Layer management; and Amend-
ment 9, System considerations for multisegment 10 MbJ$s baseband networks and Twisted-
pair medium attachment unit (MAU) and baseband medzum, type I0BASE-T. These amend-
ments were approved in 1992.
For the purpose of assigning organizationally unique identifiers, the Institute of Electrjcal
and Electronics Engineers, Inc., USA, has been’designated by the ISO Council as the Regis-
tration Authority. Communications on this subject should be addressed to

Registration Authority for ISO/IEC 8802-3

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

P.O. Box 1331

Piscataway, NJ 088551331

USA

During the preparation of this International Standard, information was gathered on pat-
ents upon which(application of this standard might depend. Relevant patents were identified
as belonging t0Xerox Corporation. However, ISO and IEC cannot give authoritative or cpm-
prehensive-information about evidence, validity or scope of patent and like rights. The patent-
holder has'stated that licenses will be granted under reasonable terms and conditions and
communications on this subject should be addressed to

Xerox Corporation
P.O. Box 1600

4

USA

- PGS
IEC

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

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

8802-2 D

LAYER

8802-3 8802-4 8802-5 8802-7 - LINK
LAYER

This family of standards deals with the Physical and Data Link layers as defined by the TSO Open [Sys-
tems Interconnection Basic Reference Model (ISO 7498 : 1984). The access standards)define four types of
medium access technologies and associated physical media, each appropriate for particular applications or

. system jobjectives. Other types are under investigation.

The standards defining these technologies are as follows:

(1) 1SO/IEC 8802-3 [ANSI/IEEE Std 802.3, 1993 Edition], a bus utilizing CSMA/CD as the adcess

ethod,
(2) ISO/IEC 8802-4 [ANSI/IEEE Std 802.4-1990], a bus utilizingtoken passing as the access methdd,
(3) 1SO/IEC 8802-5 [ANSI/IEEE Std 802.5-1992], a ring utilizing token passing as the access methpd,
(4) IS0 8802-7, a ring utilizing slotted ring as the access method.

IS0 8802-2 [ANSI/IEEE Std 802.2-1989], Logical Link.Control protocol, is used in conjunction with the
medium access standards. -

ISO/TIEC 10038 [ANSI/IEEE Std 802.1D, 1993 Edition], Media access control (MAC) bridges, specifies an
archite¢ture and protocol for the interconnection of IEEE 802 LANs below the MAC service boundary.

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 and ANSI/IEEE Std 802.3 1an—
dards. ISO/IEC and IEEE each have unique foreword sections. The Annex applies to the IEEE standlard
only. The Appendixes serve as useful reference material to both standards.
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ANSVIEEE Std 802.3, 1993 Edition

IEEE Standards documents are developed within the Technical Committees of the IEEE
Societies and the Standards Coordinating Committees of the IEEE Standards Board. Mem-
bers of the committees serve voluntarily and without compensation. They are not necessarily
members of the Institute. The standards developed within IEEE represent a consensus of the
broad expertise on the subject within the Institute as well as those activities outside of IEEE
which have expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not
imply that there are no other ways to produce, test, measure, purchase, market, or provide
other goods and serv1ces related to the scope of the IEEE Standard Furthermore, the view-

wholly reflect the present state of the art. Users are cautioned to check to detérmine that they
have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any intérested party, regard-
less of membership affiliation with IEEE. Suggestions for changes in documents should be|in
the form of a proposed change of text, together with appropriaté supporting comments.

Interpretations: Occasionally questions may arise regarding-the meaning of portions|of
standards as they relate to specific applications. When the neéd for interpretations is brought
to the attention of IEEE, the Institute will initiate actionto-prepare appropriate responses.
Since IEEE Standards represent a consensus of all coficerned interests, it is important|to
ensure that any interpretation has also received the concurrence of a balance of interests. Hor
this reason IEEE and the members of its technical.eommittees are not able to provide an
instant response to interpretation requests except in those cases where the matter has preyi-
ously 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 dofuments are adopted by the Institute of Electrical and Electronics
Engineers without regard to whether their adoption may involve patents on articles, ma-
terials, or processes:-Such adoptions does not assume any liability to any patent owner, nor
does it assume any obligation whatever to parties adopting the standards documents.
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Foreword to ANSI/IEEE Std 802.3, 1993 Edition

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

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

IEEE standard numbers.)
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* Formerly IEEE Std 802.1A.

This ffamily of standards deals with the Physical and Data Link layers as defined by the Internat
Organikation for Standardization (ISO) Open Systems Intetconnection Basic Reference Model
7498 : 1984). The access standards define several types of medium access technologies and associated
ical meflia, each appropriate for particular applications or system objectives. Other types are under iny

gation.

The gtandards defining these technologies are as follows:

o IEEH Std 802:

e JEEE Std 802.1B:

*ISO/MEC 10038 : 1993
[ANSI/IEEE Std 802.1B]

* [EEE|(Std 802.1E:

tems on IEEE 802 LANS.

Overview and Architecture. This standard provides an over
to the family of IEEE 802 standards. This document forms
of the 802.1 scope of work.

LAN/MAN Management. Defines an Open System Intercor
tion (OSI) management-compatible architecture, and ser
and protocol elements for use in a LAN/MAN environment for
performing remote management.

onal
ISO
hys-
esti-

view
part

nec-
Vices

MAC Bmdgmg Specifies an architecture and protocol for the in-
terconnection of IEEE 802 LANs below the MAC ses
boundary.

rvice

System Load Protocol. Specifies a set of services and protocgl for
those aspects of management concerned with the loading of]

sys-

¢ ISO 8802-2 [ANSVIEEE Std 802.2]:

Logical Link Control

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

"The 802 Architecture and Overview Specification, originally known as IEEE Std 802.1A, has been renumbered as IEEE Std 802, This
has been done to accommodate recognition of the base standard in a family of standards. References to IEEE Std 802.1A should be

considered as references to IEEE Std 802,


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

* ISO/IEC 8802-4 [ANSIIEEE Std 802.4]): Token Bus Access Method and Physical Layer Specifications

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

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

Secure Data Exchange (SDE) o

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

¢ IEEE Std 802.7: IEEE Recommended Practice for Broadband Tlocal Area
‘Networks

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

Conformance Test Methodology

Another standards series, identified by the number 1802, has been established to identify the conform-
ce test methodology documents for the 802 family of standards. This makes the correspondente between
the various 802 standards and their applicable conformance test requirements readily apparent. Thus the
cpnformance test documents for 802.3 are numbered 1802.3, the conformance test documents fort 802.5 will
1802.5, and so on. Similarly, ISO will use 18802 to number conformance test standards for 8802

standards.

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

This edition of the standard defines 10 Mb/s baseband and broadband implementations and a 1 Mb/s
bpseband implementation of the Physical Layér using the CSMA/CD access method. It is anticibated that
fyture editions of the standard may provide additional implementations of the physical layer fo support
different needs (for example, media, and data rates).

This standard contains state-of-the-art material. The area covered by this standard is undergging evolu-
tion. Revisions are anticipated to this standard within the next few years to clarify existing material, to
cgrrect possible errors, 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 embodikd in this
pndard are based largely upon the CSMA/CD access method earlier described in The Ethernet, specifica-

as-wri jointly by individuals-from-Xere Corporation.Digital-Bguipme Corporation; and Intel
Corporation. Appreciation is also expressed to Robert M. Metcalfe and David R. Boggs for their pioneering
work in establishing the original concepts.

o YA an 0



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

Participants

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

Donald C. Loughry, Chair
Phil L. Arst Donald E. Kotas Robert S. Printis
Robert F. Bridge William P. Lidinsky Gary S. Robinson
Charles Brill Laurie Lindsey Robert Rosenthal
G. J. Clancy William D. Livingston Gary Stephens
John Davidson Andy Luque Daniel P. Stokesberry
Ralph-DeMent Daniel Maltbie Kon—F-Sumner———
Hank (H. N.) Dorris Jerry McDowell Daniel Sze

Judith Estrin
ichard Fabbri

The

of this gtandard.

C. Kenneth Miller
Robert L. Morrell

Victor J. Tarassov
P. E. Wainwright

Ipgrid Fromm Wendell Nakamine Lyle Weiman
ilton C. Harper W. P. Neblett Hugh E. White
ryan Hoover James Nelson Choa-Ping Wu
eorge D. Jelatis Thomas L. Phinney Nick Zades
arold W. Katz David Potter Mo R. Zonoun

itional individuals who contributed actively in the development of the origihal standard (ANSI/I
.3-1985) throughout its elaboration were

an Bulnes Dean Lindsay Mark Townsend
on Crane Then. T. Liu Roger Van Brunt
ane Elliot Robert Moles Bo Vicklund
lan Flatman Tony Lauck Chris Wargo
aris Graube Joseph St. Amand Richard Williams
uy Harkins Richard Seifert Ron Yara
Nathan Tobol

EEE

CMA TC24 Committee on Communication Protocols‘also provided helpful input in the development

the IEEE 802.3 Working Group approved ANSIIEEE Std 802.3a-1988 (Section 10) in November

it had the following membership:

Donald C. Loughry, Chair
Alan Flatman, Chair, T'ype 10BASE2 Task Force

enachem Abraham Guy Harkins Joseph Rickert
. V. Balakrishnan Greg Hopkins Gary Robinson
illiam Belknap Joe Kennedy Robert Rosenthal
harles Brill Hiroshi Kobayashi Joseph St. Amand
Jjzan Bulnes Tony Lauck Walter Schreuer
ephen Cooper William Livingston Stephen Soto
onald Crane Hugh Logan Gary Spencer
Jphn Davidson Leland Long Robert Summers
ark Devon Andy Luque " Pat Thaler
il Edholm Daniel Maltbie Geoff Thompson
regory Ennis Steven Moustakas Wendell Turner
Judy Estrin Wendell Nakamine David White
ichard Fransen Lloyd Oliver Lawrence White
Ipgrid Fromm Aidan Paul Rich Williams
obert Galin David Potter Ronald Yara

Eugene Retlly

‘Mo Zonoun
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Theffollowing persons were on the balloting committee that approved ANSI/IEEE Std 802.3-1985 for sub-

mission to the IEEE Standards Board:

W. Adams R. Harrington C. Ostereicher
R. Appleby H. Heilborn M.Papa =
G. Arnold L. Heselton S. Peter
Y. Baeg D. Hislop D. Phuoc
E. Beauregard C. Hobbs T. Phinney
J. Becker S. Hollander G. Power
E. Bergaimini P. Hutton A. Reddi
Boorstyn P. Induiago M. Repko
A. Carrato T. Ishida F. Restivo
G. Carson J. Jelemenshy L. Rich

_ & Chakeadarti 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. DeJardins R. Laughlin G. Stephens
D. Dickel F. Lim C. Stillebroer
C. Eldridge T. Liu K. Sumner
P. Enslow J. Loo E. Sykas
J. Fendirch K. Loughner A, Tantawi
M. Figuerea D. Loughry D. Tether
D. Fisher T. Louhenkillbi J. Tourret
J. Fletcher D. Manchester K. Tu
W. Franta M. Marco D. Umbaugh
R. Gagliano D. Matters dJ. Vorhies
D. Gan D. McInode A. Weissberger
M. Graube D. Michels W. Wenker
M. Greéne L. Moraes T. Wicklund
R. Gustin D. Morriss T. Wolf
K. Harbaugh J. Murayama F. Wolff
G. Harkins R. Nelson R. Youg

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

Wh

Std 80

Don

Marshall Abrams Keith W. Harbaugh Marco Meli
John Adams S. M. Harris David S. Millman
William B. Adams J. Scott Haugdahl Aditya N. Mishra
S. R. Ahuja Sharon Healy Richard J. Moff
Kit Athul C. W. Hobbs David E. Morgan
William Ayen Jim P, Hong Mike Morganti
Yong-Myung Baeg Paul L. Hutton Kinji Mori
Wesley A. Ballenger, Jr. Richard ILiff D.J. Morris
Edwardo W. Bergamini George D, Jelatis H. T. Mouftah
Henk F. Boley Guy Juanole Dale A. Murray
§ S;csc‘x E—umicer RuthrNelsomr
eorge S. Carson Karl H. Kellermayr dJ. Duane Northcutt
0.Chen Mladen Kezunovic Charles Ostereicher
. Y. Cheung Samuel Kho David Ofsevit
ilnam Chon David Kollm Young Oh
. Ricky Chow Sastri L. Kota George Parowski
avid Cohen Hirayr M. Kudyan Thomas.L! Phinney
len F. Conrad Takahiko Kuki Nikitas-Pimopoulos
ra W. Cotton Lee LaBarre David-Potter
obert S. Crowder Wai-Sum Lai John Potveek
ichel Diaz Valerie Lasker Gary S. Robinson
itchell G. Duncan Lanse M, Leach Marya Repko
hilip H. Enslow, Jr. Edward Y. S. Lee Robert Rosenthal

udith Estrin

‘John W. Fendrich
arvey A. Freeman
atrick Gonia

mbuj Goyal

ichael D. Graebner
aris Graube
Nobuhiro Hamada
Toseph L. Hammond

Arthur A. Blaisdell
Fletcher J. Buckley
Fames M. Daly

Btephen R. Dillon
[lugene P. Fogarty

Jay Forster*®

Thomas L. Hannan
Kenneth D. Hendrix
Cheodore W. Hissey;Jr:

*Mentber emeritus

pald C. Fleckenstein, Chair

Stephen E. Levin
F.C. Lim

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

Marco Marsan
Joseph Massi

Darrell B. McIndoe
Patrick S. McIntosh

Andrew G. Salem, Secretary

John W. Horch

Jack M. Kinn

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

John E, May, Jr.
Lawrence V. McCall

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

D. Sheppard

R. M. Simmons
David W. Sloyer

the IEEE Standards Board approved ANSI/IEEE Std 802.3-1988 on June 9, 1988, and ANSI/IEEE
.3a-1988 (Section 10) on October 20, 1988, it had the following membership:

Marco Migliaro,Vice Chaif

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

ANSI/IEEE-Std 802.3-1988 and ANSI/IEEE Std 802.3a-1988 were approved by the American Natiional

Standd

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

Donald C. Loughry, Chair

Geoffrey O. Thompson, Chair, Repeater Task Force
Menachem Abraham Hacene Hariti Aidan Paul
Keith Albright Guy Harkins David Potter
R. V. Balakrishnan Fred Huang " Eric Rawson
William Belknap Stephen Janshego Joseph Rickert
Richard Bennett Donald Johnson Gary Robinson
Charles Brill Kwi-Yung Jung Timothy Rock
Juan Bulnes Paul Kellam David Roos
Stephen Cooper Joe Kennedy Robert Rosenthal
Paul Eastman Hiroshi Kobayashi Joseph St. Amand
Phil Edholm Lee LaBarre Walter Schreuer
Gregory Ennis Tony Lauck Semir Sirazi
Alan Flatman John Laynor David Smith
Richard Fransen William Livingston Stephen/Soto
Ingrid Fromm Terry Lockyer Robert. Summers
Robert Galin James Lucas Pat Thaler
Sharad Gandhi . Andy Luque ‘Wendell Turner
Rich Graham Daniel Maltbie Marc Warshaw
Richard Gumpertz Steven Moustakas Ronald Yara
Lloyd Oliver
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 Richard Tliff John Potveek
John Adams George D. Jelatis Gary S. Robinson
William B. Adams E.D. Jensen Marya Repko
S. R. Ahuyja Guy Juanole Robert Rosenthal
P. D. Amer Karl H. Kellermayr Gian Paolo Rossi
Kit Athul Mladen Kozunovic David J. Rypka
William Ayen " Samuel Kho S. 1. Samoylenko
Yong-Myung Baeg David Kollm Norman F. Schneidgwind

Wesley A. Ballenger, Jr.
Edwardo W. Bergamini

Sastri L. Kota
Hirayr M. Kudyan

Oscar Sepulveda
Omri Serlin

H. F. Boley Takahiko Kuki D. Sheppard

Paul W, Campbell, Jr. Lee LaBarre R. M. Simmons
George S. Carson Wai-Sum Lai L. Sintonen

Po Chen Lanse M. Leach David W, Sloyer

L. Y. Cheung Stephen E. Levin Stephen Soto
Kilnam Chon F. C. Lim Fred Strauss

T. Ricky Chow William Livingston Bart W. Stuck

W. F. Chow Don C. Loughry Tatsuya Suda
David Cohen Joseph F. P. Luhukay Efstathios D. Sykas
Allen F. Conrad Meli Marco Daniel T. W, Sze
Robert S. Crowder Marco Marsan Ahmed N. Tantaui
Michel Diaz Joseph Massi Mario Tokoro
Philip H. Enslow;-J7. Darrell B. McIndoe H. C. Torng
Judith Estrin ‘Patrick S. McIntosh Donald F. Towsley
John W. Fendrich David S. Millman Wei-Tek Tsai
Harvey A.FPreeman Aditya N, Mishra M. Tsuchiya

R. J. Gagliano David E. Morgan Richard Tung
Patrick'Gonia Mike Morganti Stanko Turk
Ambuj Goyal Kinji Mori 1. David Umbaugh
Michael D. Graebner D. J. Morris James Vorhies
Maris Graube H. T. Mouftah Pearl S. C. Wang
Nobushiro Hamada Dale A Murray Do Weir

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

Paul L. Hutton Thomas L. Phinney Oren Yuen

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

it had the following membership:

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

John E. May, Chair John P. Riganati, Vice Chair
Sava L. Sherr, Secretary
James H. Beall Jay Forster
Fletcher J. Buckley Daniel L. Goldberg
Rene Castenschiold Kenneth D. Hendrix
Edward Chelotti Irvin N. Howell
Edward J. Cohen Jack Kinn
Paul G. Cummings Joseph L. Koepfinger*
Donald C. Fleckenstein Irving Kolodny
R F-Lawrence
*Member emeritus
ANBI/IEEE Std 802.3¢-1985 was approved by the American National Standards Institute.on J
1986.
When the IEEE 802.3 Working Group approved ANSI/IEEE Std 802.3d-1987 (9.9)it 'had the following
membMership:
Donald C. Loughry, Chair
Steven Moustakas, Chair, Task Force
Menachem Abraham Lloyd Hasley
Keith Albright Hawming Haung
Keith Amundsen Charles Hoffner
Jean-Pierre Astorg Michael Hughes
R. V. Balakrishnan Donald Johnson
Richard Bennett Mze Johnson
Charles Brill Kwi-Yung Jung
Juan Bulnes ) Matt Kaltenbach
Robert Campbell Paul Kellam
Luigi Canavese Scott Kesler
Albert Claessen Hiroshi Kobayashi
Peter Dawe Hidetstne Kurokawa
Peter Desaulniers Lee LaBarre
Raymond Duley = - . EdLare
Jeff Ebeling Wayne Lindquist
Gianfranco Enrico Terry Lockyer
[Alan Flatman Don Loughry
Richard Fransen James Lucas
Ingrid Fromm ) Andy Luque
Robert Galin Lloyd Oliver
Mark Gerhold Aidan Paul
Adi Golbert Roy Pierce
Rich Graham Eric Rawson
Rich Gumpertz Joseph Rickert
Hacene Hariti Gary Robinson
The [IEC TC83 Committee on Information Technology Equipment also provided very helpful input to the
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When the IEEE Standards Board approved ANSIVIEEE Std 802.3b-1985 (Section 11) on September 19,
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When the IEEE Standards Board approved ANSI/IEEE Std 802.3e-1987 (Section 12) on June 11, 1987, it
had the following membership:
Donald C. Fleckenstein, Chair Marco W. Migliaro,Vice Chadr
Andrew G. Salem, Secretary
James H.Beall ‘ Leslie R. Kerr L. John Rankine
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ANSI/IEEE Std 802.3e-1987 was approved by the Américan National Standards Institute on December
15, 1987.
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"Richard Anderson, Current Chair


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

William B. Adams

Paul F. Russo
Moni Samaan
F. Sarles

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

Bob Smith

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

Carlos Tomaszewski
Herbert Uhl

John Visser

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

Mark Wingrove
Nobushige Yokota

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

Bandula W. Abeysundara

Bob Jacobsen

Hardy J. Pottinger

Don Aelmore
Hasan S. Alkhatib
Jonathan Allan
Sule Arslander
Kit Athul
Michael Atkinson
William E. Ayen
Yong Myung Baeg
Subhash Bhatia
Asa O. Bishop
Alan L. Bridges

- Richard Caasi
Mehmet U. Caglayan
Anthony L. Carrato
George S. Carson
Brian J. Casey
George C. Chachis
Chih-Tsai Chen

Gerald W, Cichanowski

Michael H. Coden
Keith Collins
Rodney A. Conser
Robert Crowder
Jose A. Cueto

F. Deravi
Ashwani K, Dhawan
Siyi Terry Dong
Mitchell G. Duncan
Andrew M. Dunn
Sourav Dutta

Ted Dzik

Hans Eklund
John E. Emrich
Richard G. Estock
Changxin Fan
John W. Fendrich
John N. Ferguson
Samuel Fineberg
Ernest L. Fogle
Harold C. Folts
Sandra J. Forney

Rajfain

Gerrit K. Janssen
Jack R. Johnson
Reijo Juvonen
Richard H. Karpinski
Julian Kateley

Gary C. Kessler
Samuel Kho

Jens Kolind

Vijaya Konangi
Peter Kornerup

Jon Kramp

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

Glen Langdon

Mike Lawler

Lanse M. Leach
John E. Lecky

‘Jai-Yong Lee

Michael E. Leé

Lewis E. Leinenweber
Kin Fun Le )
F.C. Lim

Ping:Lin

Randolph S. Little
William D. Livingston
Mauro Lolli

Wayne M. Loucks:
Donald Loughry

Nam C. Low

Andy J. Luque

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

" David S. Millman

LALIGY
Thad L. D. Regulinski
Francisco J. Retivo
John R. Riganati
Saber Rizk

Philip T. Robinson
Gary S. Robinson
Robert Rosenthal
Daniel Rosich
Floyd E. Ross
Victor Rozentouler
Chiseki Sagawa
Mark S, Sanders
Ravi Sankar

Julio Gonzalez Sang
Ambatipudi Sastry
Vidyadhar S. Savant
Manoj Kunar Saxe;
Lorne Schachter
Norman Schneide
Jeffrey R. Schwab
A. D. Sheppard
Glen Sherwood
William T. Smith

I. A. Soceanu
Robert K. Southard
Charles Spurgeon
Michael Stephenson
Fred J. Strauss
Efstathios D. Sykas
Roy S: Syler
Gregory M. Sylvain
Daniel Sze

NhiP. Ta

Hassan Tabaie
Hao Tang

Ahmed N. Tantawi
Steven R. Taylor
James N. Thomas.
Geoffrey O. Thompgon
Nathal Tobol
Robert Tripi

ind

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

Richard J. Paroline
Thomas E. Phillips
Art J. Pina

Rafat Pirzada

Udo W. Pooch

Harvey A, Ffeeman C. B. M. Mishra L. David Umbaugh
Ingrid Fromm Wen Hsien Lim Moh Thomas A. Varetonii
Eithan Froumine John E, Montague James T. Vorhies
Robert Gagliano Kinji Mori - Barry Vornbrock
Isaac Ghansah Gerald Moseley Clarence M. Weaver
Patrick Gonia H. H. T. Mouftah Donald F. Weir

| ~Michael D. Graebner K. R. S. Murthy Alan J. Weissberger

: Maris Graube Charles E. Neblock Raymond Wenig

Abraham Grund Ruth Nelson William J. Wenker
Crag Guarnieri Arne A. Nilsson Earl J. Whitaker
Sandor V. Halasz Donal O'Mahony Thomas P. Wiggen
Joseph L. Hammond Frederic Oakland Michael Willett
Clark M. Hay Charles Oestereicher Paul A Willis
Lee A. Hollaar Attila Ozgit George B. Wright

Jen-Kun Yang
Oren Yuen
William H. Yundt
Zhao Wei



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

When the IEEE Standards Board approved ANSI/IEEE Std 802.8i-1990 on September 28, 1990, it had
the following membership:

Marco W. Migliaro, Chairman James M. Daly, Vice Chairman
Andrew G. Salem, Secretary
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1991.



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



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

Contents

SECTION PAGE

1. INEEOQUCEION ..vevvvreirereerriierieerrisresrereeiesreessessesrensaesseennasssisesssssesieesessnsntsorsesarsstossesses sasssessnesansrianarssssssssore Q1
1.1 Overview........cooneen. cereresreeesiretesnrteeesaressann . 31
1.1.1  Basic ConeCePts ....cccivirieniiienniininnieinesieisssiieisesssesnssisiesisiesssrssessssssssssossesssessessens 91

1.1.2  Architectural Perspectives ..........ccccervrrrrrirrerosieriresseemessiesiniissssosssssensnisesionssssessssssovenssres O

1.1.3  Layer INTEITACES ....cvvveveeeierreiticienteiinrrsiienecsisirestssiesiesrs i esnesssssssessssssesaesssssssssnessassosnens 92

1,14  ADPDLCAtION ATEAS ...vcvvivreerveeiieecnrioiiersernsirenniestesieessttssiessstesssnsisssisessssssssissssaessatessnrssssesssees 3O

1.2 Notation.......cocoeeerevvvernieinncnniienns : .
1.2.1  State Diagram ConveNtionS.........c..couieiriiiriiniiirsoncieinriiieionsimrineisinseerosesesssssesss 39
1.2.2  Service Specification Method and Notation...........cocmiciniiiaiinnonnose.n | 34
1.2.3 Physical Layer and Media Notation.........c.cccccouevinevinnninvnnicnininnenrenesennencsseennessoin . 35
1.2.4  Physical Layer Message Notation ..........c.ivcccviiiiiincimnninniimnsnsnsoeeuiobes . 38
3| REfOTOICES...ccvevivereererrrrerisirreresirseeseraresossaressossnsensisnssnessssrsessssnrtssssssrsnsessssarasessesnsasosssss Thasqesssssssve|s OO
A | DefINItIONS ..covvveieeiiiiiirerrreeniseeireecsneesinsssrrssessessssstsssensssssssssssssssnessesanssssesssssnsessoraessraf@iedasaesssssassons|s OO

eseserrerrsssrsrsesereranssttinins

2. MACL Service Specification........c.ccciiimiininnmniieinrnssrenseeinne e et seesnessssesns o 91

2.1| Scope and Field of Application .........c.cccverenrirnncsiniininiinnisiriieree i sessesnesnnans s 87

2.2 | Overview of the Service ........ccevverivvvvvrerenes vervreeressvesnnrsvenenansfe 37
2.2.1 - General Description of Services Provided by the Layer..........d % ciccniininenineenesiennn] 37
222 Model Used for the Service Specification ........cccoceviviiniies midins . o). 87
2.2.3 . Overview of INLeractions .......ccceeeveerverniinreisinneserenveerseensessss NaToasseressssessesoreeesassseesssseesarassle S
2.24 Basic Services and OPtioNnS .......cocvieeviernriereinnieercrnreensens G e erienennessenessnsssessossessecarseneoree]s 37
2.3 | Detailed Service Specification ............c.oivivviivmineniiiniiine ot e 38
2.3.1  MA DATA TEQUESE ...cveveireririeiriresiiesenreennineessvecossmsseskonsinessorenissnsossssasssrasssssnnssssrassssoranass|s OO
2.83.2  MA_DATAINAICALION ....vvererrierrieeenereernereesrnnriassofassoeronrenieressassseesrssssnessesassraesseessaasncessacs]s 08

Cserssrssasetectissesstetotine eressnceevevedaud Y

3. Media Access Control Frame STIUCLUTE ....coovccvvvveverinivirseistineesssssiesesreessisssssssessssrsessssssrsnessssssvnnencsssssnneds 41
.1 | OVEIVIEW .cetvreerereerrorereessssssosassssssrsansssssssssssssssssssnsidinsiosssrsosssnnssssassssnsssnssssssssscesessssessocssessrsnsnsnnanesonsfe &1
8.1.1 MACTFTAME FOrmat.....ccuevvvvivineriieiieeeieerreerrreersssesesesssssesssssssssisnsssersesssasssesssresenssssessensnnds 41
3.2 | Elements of the MAC Frame... SRR A § |
3.2.1  Preamble FIeld ......ooooovviiivncadirnieerreteresaressinssiessesnesesssssesssssssesssesssssseanesseassassresesssede 41
3.2.2 Start Frame Delimiter (SFD) Field ..........ccccivciiviiinnnnniiiinnriiivnsennnnncsitenseseennnnsenenenn s 42
3.2.3  AdAress FIelds .......uuveeviviiinbenntinnereiienrerireseiereiesesesenissirmcasrsimsmsmnnioessnes -
3.2.4 Destination Address Field i ..coievviinviirieereeionnmenieereernsseninnne
3.2.5 Source Address Field £..o0ccvvivieensn.
3.26 Length Field ......o.coivvenveniicnncniinciniininnenns
3.2.7 Dataand PAD Fields ......cccocovvrviverirerireenrrenrerirenesesinrssssesnse
3.2.8 Frame Check Sequence Field .........cooviviieiciiiinnnnn
3.3 | Order of Bit TransSmiSSION .......icccivevivreemsivivrerreesioseisssssivnsesersssssssssnasaseresrossssenssssarssssasssssessssssereess e 44
3.4 | INVALIA MAC FLamIE .o ueeeeeeeeieeiiererreereeerisssiiinnersensecsssisssstessssresssssassesassessesssssarsssssserssssosssassssssrseeeneds 44

everevarsrrrrsaFe B terssanes sessesssessisane

sesesesssssetevetnnanrsrsnsas

4. Mec1aAccess CONETOL )oeoiriieriiniiiviieeiseresetiaressitressssstessersssasssibnnnensssnsasessssinnessossannsosssssanssssssssrsssassosssnnets 40

411 OVEIVIEW ...uivrreeciiirereniiesesiietesniniosiomnenssisinesssssssaesssssiseesssssssees .45
4.1.2 CCSMA/CD Operation........ccccrvuerreerircrruerreensenenas vererreerrenes rreeersreseresnrerersrenesresessressnnesseresseeds 45
4.1,3-> Relationships to LLC Sublayer and Phys1ca1 Layer.....covvvviveieiniiirnennninninnneereenieenreeenn s 47

: 444~ - CSMA/CD Access Method Functional Capabilities........cccoccrvriivvrrcrinininecinnineniennnnn | 47
4.2 | (CSMA/CD Media Access Control Method (MAC) Precise Spec1ﬁcat10n... rerreerreessesneressienerenriena)s 48

422 Overv1ewoftheProceduralModel.... dvreresirebrsranreseeeroreres
4.2.3  Frame Transmission Model .........cccccceeriunvennni.n. .

4.2.4  Frame Reception Model .........icccovveiriiiinniinininiiiiinniniinniesiccnressseesnsecssnesssaesss DO

- 4.2.,5 © Preamble Generation 56
4.2.6  Start Frame SEQUEIICE.......civereivererreireerieesreerserssescrassiossrnsssesessressrassressssnesseessaasesrsssssessnsere T

4.2.7  (Global Declarations.......c.ccccvivrrvrveeierieersirreeseesesesssverssersessosssssesranssasssesssssssssasssssssssssssassanes D1

4.2.8 - Frame Transmission ............... erreeens

4.2.9 Frame Reception .......cccccconviivenevoninnnn certensraeessreresssseersnanresenners B9
4.2.10 . CommMON ProCedUTES. ... cuvveeiiiriririiiiieireeerrirerieieeerestesssrisieesersisssseesesssiesssessssssssssssssssoscssrssrs OD
4.3 Interfaces to/from Adjacent LAYErs ........ccccoiiiivniiiniiiiiiinisassssssssenmssesiniessnesssseessers 00

Pevesessasssee



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

SECTION

OVEIVIEW .evievrreivrietrerieessresireissesesessssssuesisnsssus steessesssisorisestassnessrosavesnssssnios
4.3.2  Services Provided by the MAC Sublayer.......
4.3.3 Services Required from the Physical Layer rerrreresrrrtresestabs oo inranasserstnrresanen
Specific Implementations .......c.cooccovvsiniiniiininnn.
44.1
4.4.2

43.1

terersetesttetacioinonrentaiarsren

4.4

eebeserresassresecasrreratrriiasersns

$4sssesenrassenstaneresnstistonas

Layer Management ........ccucoiiivnienineriieecnenseneeneeee
5.1 Introduction......ccccecvvivinnvninnnicinieinnenonn
5.1.1 Systems Management Overview ..........cccovverinnan.

eeressrssasertesirenane

I R T P R R TP Y YT P PP PR Ry

sssetecsrenans

Cresrertesiisaanassene

512 Ldytu Iviauag,euwut Model——m
Management Facilities ..........
5.2.1 - Introduction...............iiveeeenes
5.2.2 MAC Sublayer Management Fac111t1es rrereesaretesrasresies
5.2.3 Physical Layer Management Facilities'.............cccouevee.
5.2.4 Layer Management Model...........cccovivninniniininnienmninirioesmis bt siinneenns

P00 re0eeertaterasettennteertiotestontteteertotecatsassteccotroanetser

5.2

]

cevbesssesisetrrreses Cesesesssressecarstrresssssesnnns

PRI R R LR R R R YT LRI () PE AN

eterreeeretsttsstasassternsctbeagntere

“reerecererssessrarensessettariaseees

PLS Service Specifications........c.ocoiiiivniiininiiiiiessesnssnsn s abresnsesssnsssenene
6.1 Scope and Field of Application ..........cecciviiiiiiiiiiinigt b e
6.2 ~ Overview of the Service ...........
6.2.1  General Description of Services Provided by the Layer.)............
6.2.2 Model Used for the Service Specification ............... 52
6.2.3 . Overview of Interactions ...........oicen.
6.2.4  Basic Services and Options ...............
Detailed Service Specification ..........ccooveveevrvnnnnii @i,
6.3.1 Peer-to-Peer Service Primitives..............ldeVniiiniinenneinninnivncsnnennn.
6.3.2 Sublayer-to-Sublayer Service Primitives. ........c.cccovvrinviniiinininns

N0 8880800000 tooassosserettontoteesoreesssstostetoresssinsdtoseossonerrrersiosssssosnvovane

Vesesressrrssesratasssse
P Ry R P PP PRy P P Ty
crecerrccetitianan

Veesreessnseasesane

Seeeeersessetrcteairsssnnstesetertrernen
Ceeeresrseesrtseacreerere

6.3

terereds

Physical Signaling (PLS) and Attachment Unit Interface (AUI) Specifications.......................
7.1  Scope......eeererneen
7.1.1 Definitions ...cocovvvinirieinvennennecndite,
7.1.2  Summary of Major Concepts+........
7.1.3  Application........cccooeurersyrneririnnns
7.1.4 Modes of Operation ....oli.vivvivennneinnnnins
7.1.5  Allocation of Function.............ccooueruuue.
Functional Specification=:.nx.......
7.2.1 PLS-PMA (DTE—MAU) Interface Protocol............
7.2.2  PLS Interface to MAC and Management Entities...c.cccoiveiiniiiiereennnininiecn
7.2.3  Frame Structure ................
7.2.4 PLS Fungtions ....
Signal Characteristics..........ccccniniininiinen.
7.3.1. Signal Encoding ......cccecoiiiviniiniiinneniionnin,
7.3.2
7.8.83.< )Signaling Levels.......
Electrical Characteristics .......c.cooiveenne.
7441 Driver Characteristics...........
74.2 Receiver Characteristics
7.4.3 AUI Cable Characteristics......
Functional Description of Interchange Circuits.........c.ccovovenevinniiiniininene
7.5.1  General

PR T R L T T T e R R R R R Py Ry TR

sersinessnane

svessne

R R R R P T R T PP TP Y PYRY eresrertariarnnte

R R R R R T R TR N TR PP PP R R PP P ST T P T Y PR T Y

680 eaesa090060a0080rasastassstsnessssserenessedrtnatesitesssssssionetetsncencs

Ceerracnsterssnntesesns T R R R R PR R PR Y P PP PP PPN

NN 008 e 100t stiresstsioteertonssratitttinioreiesietettiritrrrnss

7.2

seessesseranne R R R L T T R R T T P P PR P Y Y PR PR Y PR PRI NPT TP

P R R YT P T R P TP PP PP TS

Sesssereessinens

R R I T Ty R R Py R R R P P R Y E RPN

7.3

a4t easis et aIaseatesaretsieassererrasiossssessetsreniotesntedi

PR T R R P XIS T LYY T

€eseessserreresoseibesanrsar s Sesessirrerisecartrerense

etessssssaresttrsssessonsure

e e e a e s s s e e et el es et eserer00as00es80setetersnteretetasrernsttetttottrtrosrtee

R R T R T P R P P PP P YT P T P PP PP Persensassras

403000800000 0u00u0ssstereieetssssteisseietsessesrssriorsnsessiossentones

Cteresevocrtretirensne coen

7.5

............. S e Y309 r e s eee s 00000008 eeees0e0800800008sss00t0nerboevsetrserend

sesesiecreccfecns

secteeaverfens

ssrasasrecfes

Signaling Rate ... e oo

7.5.2  Definition ofInterchange C:rcults .....
Mechanical Characteristics ................
7.6.1  Definition of Mechanical Interface....
7.6.2  Line Interface Connector .........cocvcviemiinriiiiiiiiinniiinnie i,
7.6.3 Contact Assignments ...........ccceevvererercorene

7.6

T T X L T T Y O SO

L R TR Y NI T

D R R P R Y PR TP YRS

60 aesiersesiaetersteerteereresterissierteeretttrrrerars

Medium Attachment Unit and Baseband Medium Specifications, Type 10BASES5 ................;
8.1 Scope.....
8.1.1 Overview.....
8.1.2  DefINEIONS vvevvvvivirrecrrieisirniesssoieneerssinesssnsstsenessorsssrossesssssssnesssssess

P R T P R T R T LR P PR P Py T TR R PP R TR

111

PAGE

Cesecrrrosrercnsinge 66
cesrsosecrnse 66
R Y Iy 67

ssecercrsces 68

Compatibility OVEIVIEW .....coocccivniiiiiniiieiii st ssssssssssssesssesss 08
AllowableImplementatlons eetteeveeorirreseretaaaairbeestee st e ertbeseastessrneaesanvessresereraniasinessrorarsss OD

TR |

4010800000 astretatsessstestneresetrettaetonotasssttsetstenseocse 71

vovenrennne 71

BN

e 13
73
TP £
v 17
SRR i

cesrrssssone

reninnenn 83
TN -
T - -
ST -
coreennns 83
83
oo 84
vevenenr. 84

crevrnevense

cererneennns 87
.. 87

sesssrane

seseernves

erabecnsssseten e brretarsasanessnsetttorarariterrantorsotesenrs]s

e 98
vevvereeene. 98
wreeens 102
vreeeenns 102
e 108
wreenens 103

creennen 108
veeeennn 108
veeeiennns 108

ERRTATRR § & §

e 113

crevreneens 115

I I T T R Y T PR R R PRy P PPNy Py P F VY P YT P Y P IS T PR T PP PR T TN 115



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

SECTION PAGE

8.1.3  Application Perspective: MAU and MEDIUM Objectives.......c.ccoeieenieniircveneeinenneeences 116

8.2 MAU Functional Specifications.........ccviiiiriiininniiiiiiricsenesioisinessessses 117

8.2.1 MAU Physical Layer FUnctions.........cccovvvvieiirinniniiiininicionnesieeinesieane e 118

8.2.2  MAU INterface MESSAZES .....ccirreirerierieenriereeressserestostasiesstisosiersssssssssressessessnasssssosiessssse 120

8.2.3 MAU State DIagrams ........cccccvievrenreriireesrnieereseessnessesessessessessensessasenses ererrerreete e rrentes 121

8.3 MAU-Medium Electrical Characteristics .......ccvverriniiiimemeimiinemmeiminemeisimiessommn 121

8.3.1 MAU-to-Coaxial Cable INterface .........iiceieriimiiinmimmmeein s 121

8.3.2 < MAU Electrical CharacteriStics.......c.ccceerrviiieroreereriiiiineemseesinineessiessonmeeienesssmiesssonenses 125

8.3.3  MAU-DTE Electrical Characteristics .......c..cccovvverrvieineriiiionmieeicnininesieneninmseeesinnses 126

8.3.4 MAU-DTE Mechanical Connection ...........uecceeereervriniiienivemioinensieesinecineesinisnerssniesinaresees 126

8.4 —Eharacteristies-of the-Coaxial Cable e e 126

8.4.1 Coaxial Cable Electrical Parameters ......c.....cccoveieeniinriernneniienarerisesineeeseresssesssessnparord: 126

8.4.2 Coaxial Cable Properties ........ccccvviiriemivniiemrierninesincsarisoiseseessneerseesssnessaesneesssnsssesleduvines 127

8.4.3 Total Segment DC Loop ReSiStance .........ccccicvrvriinieiinnenineriieonesincessssboesened 128

8.5| Coaxial Trunk Cable CONNECLOTS .......ivvcvererirrerriverinnerrercrrerseisisssienariessssemesssssesiessssesssensaadesssvessnnes 128

8.5.1 Inline Coaxial Extension Connector..........cccovcririviiiecnuneeniiiniines i givsbdoonmessessnnns 129

8.5.2 Coaxial Cable Terminator ........ccccccvseirernreninnieorennmnnnnmoreseermmieseseeesnbd e e esansed 129

8.5.3 MAU-to-Coaxial Cable Connector ............cccoviernvenenseineinieiiiienensisssmecdadbrresaeenesssesnanenes 129

8.6| System Considerations ............cimiiiiiinnorn, trrveerverensresrsrevesfalaierionsnnsessnierenssaesend 130

8.6.1 Transmission System Model...........ccoivvieinrrniiniinininn S 130

8.6.2 Transmission System Requirements ...........cocevecvinnnnnicinne L bl 131

8.6.3  LabeliNg ....ccecviiiriecirineenecctecenaenirneseneresisiessnss s ssserss s st Tao e ereenabobenn et essaesraesarssnaeees 134

8.7 Environmental Specifications ..............cuen.e. drerssresnssasiiosendennenee Qg rie s e e ors b e st rsbaesesre b e anesseand 134

8.7.1 General Safety Requirements ........cc..cccciuiurnviiirercsfueni it seesieessnesas 134

8.7.2 Network Safety Requirements .......ccoceveieiineernnndeiiberieenueiiieneriieeersniessivesssessssescnns 134

8.7.3  Electromagnetic Environment.....c.....ccovvivcinnns 0elniniiniiiiininenesneennnen 135

8.7.4 Temperature and Humidity ........cccocniiniiiicBiiuiimninnni e 136

8.7.5 Regulatory Requirements ..........c.cocveveeeee B i 136

9. Regeater Unit for 10 Mb/s Baseband Networks......... 5 i ciiiiiiiiriiisieiisssnesnesons 137

O.1| OVEIVIEW .oviviereisrrisirerinsieeorivrsessersnsessessisssresioiborsesssaesorsasnnnessosssesssessosssssorasssssinssonsessssiaussssssnssorses 137

9.2 Definitions ......cccervveiiniviiienvinnnnnns ST\, < O ST RO OO U OIRTU T UPIRORIRTPPICRNEP IS 137

0.8 | R OrENICES. ueietiiiirreceireiieteerrreenbeesineesagesse s easstessreeessisorrasesnbsesstsebenasteiitssseraasssbrtstenreessatiessssrnresard 138

9.4 Compatibility INterface........ccccoripn il it s 138

9.4.1  AUI Compatibility .....c.ccoiomienniiineniniiniiiiiiiiieicsrsss st seesssessesnsssessens 139

9.4.2 Direct Cable Compatibility .....cccccocervirirennveiiiinircininnicie e 139

9.4.3 Link Segment Compatibility .......ccccccovinmimiinimiiiiie e e 139

0.5 Basic FUNCHIONS .....oociieeviaiiee et eerreereiersseresssnessrenessass sortosssrasssssssssassssstessnnesssstesssnsessosabossonnnssinns 139

9.5.1 Repeater Set Network Properties...........iviviiiimminiiniieeeennenn 139

9.5.2 Signal Amplification...........c.cccceennine. reresrerneereriesiaeeieereessissaenabensernienissaserarssttinesaasentostessanes 140

9.5.3  Signal SYMMELrY ......ccccorinminiiinnr e s ferreeeerareenenns 140

9.5.4 Signal RetiMing ........cccccovvimviincniniiiiiiniiniiiinrnneisen, eerer i eeirieeerensieesanrenns 140

9.5.5 Data HaNAINE ....c.cccoivivireenieriinnenienrensiensisnseseseestsiessesesassisssessassossiessssesaes ORI 140

9.5.6 Collision Handling .........ccoeeiiirrienniioiinnienrininie e siennissiessonenssinesissersessinesssneseseens 140

9.5.7  ElECtrical ISOLAtION ...vvvvicririeiiirrreceririieesreeeesineesssnnnreesesiniesessssaessssssssbressssssnnsesssssssnnseess 141

9.6| Detailed Repeater Functions and State Diagrams ..........c.ccoveninniinniiinniininin, 141

9.6.1 0\ VState Diagram NoOBation .........ccciiiiiiiiiiiiniiiiir i 141

9.6.2" Data and Collision Handling .........cccccivnniirimminnionniiieiinsinnenseee o seseenens 146

96.3 Preamble Regeneration ..........c.ccceoieviiiiiiieniininiinsiririneenimeneinsivnienssnesssssiassasssses 146

964 Fragment Extension oiititeietiisisiieiteserereriecrererreretttertetseretteseioretanienerere 146

9.6.5 MAU Jabber Lockup Protection ............cccovrvinnvcennininnrnnnnne eterteeserrteeeassrnrererasesnrranans 146

9.6.6 - Auto-Partitioning/Reconnection (Optional) .........cccoviniiniiiiiinniiinn, 146

0.7  Electrical TSOLAtION ..vvvviviviiieiieieiecreeiineniieneisnresssisiienearsresesosinsressisursesssssinsessossersnssorsbninsssrsssnssassos 149

' - 9.7.1 . Environment A ReqUirements .........cceerirveerrereereerissisivenaeessioseinesssessissiesseessssssssssssssas 149

9.7.2 Environment B Requirements ...........ccccovreiiniiiiimerniniiiiinntsinnnieermimieisisieiesommmiies s 149

0.8  ReliADILILY cuvevreerrrrrerrenreinnirnisaesusssesivnoressestssiesesrtossesssssesssortossesassrsesrassissesinsssnsinsesnesrasssessnasiresnses 149
9.9 Medium Attachment Unit and Baseband Medium Specification

for a Vendor-Independent FOIRL ..........ccocvvriiiniiniinnmnninieiiimininiinreisessesmisimessnssmsons 149

0.9, 1 SCOPE teveriivereereenrenresieeriisresstitsstots s sts st st sr s sab et sras e sbs b e e bt sb et ne b sbas b ererereeeneens 149

9.9.2 FOMAU Functional Specifications ...........cccocviivcricnrennnimninesneninieiomieeens evveesseneaees 151


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

SECTION PAGE

9.9.3 FOMAU Electrical CharacteriStiCs ..........c.occomueimisivimnieiiieisiioniisscrsnivimirsissiorsnomiseeiens 159
9.9.4 FOMAU/Optical Medium Interface..........coovvevrininininiivnniicinniecniinii. 159
9.9.5 Characteristics of the Optical Fiber Cable Link Segment...........ccoceeeripireiinenennnnieeens 160
9.9.6  System Requirements ...........cociermieriniineiniinnioe it s 161
9.9.7 Environmental Specifications ..........ccoeveiriiniininiiinniionsiii e 162

10. Medium Attachment Unit and Baseband Medium Specifications, Type 10BASE2
10.1 Scope.......coeerinenns Feteeereetbiiteestearte b eere s Rt e R eb e et et e e s e SN s o e s ks bobEs NS oA s sa bt s a e e basshre s Crrerrsrreneennns
FO.1.1  OVEIVIEW ceoevvivirieiirireessviersesasssesssesssessassesssnssssessssiassssssosssnssasisssssaneeshnnssssseosivasessstssorssinsen
10.1.2 Definitions .......ccoevvrimmiineveniioraniennsnenns RN e et ea e aebaeas
10.2 References..........ccccoimeeieinnireiininienisaneneas irrraeecornsrserrersansrnisiearennnesesbbaasesasetessibaisnessessanante i
10.3 MAU Functional Specifications.........cccviveiniiniiiniineniinsniesesinisessesesssioses Sniedees
10.3.1 MAU Physical Layer Functional Requirements...........c.covnvinvinennnini ..
10.3.2 MAU Interface MeSSAZEeS ......cvvvrrericriruensinsiinnisnsioniiiissonsesssisssssnsssisensassiedossssesseses
10.3.3 MAU State DIagrams ....ccevivreirieceinieeniisironioioicsisssimsisomsmesiyems b tarsosssssssees
10.4 MAU-Medium Electrical Characteristics ..........c..cuvvviviennneinreeninens teeerererea s e rerreniiensseand
10.4.1 MAU-to-Coaxial Cable INterface .......c..ccccovivnininninnniniiinn b o
10.4.2 MAU Electrical Characteristics........ccvvvivverrscrinieninninniinioibidenminnmnen,
10.4.3 MAU-DTE Electrical Characteristics ........cccomnvenuiinnnic i S,
10.5 Characteristics of Coaxial Cable Systemi........c.cccovcpeesiiivineennnne e b beviiiiiicn,
10.5.1 Coaxial Cable Electrical Parameters ............ccoovvveresShinmimnniivniivimei i,
10.5.2 Coaxial Cable Physical Parameters .............coovnfctoniismiviinnnienions veeviverereens
10.5.3 Total Segment DC Loop ResiStance ...........civoosuiiiduennionniniinoiinsniinesnon.
10.6 Coaxial Trunk Cable COonneCtors .........ccciverrreerirnierer s ofiobornnuessissneesssssrnresssinsssssiorersesssonsens
10.6.1 In-Line Coaxial Extension Connector .......0 Yo mmiinivnninn,
10.6.2  Coaxial Cable Terminator ......cccovceeevireiiiarerereiseieassesssemsesssiseesessisseessarsseessesssesses .
10.6.3 MAU-to-Coaxial Cable Connection ... 5 e erinnioniieeieinninsinne e
10.7 System Considerations ..........c.cvnineere @it
10.7.1 Transmission System Model....... 50 v
10.7.2 Transmission System Requirements .........c..cviivcniiminnnisoiinenmsn,
10.8 Environmental Specifications .......... s e
10.8.1 Safety ReqUITEIMENts......oceiiterirciieniniiiiniiiieneniieree st siese st ressesaesasasssessessaane
10.8.2 Electromagnetic ENVIroNmMent........ccouoiiiniiniiinniieiiniiinenimineiinsssne
10.8.3 Regulatory Requirements ........ccccoveiiiiiinninininiiniinnsinsisisssnnsnnsesnessoseenne

11| Broadband Medium Attachment-Unit and Broadband Medium Specifications,
Type LOBROADSG ........ccoiae ittt ettt bs e ss st sbassesesiestanesasbesseseasent sbnnassonsesssstsunnes
TLL SCOPE..vievriieireeceeredemhetoessessesussresiesesrisiessosnsstassesnesessestssssssassesasssssesssssessansersessesssssnasaatarsesssessanns
L1111 OVeIVIEW .1 iriveiieiorreeeseesensesersesessosonsnasssssiarassssassssoncsshussssrasssssssssineessaresssrsssssssionss
11.1.2 Definitions .........ccccorvuineaneee thsresresteersnsines e berasneresaeneabesassn inpegnisusurebristinitivertasansaasaens
11.1.3 MAU-and Medium ObJEctives ........cccovrreervrernreriiiiemmreriniiiinieennnionsne eevveeesnrsronand
11.1.4 Compatibility Considerations ........c..ccccvivvcrvnrivriencnnns errernererreeerrteearaeesbasresanes
11.1.5 <Reélationship to PLS and AULI .........ccocvvminriimivniniammiemnninniii s snsssiennias
11.1.6/"Mode 0f OPEration .....cccccevvereiermrieiiieiiiniiiietinsireie bt s s stesesesessesbsssesssassaony
11.2 MAU Functional Specifications.........cccovimiiiininiiiniiniessisiossnssssnssiensnssssssessenses
11:2.1 MAU Functional Requirements..........ccccercvvnriinniiniiinninnioniivennn, eeetereeebianeseseaaes
11.2.2 DTE PLS to MAU and MAU to DTE PLS Messages.........c..ccocvvieneruenennne wesibeeneaes
11.2.3 MAU State Diagrams ........... evtesesiesresrssiebeesseb et et et S n et e kSR st s as s ee e s R b erbanerasanssrEben

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

11.3.1 MAU- to-Coaxial Cable Interface ............ eeerereresartebetasneees e et eeraaenei s e aeetaaeraesiaetsneenanteas
11.3.2 MAU Frequency Allocations........c..cciciviviniiniiiiiininiieimreessisioeinsssseineess
11.3.3 -AUI Electrical CharacteriStiCs....ccoeeieriererrrensiinerseeseessiissnneressssrsssnssiesessossisosssessasnises
11.3.4 MAU Transfer CharacteriStiCs .......cccivereivrreerreniennnitinisiiee sttt esssbiasansssiaesssssenins
11.3.5  REHADIIEY.c.vevverveirrererrereseesesessssesessesssissessssencissnesssssesesssstresenssacsessisssessssesersssasssenens e
11.4 System Considerations ................ erreeteessen e e naar R aesars e b tasnten st e e e ey e et s e e s e E e e s e ks e ree SN s e b e s anb e e
11.4.1 Delay Budget and Network Diameter.............covveniniinieniin eiseeanereenasenireereesiaessreseanes
11.4.2 MAU Operation with Packets Shorter than 512 Bits .....cc..cccovvvniiiniiinininniinennnninni
11.5 Characteristics of the Coaxial Cable SYSteIN .........cccorerrrrnriirirereririimiieimiesininiiois i onesssenees
11.5.1 Electrical ReqUITremeEnts .........occivviiniuimioiivimuisiisimisivivsimeimiosnsimmesinmmsmeosesssosseses



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

SECTION

PAGE

11.5.2 Mechanical ReqUirements.........c.cooveverernveniurenerireerieenressnrercresssiesseessisessesoneesseeseinsessersass 207
11.5.3 Delay Requirements...........cccvciviviiinininiiiiiiiiiinisss o 200

11.6 Frequency Translator Requirements for the Single-Cable Version...........ccccocvvivinnnniineninnnn. 207

11.7 Environmental Specifications ...............

12. Phy

Tyn
12.]

12.4

12.3

124

12.5

12.4

12.9

12.9

11.6.1 Electrical Requirements ..........cccoovccniinricvaniniienininnnionininiiviniemosenesmioneenes 207
11.6.2 Mechanical Requirements. ..c.ccocrvivreerrreriinrinreerieemeriecrnierasroieessesssersssscsesssseesssasesesesss 208

$ee4tassrssacsscnereentstrisnane

11.7.1 Safety Requirements............. eerteererereanenaeeireensbeasearaans eerreerrresreressressaseessiressssssteessrseeios 208
11.7.2 Electromagnetic Environment.........ccccccceveniieieevineinccisniinnninnmionnineneneesinenn. 208
11.7.3 Temperature and Humidity ...........cccovrivivnnicrnnininnnnnn.. 208

: g
e 1BASE veveneensesenaas e 209

Introduction.......ccccovvveiinnenen. eeeereriarre ot rrere et ere e taeeeatbtessirrateenartrereessrasasassssreressssanreresassyiasTaters| 20T
12.1.1  OVEIVIEW 1oeoviirriiririirereererirerersesssresesssssessssiessosssesssarssnsssesssssesssssssnssesesveseasasssssseltugieasssee| 209
12.1.2  SCOPE cvevverierrrrienreerirrinisiessreiis et srssisssisnssssssssssesssssssnssessesssssenssnsb i ennennenns 209
12.1.3 DefiNitions ..vc.oovervieeenirirrirerierrnririirirersereresssssesseniareesssssssesssssssaessnsseseessssssassssssbelonsesssnsaressess| 209
12.1.4  General CharacteristiCs .........civeeiicieeiniiieniieeisieeiassanssisnssssasssinnssssesesssnns s ihiiobersiessraeanessrns| S L1
12.1.5 Compatibility ......cccocevrriemreirinininiinrenniiicree it 211
12.1.6 Objectives of Type 1BASES Specifications.......c..ccecviinninnnnlodinnninninn 211
ATCRIEECLUTE .veceveieieeeeeereeetrieiee st essreesssessbrrenssssssesesassssbsenssssesssnsessssssdacbasonerasseransnnesssaneesnsns| BL1
12.2.1 Major Concepts .......cceeue vevtrerrersereeresresirresassrennsssessaaesseressssseafosdybersanessrnososuessssanassonnnnnon| 211
12.2.2 Application Perspective.........ccociiiiiniininininina el [213
12.2.3 Packet SEIUCEUTE ....oooveeeerviviiieiiireeeireensionsrreenereresersiess Sase dovassssrnessssnsssssennsssnssssosassasass| 243
DTE Physical Signaling (PLS) Specification ......c.ccccnvniinnnnrn S 214
12.8.1  OVEIVIEW coovveiiivieriitinriieniriesenessinessseossseesirseansresenegTintasessnesssarensasn verervreeneennnnenneennene| 214
12.3.2 Functional Specification........cccecivivenninivnninncieenn D Ve revrrrernrernreesessrvinsssirsrsaraneaneeene| 214
Hub SPecification .........cccceiereriereirininiiiincnnirirbtee e nesssnenesersesiosssssonnesessoiossessessens |22 1
12.4.1 OVEIVIEW cooviveiiiiriecereeirereiieensresssesserseessrsess S&ialuressineessescssaesssirssssnessorsessssesssssasssssssaessenne| B2 1
12.4,2 Hub Structure .............. . ceerreereenn ceeeens|222
12.4.3 Hub PLS Functional Specification .......x00 e eeiiiiiennenne : rerreerbennrorenenseeensniiene 222
PhyswalMedlumAttachment(PMA)Spec1ﬁcat10n ...... rerreneees crereesernresssressrrrrasresessseiesrnseenserenes| 227
12.5.1 Overview........... rrereirebeseeanes BN 4 TSNP PUO S RUSPUROOUPUPUPPRRIIRN 242
12.5.2 PLS-PMA Interface ...l esnssnssevssanossssssessensens (221
12.5.3 Signal Characteristics......... i i | G2 1
MedmmDependentInterface(MDI)Spec1ﬁcat10n.. reeerreera s reesie s st i e e e siaeenngesetesrnneenressneesivees| 2D
12.6.1  Line Interface Connector:............... 235
12.6.2 Connector Contact Ass1gnments eeerereeneeeeirteatr e e e restreresraeesatsesastesarsasssibesnraaesorsraess |OOD
12.6.3  Labeling ...ccvevervense Miurtivrerneiieenerresonesrsestesstasisenseessaressesssasesssssessnsessssessnssrasssssssernessensos | SOD
Cable Medium Characterlstlcs..... eertererereseeteteasinerereesestttetanessesestetatnenstasteatniestaretanrnrertererrrsssraee ..|236
12.7.1  OVEIVIEW ..ooo i aeieieeenireerinsonisssrsessssusssrsssansessranosssvens 236
12,72 Transmission Parameters ..........coococvceiiinne 236
12.7.3 Coupling’Parameters .......c.cocrvrvninnnn, ..|236
12.7.4  Noise Environment..........ccccecveiiverrsiinrerssasivneerssssssnennne eeivereenennens|288
Special LInNKSPecification ...t | 200
12.8.1  OTVEIVIEW ...vovviieeiuiireeieeireeresiressentesserosseeisossstnsesssenssssossnessssnnssssssasssnasessosssnsssssanssessssssssens .[238
12.8.2 ~Transmission Characteristics ..........ccccceiivuerriinne ereres et eetretaeeereeitreeeeeateaeeesasnanaaes .[238
12.8.3.\Permitted Configurations ...... rertreeeisertiesitaeeaeatrntererararte i bt aaareeiabaaresanrastesesrartanasseensnres| DO
THIDEZ . o.veveevesienrenrierenee e st st ssesre s e s re b srenaes 239
12.9.1 Overview.............. veirnenis b rrererterre bt aaresaseorenrestets eeerrarrterreeareesirenrartrneaasaeaaeas 239
12.9.2 DTE Timing ....occcceeevereriorsvrvssecserssssencens eerererereranaasast erererens ereens 239

“rerrerescsneserrsessdabdencerssrssnen

cserercns

12,10 Safety .......... rbsrreieasierannestriesaresaressentiranen crreeeesionrtseenirenesararsiranne

12.9.3 Mediumm THNENE ..vioverirciereereroiesiienmresiietiesnrerisieieseressseneessresssssseecsssassssssseosssesossnssvess SOD
12.9.4. Special Link Timing ..........coiumiiinnionininnn creeerneas rrenreerraens
12.9.5 Hub Timing.................... ....... reereeerhreisrearesseresrtsetesstavoreasasens vreeeresresertesrens cereresnrenressnneess 239
12.10.1 Isolatlon rrerrreseenbestaesbessinersraesaanrsesras e nseitessisoriineesns eeerireeresressrereeeareessabetesaarseearets ....240
12.10.2 TelephonyVoltages reerereeesieeeriabeeabeesabietebteiabetentteessresesnssersteseissseesstesersaseessrrsesnresernsres DA0

13. System Considerations for Multisegment 10 Mb/s Baseband Networks.........cccoccniiinniiiinciinninn.. 241
13,1 OVOIVIEW ...veiiivreirieieeenrreirriarsrreeareeesariosareeossesessrusssssssssassssssasssinesssaessssasssssnssssnsesssnasssrsnsasssssesssonnesrs S41

13.2 Definitions.......ccocevvvvvvvervevenins



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

SECTION ' PAGE

13.3 Transmission System MOodel.........cccvurriiiiiiiiiiiiiii sttt 241
14. Twisted-Pair Medium Attachment Unit (MAU) and Baseband Medium, Type 10BASE-T ................
141 SCOPE .ovvevreirrierreerisesessesesesirtbesesses sttt e e e sttt a bbb Lot h bbb n s
T4.1. 1 OVEEVIEW correveeiiiirereirsinereeiostareesastessssssssssisssssssasiossssssssssisssesssssiansessssntesssossnssssssssssnasensstnenes
14.1.2  DEFIMIEIONS vevevreerrreriinreiessreesrresssnissssessssssssrmesssssssssssosssssssrssssinsisssassssssssssrsssssaesossrassossssssssns
14.1.3  Application Perspective.........cvimiinimomiiiniiiieen e
14.1.4 Relationship to PLS and AUl ..o
14.2 MAU Functional SpecifiCations.......c.cccuiiiiiiniriininniiisiniisise ot
14.2.1 MAU FUDCEIONS tovvererreierreiiieerieiteesreeesstesiseeserstssimesssanesossusssssssossssisssassssbtsssssssessrsssssssssessns
(=
14.2.3 MAU State Diagrams .....c.....ccoveerimiiinnieniinneisenronsnensesnssesesneneldndi
14.3 MAU Electrical Specifications........cicvveviiiriiininiiniiiinineseninisnioieensse @it e
14.3.1 MAU-to-MDI Interface Characteristics .........ccoccivvminivnnicinnennn i oo,
14.3.2 MAU-to-AUI Specification .........cccoevininieninionininnnnnennsnnneonne e nn o
14.4 Characteristics of the Simplex Link Segment...........ccccviininnrniiiniinniepcde i, % TR
14.4.1 OVEIVIEW cuvvriiirvirrreeeiviessseessrnesistassssesssnessasesssasesssssessasessrsesssisessnnss o elreeesraneeesnesosfrserione
14.4.2 Transmission Parameters. ... SUTOTRUUIORI s e UURRRRPEROPORY RGPt
14.4.3 Coupling Parameters ...........coiveenvrinenniinie FETIURRRIE IR (S NOUIUUETUIOPPIOTNT HURRPO
14.4.4 Noise ENVIFONMENT......ccccivviniennnineeniireeaiessnionmiesinsnseesbefosfansinmnreeniinnmisesnsinen foeeeni
14.5 MDI Specification........cocvveviiiniiiinrinininnienenenenenen (o0 Weeerresrrnernnrensnessorarsneseessfieeasions
14.5.1 MDI CONNECLOTS .oecc.eivveerererirreriieenireeesssesssassssinssisesssade@@heeesinesssssuesssnnessirsenssssessrisesfosnenans
14.5.2 Crossover FUNCHON. .....coccovvieeveenniiennneniniorenrenne S neninnnenereeniesineeenne foeennn
14.6 System Considerations ...t ierenaesnsserssrenrssnessssnnressfeennnne
14.7 Environmental Specifications .........cccoovveeiivniinin@inbeenminninininsnsnenaeneeesse o
14.7.1 General Safety ........cccccvneriiinerininnnnn ol deneen
14.7.2 NetWork Safety.....ccccveireereeioriimimine iiiemieeireesrinssirenesessstenesssssessvae esssss foanessons
14.7.83 ENVIFONINENE..cocvoviiiirrierirreeerorerrreenses faiidiecsinnneessinreesinosnssssisorestssssnnnessrensiasssrossrsnns fososanens
14.8 MAU LabeliNg .....coocvvveeeriernieneeniiniieenniendiinieneinsniesssnssssssiesssssssssnsssesnesssnesessesses donensonns
14:9 Timing SUMMATY ..vecceniiinnininininirenienfibereesenensesonioress rverreenieennesinereseesraneseenneneeneise]eresirins
FIGURES
1-1 LAN Standard Relationship:to the ISO Open Systems Interconnection (OSI)
Reference MOl ........cooc.ifiueieriireiiienecnreesieiiosseionsmenseesserenessassssiesiusssssssssssssesssssssnssorsossaserives
1-2 State Diagram Notationn EXample ...t i,
1-3 © Service Primitive NOBALIoN ......cc.ccivciiiiineeiinesmmrenniiineiiosrommesimieineessmmisssnneonmsarenfsessnenn
2-1 Service Specification: Relation to the LAN Model..........coocoveriviniuininnnnns SOREIURTRUPIY [OUCPR
3-1 MAGC Frame FOFIIAL .....cccoorviriiieiireervierreeeniressesesssioressissanessssssssansssssiosssanssisinssssansessinedossssasinn
3-2 Address Field FOrmat ......ccccvnieiieininineniecivisirmreommesesimes e rmessresnrissssssebiesisassssre fsrsosssess
4-1 MAC Sublayer Partitioning, Relationship to the ISO Open Systems Interconnectmm
(OSI) Reference Model .......ccoiiiiiiiiiieiieeinnrestsnmenie oot rseisssnassesssesss fosseesnsans
iy 4-2 CSMA/CD Media Access Control Functions ........ccccoevvervivrenisiivvivinnineeensinnnee e e
y 4-3 Relationship Among CSMA/CD Procedures .........cccieiiniinnieninnniinnsinienienonssesissneee oo
g 4-4 Control Flow Summary :
(2) TranSmitFTame ... eererernreesrenteesssasessteforesanenans 51
(D) RECEIVEFTAINE ...cvviverieenirresvereoriirariesossesosrsivonnerersisinssssssensessassssiassnsasesssraissssassssssnesssfoseroneees 52
4-5 Control Flow: MAC SUDIAYET .......coiiveiirinienriineeiiienniiisisieinienesssnssssiosiessisssrssassesssssssfossasssions 53
51 - Relationship Between the Various Management Entities and Layer Entities
According to the ISO Open Systems Interconnection (OSI) Reference Model............J....co..... 72
Fig 6-1 Service Specification Relationship to the IEEE 802.3 CSMA/CD LAN Model ... 83
Fig 7-1 Physical Layer Partitioning, Relationship to the ISO Open Systems Interconnection
(OSI) Reference MOGeL .......ccooveeveiiiiirarieeaiiensierississsssessessorstssisssssnsisssassssrassssnresssnsesssnsnens 87
Fig 7-2 Generalized MAU MOodel.......iccciiveinirinreerrersriineeeecinionmseesasssesisesainetesinessssssssessssessssssssaossnsorsaos 89
Fig 7-3 PLS Reset and Identify FUnction .......c...coivimiimniimiimniieiienisiiisesosersssinneisssesnsiessessesaes 91
Fig 7-4 PLS MO FUNCEION 1eorviireirvisreeiveriiensisiersieeessessseseessivesseionesinnnsinisenrassisssasnaesessnessanseesiossesisseoses 92
Fig 7-5 PLS Output FUNCEION....cvecciiiieciniiiiiiiieiiireiesis i besiressestsss e sssssassssssssssanisnessseseos 93
Fig 7-6 PLS INPUL FUNCEION...c.covviiiiiienieiiriinroieiiiiiniii it sbe s s b ebs s s et e sanenseatessassassassesas 97
Fig 7-7 PLS Error Sense FUNCEION ....ocuviiriiiiieeiienciereseteniieisinseessetsonasessssssosstosssstsssnsrosessiassssnesosssnssns 98

Fig 7-8 PLS Carrier Sense FUNCEOM . .......cciviviiiiieens iiesiiinreainesiuseessensssrasssssssisssnisossassssiasesssnsssssansosns 99


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

FIGURES PAGE
Fig 7-9 Interface Function for MAU with Conditioning ........c..civvvvsieniiiniinnnenieneninsinnrenenennn 100-101
Fig 7-10 Examples of Manchester Waveforms ...........oiieveeeiinnisinniinsiereieimieeerioioremmmeesisrsenmesos 102
Fig 7-11 Differential Qutput Voltage, Loaded...........cvinriiiiiininecniicnicnieeecene e sseeseresnens 104
Fig 7-12 Generalized Driver Waveform ................. eareieine e ier s se e se bt s et e R ae s i b e e e rete SR Esser et e s rartsesenbessrrane 105
Fig 7-13 Common-Mode Output VOITAZE .....coovveeiiiviciroriiiiinrcestsveeeeseresnesretsssssonesssnsssresssenssrssaesionns 105
Fig 7-14 Driver Fault Conditions........c....coounve: ettt e s e bt st sa e e e sa s e s b r e et et Tesee s e sn e s st enreestees 106
Fig 7-15 Common-Mode INDUL TSt ......cci it riereessersseisseressssssseesssessressssssssssessseens 107
Fig 7-16 Receiver Fault Conditions .........cuceiviiiciriioninnieeneeienieecreeninesoressnessnsessassorseesiessssassssesin 107
Fig 7-17 Common-Mode Transfer Impedance ..........c.cvievrreerriniiiinciiieiencieeeensesinierssssessresonssesssseios 109
Fig 7-18 Connector LOCKING POSES ......ccociiirireiiriniieiieennrerensesieesraessressnnasseseieirssaesssesssesssseessssnsssinnes 111
Fig 7-;@—Genﬁeeher81-ide-l=&tch ............................................................................................................ .112
Fig 7- Connector Hardware and AUI Cable Configuration ...........c.coccemneicriviinnnninccrennennnnnnib .112
Fig 8-1 Physical Layer Partitioning, Relationship to the ISO Open Systems Interconnection

(OSI) Reference MOel .......cccocovrviiiiereoriereniriinniesissnssnnisssniemerenessarssssssssscssersssnsessinsassthasasases .115
Fig 8-2 Interface Function: Simple MAU Without Isolate Capability .........ccoeevvivenrvenrneeniidiveeinnen, .122
Fig 8-3 Interface Function: Simple MAU with Isolate Capability ..........cccocveriveineensimehennreennrenes .123
Fig 8-4 Jabber Function........c.cievenviiicniinniniieiioninin e e seeseses s .124
Fig 8-5 Recommended Driver Current Signal Levels.......ccocviiivinininenvinnigiie ldivnveniienennasions .125
Fig 8-6 Typical Coaxial Trunk Cable Signal Waveform .............ciceineiinishadeninienioennennn, 1125
Fig 8-7 Mazximum Coaxial Cable Transfer Impedance ........ccccovveeinii B8t .127
Fig 8-8 Coaxial Tap Connector Configuration Concepts ...........ccoocvrieeeseled enrinnriveivenrereninesnsnnenirenns .130
Fig 8-9 Typical Coaxial Tap Connection Circuit .....cccoevnnriieniniinninns i reeeeresnteesraeenees .131
Fig 8-10 Maximum Transmission Path .........cccoeirieieniinneninenenssficeesoeessenesesenasesesssessesessens .132
Fig 8-111 Minimal System Configuaration ..ot e ces e .132
Fig 8-1p Minimal System Configuration Requiring a Repeater-Sét ..........cccccevverviveivinieennevinnnnennnen, .132
Fig 8-1B An Example of a Large System with Maximum Transmission Paths .........cccccovveivennnrinn, .133
Fig 8-1¢ An Example of a Large Point-to-Point Link Systemn (5140 ns) .......cccocreivvvnneeninrcrerinnanenn, .133
Fig 9-1 Repeater Set, Coax-t0-Coax Configuration ...... 0 einierieneesesnnennneenresessinennenne .137
Fig 9-2 Repeater Unit State DIiagram ........c.c.cocccerpeediiinericrnnieentinnerenninteeeeeseessesensesssnesssssssssens .144
Fig 9-3 Transmit Timer State Diagram for Port X%, u oot cierenevinesssnsesnesieens .145
Fig 9-4 TW2 State DIagram .........ccicicvveriienereiereraiheee e e rerreiiossieesssesrensesessaesssssssneeesssinnressssssasasasssssins .145
Fig 9-5 MAU Jabber Lockup Protection StateDiagram............cccocivvvrirerivernieinverinnennenneenneecennenns .145
Fig 9-6 Partitioning State Diagram for Port X.......ccccivrivicmrineinnenieioneinnessreiniresseresinionnesnnsiossesons . 148
Fig 9-7 Schematic of the Vendor-Indeperident FOIRL and Its Relationship to the

Repeater UNIb ..ottt brr e sre e sreesbaesaenessadesnaesnnnesanees .151
Fig 9-8 FOMAU Transmit, Receive, and Collision Functions State Diagram ......c..cccvreerviecniennaens .157
Fig 9-9 FOMAU Jabber Function State Diagram......... Ceerererteetee e s raeereeressoraeareie ceeertres e e rraees .158
Fig 9-1p Low Light Level Detection Function State Diagram ..........cccceceniiivnnnriecnenneenioresnrnonenns .158
Fig 101 Physical Layer Partitioning, Relationship to the ISO Open Systems Interconnection

(OSI) Reference MOGEL ...........cocovieieeiiinieioriniesionineeeneraseesensessssessseessraasssessasssseesonsasssnesnaesi .165
Fig 10-p MAU Interface FUNCHION &..iiiiveiiiiceriieiieerieniieesiteereesserssreeesrasreseereesssessaessssersaassnsesssasssasssssenss . 168
Fig 10-B Jabber Function State DIaram ............cvvvieeviverieiveiniererenisesesssesesesesesesssssssssssssnsssssarns .170
Fig 10- Driver Cutrent Signal Levels .......ccivcniiieniinineniesrenetroeeecesseeessresseesneseseessrasensassnes .173
Fig 10- Coaxial{Trunk Cable Signal WavefOorm .......cccveivirviviririninnieniienieenieniseecrnesseessesssesssseoses .173
Fig 10- Maximum Coaxial Cable Transfer Impedance .......c.ccccovvvervriernniinnnercnreeionenseeeionecensnnens . 176
Fig 10- Examples of Insulated Connector COVET.........ccoovvmerrvnniinienesiieeiiininiesisesisesesersrnssesssanases 177
Fig 10- Maximum Transfer Path ... cccenesssennesssesintisssssnesnesesssssresssessnssivesaens .179
Fig 10- The Minimum System Configuration.....c..c.ceeireiiiiviiniimieineeseenioeaen .179
Fig 10-10 The Minimum System Configuration Requiring a Repeater Set ...........cccccocveieiicinnnncinne. . 180
Fig 10-L1 An Example of a Large Hybrid System ..........ccccceereviiiieiinieiioiiiiiiiiiiiiiiiiinesiiieesseeesensenens . 180
Fig 11-1 Physical Layer Partitioning, Relatlonshlp to the ISO Open Systems Interconnection

(OST) Reference MOEL ..........coviierresiarmerarernrierersreesssessseersessseesnsasssesssesssssessnessssessssnsssessnssssses 183
Fig11-2 Broadband €Cable SYSemS .........cccocuririeereiriernisereirecsreraseesssanesrossesisteenssresassssesssseessssssssssnssons 184
Fig 11-3 Transmit Function Requirements ..........civviiveiiicririiiiiiieiiieenniienieinecnnenneeesssessnseeessesees 187
Fig 11-4 MAU State Diagram ..ot e erres et e bas s s b anessrrres 192-193
Fig 11-5 MAU Jabber State Diagram ..c...cccciieerieiiiiiiiiiiiierinreinieensessintesisseensesisesesssssessssssessssssons 194
Fig 11-6 Packet Format and Timing Diagram (AUI to Coaxial Cable INterface) .........oveeererererrerenn. 196
Fig 11-7 Spectrum Mask for RF Data Signal ..o vt 197
Fig 11-8 Transmit Qut-of-Band Power Attenuation ............cccocveiiviinerieeiinniveneeciners e cnsveeessnrians 197
Fig 11-9 Packet Format at Modulator INPutb ..ot et 200



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

FIGURES

Fig 11-10
Fig 11-11
Fig 11-12
Fig 11-13
Fig 11-14
Fig 11-15
Fig 11-16
Fig 12-1

Fig 12 2
Fig

Fig 12-4
Fig 12-5

Fig 12-6
Fig 12-7
Fig 12-8
Fig 12-9
Fig 12-10
Fig 12-11
Fig 12-12

Fig 12-13
Fig 12-14
Pig 12-15
Fig 12-16

Fig 12-17
Fig 12-18
Fig 12-19
Fig 12-20
Fig 12-21
Fig 12-22
Fig 12-23
Fig 12-24
Fig 12-25
Fig 12-26
Fig 12-27
Fig 12-28
Fig 12-29
Fig 12-30
Fig 12-31
Fig 12-32
Fig 13-1

Fig 13-2

Fig 13-3
Fig 14-1

Fig 14-2
Fig 14-3

Fig 14-4
Fig 14-5
Fig 14-6
Fig 14-7
Fig 14-8
Fig 14-9
Fig 14-10

SETAMNDIET ... eevetieeeereiseeses st eis s e s ebressessesressneasesssensasasensesbesstontesrashatostinnsestontngsrntonnortabntsersinsnsvanas
Differential Encoder .................................................................................................................
DIESCIAINDLET ...veeeveieeirersseeesseresreeestesesssessstseessesssseiarsnssistonsssissssasosnssssarasessrensesssinsoranessisinsessanss
No Collision Timing Diagram (Coax to AUD.........cccevviiiinvniiiiionne etrbeeserreeenbeeesenraesieresens
Collision Timing Diagram (RF Data to RF Collision Enforcement)..........cc.c.ocorerrevenruccrennce
Collision Timing Diagram (Coaxial Cable Interface to AUI Circuit CI) ...............................
Timing at AUI for Zero-Length Coax ..ot i
1BASES5 Relationship to the ISO Open Systems Interconnectmn (OSI) Reference
Model and the IEEE 802.3 CSMA/CD LAN Model .......cccvvriieiiniiivninmiiinemenmneniione,
Single Hub Network SO OO ST Pt SOOI RO
NETWOTK Twobevelsof Hubsmm e e e
Network Wlth Four Levels 0f HUDS ....coovvviiiririerriniininneivneeeninieinemsreionres st o eeses
Station Physical Signaling, Relationship to the ISO OSI Reference Model
and the IEEE 802.3 CSMA/CD LAN Model
DTE PLS Output FUNCHION ......ooiiiiiininininiiiiionniiiernrisiennssinenssesesnsssssivsensaadesessnenns
DTE PLS Input Function ............. retesstessiieesneseiresisevanssbasentaeteessdeseatsenei (Ogebere cserraiseeer
DTE PLS Error Sense Function ..........cceeveuu evressaersraernnorseessarirerisaierssadB Y Tneritesceroeesened
DTE PLS Carrier Sense FUNCHON .......coocivvceimmicniinmnnan S,
Examples of Manchester Waveforms ..........cccocniinniinnienini sl
Examples of Collision Presence Waveforms
Hub Relationship to the OSI Reference Model and the IEEE 802.3

CSMA/CD LAN MO ....oivevvieeeerrriniierreereerranrereesennsisessesssstnioodesossossiossarisesnssssssansissossrsnsonionss

Hub PLS Upward Transfer Function..........c.coi i,
Hub PLS Jabber Function for Port X........ccccocorinndin i evevriens rrersaeserbessrnenseeranes
Hub PLS Downward Transfer Function ............diit i nionmne b oo
Physical Medium Attachment, Relationship to the’OSI Reference Model and the
IEEE 802.3 CSMA/CD LAN Model .................................................................................
Simulated Light Load .........cc.ccooivninninn S b, epteevaresereosoninsessteniesssesesssaressens
Simulated Heavy Load .....c..cococevivnnin@iiiiiniiiiniiiisnsssessninssenenend
Differential Output Voltage, Nominal Duration BT/2 ..o
Differential Output Voltage, Duration BT...........c.ccoceivimvnininne il
Transmitter Waveform for Idle .5 v, evretseaneneres
Start-of-Idle Test Load #1.......o0ertieeiicnncienniererneeesioieemersnresesssinsmessisssssisssssisssossseosd
Start-of-Idle Test Load #2....-0 it iiririiererieresiienisieesiesisneessisisses ssiesosssessibesssnneisnes
Transmitter Impedance Balance ...
Common-Mode Output Voltage ........cciiviivniiiimniiiiinnee e
Transmitter Common-Mode Tolerance .............cuvvennnn reerriseeennrerens rrerreieereenreesseeesesend
Common-Mode ImPulse TSt .......cciviiniinmiriiriormi s sessisnssesned
Receiver Signal ENVElope. .......cccoiviiiiimiiiiiininiiiei it ssnssssnesinenssseens wrereeesd
Receiver Common-Mode ReJECtion ......ccooveeriiiiciininivininieiieinniiinmsenessinnees
DTE and HUD Conmnector......cccovevieeireereenuisresreerionsessessiesisnemmesanmionisssasonssosssssson
Cable COMNECLOT ....ccovvveirreriiriireereerreeronrrvesisessienarsssiissisineiistossesisassastsissssrsnsssssesssasirssssd
CableBAIANce TeSt.......vvvieeeierrrirereriienieesieesraessrrseestesseiosstosssesiesissassssessessiisisrssersossssssss
Maximum Transmission Path with Three Coaxial Cable Segments ........c.cccoveviieiennes
Example of Maximum Transmission Path Using Coaxial Cable Segments,
10BASE-T Link Segments, and Fiber Optic Link Segments..........c..ccovevvinininnnniidncine
Example of Maximum Transmission Path with Three Repeater Sets, Four
Link Segments (Two are 100 m 10BASE-T and Two are 1 km Fiber) ......c.cccocoonnnn b
10BASE T Relationship to the ISO Open Systems Interconnection (OSI)
ence Model and the 80 MA D LAN Model . .ooieiiiiiieiiiniiieieniceieeeereredinenenes
’I‘Wlsted Pair LINK .cooooieiiiierrrecee st ineseseesneeesinessnesessnessnees errervereisensnnnerssteeasrranessenessnred
MAU Transmit, Receive, Loopback and Collision Presence Functions
StALE DIAGTAIN ..cvveevivieeriiiiniiiei ittt sttt an e b e s st ea bt st
signal_quality_error Message Test Function State Diagram ..........ccccceeeiiiiiniieesiininnninnen
Jabber Function State DIagraml .. ..c.c.ccvrrieivcineniiiiciisini i sssssisisonsssses i
Link Integrity Test Function State Diagram ...,
Twisted-Pair Model .........ccoviiiiirnreenioerimnreeiie et siesiesisisisiirssessssosrissssnossessnsessrassssns
Differential Qutput Voltage Test ..o e
Voltage TempPlate ..........ccvviciriiiiiiiiiiiei e s sbe s e ase st sas et se e ens
Transmitter Waveform for Start of TP_IDL........cccccevmvmmveiniinecniniien e, rererseeereraneness



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

FIGURES PAGE
Fig 14-11 Start-of-TP_IDL Test Load ........cccociviieiirereinniirerniesescressiieesssiessssecereinssssasnsssssesessssssnnssesssanes 260
Fig 14-12 Transmitter Waveform for Link Test PulSe .........ccccoccrverniervrmriirceneenerennineeseninsnesernessvessenes 261
Fig 14-13 Transmitter Impedance Balance and Common-Mode Rejection Test Circuit ...................... 262
Fig 14-14°  Common-Mode Output Voltage Test Circuit ........ccovvniiiiniiiiniiiiiicnieen 262
Fig 14-15 Transmitter Fault Tolerance Test Circtit.........c.ccevvrerrcrviniicnerivinionnitrerencecrieseseneeseesinns 263
Fig 14-16 Receiver Differential Input Voltage—Narrow PulSe.....ccccvvvniiioninnirninesiinneennneceneeennennen 264
Fig 14-17 Receiver Differential Input Voltage—Wide Pulse ........coovviviieniiinnnicncnninioniennenenee 264
Fig 14-18 Receiver Common-Mode Rejection Test Circuit .......cioiveeiiiiniceciieninieniniemmneserieeeeneenn 265
Fig 14-19 Common-Mode Impulse Test Circuit ........cc.covveverinniininnniiiniicie e entereiressie e aeseenees 265
Fig 14-20 MAU MDI Connector ........c.cccoiimuiirivenensennns evesterteeaeeseene e e e saie s e e st as e eesbae e ne e et e nrassheeennen 268
Fig 14-21 Twisted-Pair Link Segment Connector . 268
Fig 14-R2 Crossover Function
(a) External Crossover FUNCEION ........cccciiiieiiuenioieetevenreeersseneesrsneseseseessessnesnssae sdnFioee .269
(b) MAU-Embedded Crossover Function ......... rrersressesernesraessssessaessrsesasessarsinessanssrrred QG Taveess . 269
TABLES
Table §-1 Generation of Collision Presence Signal........c.ccccovviinivinneroninniioninees ot eseenresssennnisonis .119
Table -1  Maximum Allowable Timing Budget Contributions to the FOIRL System ‘
Timing Budgetb........cocvviiveieinneinieriiencciiceeeninerecinnsetsneesneessenssssfafosmsessensssresoneesisnesesaesns . 162
Table 10-1  Generation of Collision Presence Sighnal.........ccccocviviierinrernneiinomidosineenisconnnessseessronn .169
Table 31.2-1 Single-Cable Frequency Allocations (Frequencies in MHz)..... oot ccvoniniviciecnnncnnencnn .198
Table 11.2-2 Dual-Cable Frequency Allocations (Frequencies in MHZ)...... 57 ccooviiecenniicnennieesvnennnieenns . 199
Table 11.4-1 Broadband Dual-Cable Systems—Physical Layer Delay Budget.........ccoccovverrvrinriernivrionens .206
Table 11.5-1 Cable System Electrical Requirements...........cocoviiiinsSdinnninimnenmmnnnen, . 207
Table 11.6-1 Frequency Translator Requirements .............ccourminsdoscrnieineniomiiomsseei . 207
Table 13-1 Delays for Network Media Segments.......cccccevvvee i boreeniieririnimiieeneiionsmeessmiesimmes e . 241
Table 14-1 Voltage Template Values for Fig 14-9......... reerr e N e e et e nre et eerrbeee s bbreare e raaeesasbraateasesrbrtrnas . 259
Table 14-2 Mazimum Timing Parameters .........cccuiiiieepmiecdorsiivresimenserersnsisimisersesessenssosssaassssiassssssnes . 272
ANNEX
Additignal Reference Material...............coccvervvevriven s dBotunnnns Gvieeessrertrsesessuesistetesisneessrersesitieranaeessntansessesaessians . 273
APPENIDIXES
A, SyStemn GUIAEINES. . .c.ocovvieierrereeieenreiateeeeerseesseessreeseesresssesseresassssetsansssaesnnsesssrssassossesssasssnessres asesssneesd . 275
Al]l Baseband System Guidelines and Concepts.........cccviieerrrririnieriadineeneennerensresereesaesereesosaasnees . 275
A1l Overall System OBJECtIVES .....ccevveriuriiiioiiirersinrrsieinernnesiietesrteeteoraeeetseresseessressasnssoreses] . 275
Al1.2  Analog SystenyComponents and Parameter Values.........oicevivnniiiciniiiincinniicion, . 275
Al.3 Minimum Frame Length Determination .........c.cccccvcivirvvneeniiennieensonecninieensnnresonessosnns . 276
Al4d  System Jitber Budgets........ocoviniviiiicniininmiiiiiiiniinis s . 278
A2l System Parameters’and Budgets for 1IBASES ........ccvvviiiiiiiniiiiiinnnnnnnd . 280
A2.1  DelayBudgetl .....ccoeceiviureriecreiierieirieeniicrireesiesiee et ssieessssat e esssseersssiaessesbesssssssensenresd . 280
A2.2 Minimam Frame Length Determination.........ccocccvviivininienrcrnnnnnnsivnnnnnieersnnncnneceannnp 281
A2.3  JEHET BUAZEb.....coieiiiiiiiiniiiciirinitiiee e csinesiresresaseeeressnrsenesaeretonsesaesensetnaaseneesnassnnnesesonsd . 282
A3| Example Crosstalk Computation for Multiple Disturbers .........ccoccovvinniniiniinninnnnn . 283
Al TOBASE- T .....cooviireteeeiriiiisieniessrsessesssasssssisessaesssessseestesssiossesssaesseessasesnsessessssnsosrassssssssessnsssassssesssd . 284
A4;1.  System Jitter Budget ......c.cocvviiiiininivinmiiiniiiinieseenssnssssssnsesssen . 284
A4:2  Filter CharacteriStiCs ......cvveeeiecrnreiiiiiiiininirerenieensineionsesieerniiesseness sonesrsesesosressssssnaesend . 285
“7A4.3 Notes for Conformance TESEING ...........cooueeeuveviveereieirrenierrreeirionieeesreorseesreeersrossnssrsseossrnes . 285
B. State Diagram, MAC SUDIAYET........c.cociviiirmirnieeciiniientensnesseeseniseestesseesstesseesasesssetessasseessreacssiosssasesaes 287
Bl Introduetion . ..cccvii i et resirtersinrereesiresesirtseesstneesesranessesnrenesesiranes sreanaseessaranesisessrneteseensseares 287
B2. CSMA/CD Media Access Control State Machine OVervieW.......cc.occiviviirerceeiiinesirereessineeessvanesnne 287
B2.1° Transmit Component OVEIVIEW ..........cciceviiniricemiiiiieiieiiteiseeneresereseresseeeeraessneesassesnns 287
B2.2  Transmit Component Event Descriptions..........cccvcvreireereciuiinverenieroniuieosiseeeesiseseenssseens 287
B2.3 Transmit Component Action Descriptions.........cccviveviriiiirreiniecniniieniieicneessecossssesessns 289
B2.4 Transmit Component State Descriplions........ccvcccervveercirvvniireinenesseeneeieenenesnesensessnes 289
B3. Receive Component OVEIVIEW .........ccorvveieirviniieivrerneeesessareseersresssessrsnsasesssesssressesssassssnsssaessssssnses 290

B3.1  Receive Component Event Descriptions ...........c.cceeeererereiervennereriesereneissebesenseessessossnns 290


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

APPENDIXES PAGE

B3.2 Receive Component Action Descriptions ...t s 290
B3.3 Receive Component State Descriptions ... 291

C. Application Context, Selected Medium SPECIfiCAtiONS ......ovcviviiiireee s 202
CL.  IIETOQUCHION ..vvveeivsiaesesesieesesaseseotsaossasnssesessresssemeses e b e Ea LA b SR s e b e H g eSS 292
C2. Type 10BASES ApPHCALIONS. ......civrmmiimmsimmussseriissisimssssisss s st 292
C3. Type 10BASE2 ADPPLCAtIONS. ..uvurreiseeutuseriiimssinniiininsstissns sttt s 293
C4. Type FOIRL APPLCALIONS ....oucvvevvssesensiisiiniiisinisiis st sttt 293

D. Receiver Wavelength Design Considerations ... 294

| APPENDIX FIGURES ’

Fig Al Maximal System Configuration Bit Budget Apporti'onments .........................................

Fig A2 ‘Typical Signal Waveforms .........coveereeneieiiiniiiiecsblo .

Fig A3 Worst-Case Signal Waveform Variations ...l

Fig A4 MDNEXT Cumulative Probability Distribution ...,

Fig B1 Transmit Component State Diagram..........ccevvcionniiinsiiin it

Fig B2 * Receive Component State Diagram. ...t g, eeerheenerenes

APPENDIX TABLES

Table Bl =~ Transmit Component State Transition ... o 288

Table B2 Receive Component State Transition........ccocceveecrncses @y 290



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

Information technology—Local and metropolitan

area networks—

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

1.1 Oven

LL1E

access method is the means by which two or more stations share a common transmission medium

transmi
ting) an
sage co
additio

for a ra
method

This i$ a comprehensive standard for Local Area Networks, employing CSMA/CD as the access met

This sta;
to 20 M
broadbal

Iayer specifications
1. Introduction

'view

., a station waits (defers) for a quiet period on the medium (that is, noyother station is transi
l then sends the intended message in bit-serial form. If, after initiating a transmission, the n
ides with that of another station, then each transmitting station intentionally sends a

1 bytes to ensure propagation of the collision throughout the system. The station remains si
hdom amount of time (backoff) before attempting to transmit again. Each aspect of this ac
process is specified in detail in subsequent sections of this'standard.

ndard is intended to encompass several media types and techniques for signal rates of from 1
b/s. This edition of the standard provides the necessary specifications for 10 Mb/s baseband
nd systems, a 1 Mb/s baseband system, and a Repeater Unit.

112

responding to

1
(2) I

This standard is organized along-architectural lines, emphasizing the large-scale separation of the gys-
two parts: the Media~Access Control (MAC) sublayer of the Data Link Layer, and the Phy£cal

tem intd
Layer. T
tems Inft]
MAC su
model.

1.1.2

(1) ¢

chitectural Perspectives. There are two important ways to view local area network design

chitecture. Emphasizing the logical divisions of the system and how they fit together.
plementation. Emphasizing actual components, their packaging and interconnection.

hese layers are intended to correspond closely to the lowest layers of the ISO Model for Open §
erconnection (se€Fig 1-1). See ISO 7498:1984 [10].! The Logical Link Control (LLC) sublayer
blayer together éncompass the functions intended for the Data Link Layer as defined in the

.1 An architectural organization of the standard has two main advantages:

Jarity. A clean overall division of the design along architectural lines makes the standard clear

basic Concepts. The Carrier Sense Multiple Access with Collision Detection (CSMA/CD) media

To
mit-
hes-
few
ent
bess

od

bls
and

cor-

Bys-
and
DS1

BT,

(2) Flexibility. Segregation of medium-dependent aspects in the Physical Layer allows the LLC and
MAC sublayers to apply to a family of transmission media.

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

1 The numbers in brackets correspond to those of the references listed in 1.3; when preceded by A, they correspond to those listed in
the Annex.
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ISO/IEC 8802-3 : 1993
ANSI/IEEE Std 802.3, 1993 Edition

LOCAL AND METROPOLITAN AREA NETWORKS:

osl LAN
REFERENCE CSMA/CD
MODEL LAYERS
LAYERS
APPLICATION HIGHER LAYERS
PRESENTATION LLC
/ | LOGICAL LINK CONTROL
SESSION \_DTE OTE
r (AU not
T A NORART exposed)
THARINOT O 4
NETWORK
DATA LINK
, MAUY
PHYSICAL ]
- MDI

Layer.

ATTACHMENT UNIT INTERFACE
EDIUM ATTACHMENT UNIT
EDIUM DEPENDENT INTERFACE
HYSICAL MEDIUM ATTAGHMENT

0

LAN Standard Relationship to the-ISO Open Systems Interconnection
(0OSI) Reference Model ‘

Fig 1-1

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, however, shall be addressed largely in terms of the
iniplementation interfaces: compatibility.

1.1.2.2 Two important compatibility interfaces are defined within what is architecturally the¢ Physical

1) Medium-Dependent. Interface (MDI). To communicate in a compatible manner, all stations shall
adhere rigidly td the exact specification of physical media signals defined in Section 8 (anfl beyond)
in this standard) and to the procedures that define correct behavior of a station. The medjum-inde-
pendent aspects of the LLC sublayer and the MAC sublayer should not be taken as detragting from
this point; communication by way of the ISO 8802-3 [IEEE 802.3] Local Area Network requires com-
plete compatibility at the Physical Medium interface (that is, the coaxial cable interface).

2) Attackment Unit Interface (AUI). 1t is anticipated that most DTEs will be located som¢ 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 comipatibility

interface. While conformance with this interface is not strictly necessary to ensure communication,
it is highly recommended, since it allows maximum flexibility in intermixing MAUs and DTEs. The
AUI may be optional or not specified for some implementations of this standard that are expected to
be connected directly to the medium and so do not use a separate MAU or its interconnecting AUI
cable. The PLS and PMA are then part of a single unit, and no explicit AUI specification is required.

113 Layei‘ Interfaces. In the architectural model used here, the layers interact by way of well defined
interfaces, providing services as specified in Sections 2 and 6. In general, the interface requirements are as

follows:
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(1) The interface between the MAC sublayer and the LLC sublayer includes facilities for transmitting
and receiving frames, and provides per-operation status information for use by higher-layer error
recovery procedures.

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

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

1.14 £ :
comime c1al and hght 1ndustr1al Use of CSMA/CD LAN sin home or heavy 1ndustr1al env1ronments while
not pre¢luded, is not considered within the scope of this standard.

1.2 Notation

1.2.1 Btate Diagram Conventions. The operation of a protocol can be described by subdividing the| pro-
tocol info a number of interrelated functions. The operation of the functions can be described by statel dia-
grams. [Each diagram represents the domain of a function and consists of a groip of connected, mutnally
exclusiye states. Only one state of a function is active at any given time (see Fig'1-2).

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

Key: () = condition, forexample, (if no_collision)
[ 1 = action, for,example, [reset PLS functions]
«» = logicahAND
+ = logical OR
Tw = Wait Time, implementation dependent
Td =\Delay Timeout
="Backoff Timeout

UCT = unconditional transition

Fig 1-2
State Diagram Notation Example

by a horizontal line. In the upper part the state is identified by a name in capital letters. The lower jpart
containg ‘the name of any ON signal that is generated by the function. Actions are described by short
phrases and enclosed in brackets.

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

State transitions and sending and receiving of messages occur instantaneously. When a state is entered
and the condition to leave that state is not immediately fulfilled, the state executes continuously, sending
the messages and executing the actions contained in the state in a continuous manner.

Each Etate that the function can assume is represented by a rectangle. These are divided into two parts -
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Some devices described in this standard (e.g., repeaters) are allowed to have two or more ports. State
diagrams capable of describing the operation of devices with an unspecified number of ports, required qual-
ifier notation that allows testing for conditions at multiple ports. The notation used is a term that includes
a description in parentheses of which ports must meet the term for the qualifier to be satisfied (e.g., ANY
and ALL). It is also necessary to provide for term-assignment statements that assign a name to a port that
satisfies a qualifier. The following convention is used to describe a term-assignment statement that is asso-
ciated with a transition: :

(1) The character “” (colon) is a delimiter used to denote that a term assignment statement follows.
(2) The character “<=” (left arrow) denotes assignment of the value following the arrow to the term pre-
ceding the arrow.

he -a1a ams-containthe-authoritative statement ¢ he nctions they depict; when apparent con-
fligts between descriptive text and state diagrams arise, the state diagrams are to take precédgnce. This
dops not override, however, any explicit description in the text that has no parallel in the state diagrams.

[he models presented by state diagrams are intended as the primary specifications of the functjons to be
prpvided. It is important to distinguish, however, between a model and a real implementation. The models
arg optimized for simplicity and clarity of presentation, while any realistic impleméntation may place
hepvier emphasis on efficiency and suitability to a particular implementation technology. It is [the func-
tional behavior of any unit that must match the standard, not its internal structure. The internal|details of

the model are useful only to the extent that they specify the external behavior clearly and precisdly.

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
degcribing the service primitives and parameters that characterize-each service. This definition pf service
is independent of any particular implementation (see Fig 1-3).

LAYER N LAYER N
SERVICE USER SERVICE USER
LAYER N-1
SERVICE PROVIDER
—_—
w REQUEST
=
'—
INDICATION
Fig 1-3

Service Primitive Notation

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

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

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

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

1.2.3 Physical Layer and Media Notation. Users of this standard need to reference which partidular
implempgntation is being used or identified. Therefore, a means of identifying each impleméntation is given
by a simple, three-field, type notation that is explicitly stated at the beginning of each relevant sectii. In
general| the Physical Layer type is specified by these fields:

<datg rate 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 Phygical
Layer specification will state its own unique TYPE identifier along-similar lines,

1.24 | Physical Layer Message Notation. Messages generated within the Physical Layer, either
within gr between PLS and the MAU (that is, PMA circuitry), are designated by an italic type to desighate
either form of physical or logical message used to execute‘the physical layer signaling process (for example,
inpui_idle or mau_available).

1.3 References

[1] CISPR Publication 22 (1985), Limitg and Methods of Measurement of Radio Interference Characteris-
tics of Information Technology Equipment:2

[2] IEC Publication 96-1, Radio-frequency cables, Part 1: General requirements and measuring methdds.?

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

tors with inner.diameter of outer conductor 6.5 mm (0.256 in) with bayonet lock—Characteristic imped-
ance 50 ohms“(Type BNC); Part 16: Radio-frequency coaxial connectors with inner diameter of outer
conductpr 7mm (0.276 in) with screw coupling—Characteristic impedance 50 ohms (75 ohms) (Type N).

[4] IEC Publication 169-8 and -16, Radio-frequency connectors, Part 8: Radio-frequency coaxial conEec-

[5] © IEC Publication 380, Safety of electrically energized office machines.

[6] IEC Publication 435, Safety of data processing equipment.

2CISPR documents are available from the International Electrotechnical Commission, 3 rue de Varembé, Case Postale 131, CH
1211, Genéve 20, Switzerland/Suisse. CISPR documents are also available in the United States from the Sales Department, American
Natlonal Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.
SIEC publications are available from IEC Sales Department, Case Postale 131, 3 rue de Varembé, CH-1211, Genéve 20, Switzer-
land/Suisse. IEC publications are also available in the United States from the Sales Department, American Natlonal Standards Insti-
tute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.

35


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

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

[7} IEC Publication 807-2, Rectangular connectors for frequencies below
3 MHz, Part 2: Detail specification for a range of connectors with round contacts—Fixed solder contact

types.

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

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

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

[11] IEC Publication 60, High-voltage test techniques.
[12] IEC Publication 68, Environmental testing.

(181 IEC Publication 793-1, Optical fibres, Part 1: Generic specification.

[14] IEC Publication 793-2, Optical fibres, Part 2: Product specifications:?
(151 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 classification, requirements, and
er’s guide.

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

[

—

—

|9] IEC Publication 874-2, Connectors/for optical fibres and cables, Part 2: Sectional specificatipn for fibre
optlc connector type F-SMA. '

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

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

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

A1.nnex A

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

&

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

5 Subsection 9.9 is to be read with the understanding that the following changes to IEC Publication 793-2 [14] have been requested

(1) Correction of the numerical aperture tolerance in Table III to £ 0.015.
(2) Addition of another bandwidth category, of 2 1560 MHz referred to 1 km, for the type Alb fiber in Table III.
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2. MAC Service Specification

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

osl LAN
REFERENCE MODEL CSMA/CD
LAYERS LAYERS
APPLICATION ©  HIGHER LAYERS
PRESENTATION LLC
, / | LOGICAL LINK CONTROL
/
SESSION , ’ |mepia access controL| & ptE > bTE
/ e (AUI noctj)
expose:
TRANSPORT r /| PHYSICAL SIGNALING
‘o, . 1 .
NETWORK / : :
/ : AUl
/ : :
DATA LINK / : _— :
PMA MAU
PHYSICAL |
1 MD!I

T 4 MEDIUM 4

AUl = ATTACHMENT UNIT INTERFACE
MAU = MEDIUMATTACHMENT UNIT

MDI = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT

: Fig 2.1
Service Specification Relation to the LAN Model

2.2 Overview of the Serviece
2.2.1 General Description of Services Provided by the Layer. The serviceé provided by the MIAC

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

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

2.2.3 Overview of Interactions

MA_DATA request
MA_DATA indication

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

2.3.1 MA_DATA.request

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

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

- MA_DATA request (
' : destination_address,
m_sdu,

service_class

)

The destination_address parameter may specify either an individual or a group MAC entity address. It
miist contain sufficient information to create the DA field that is appended to theframe by the lpcal MAC
suplayer entity and any physical information. The m_sdu parameter specifies the(MAC service ddta unit to
bel transmitted by the MAC sublayer entity. There is sufficient information associated with m_sdu for the
MAC sublayer entity to determine the length of the data unit. The servicé/class parameter irjdicates a
qulality of service requested by LLC or higher layer (see 2.3.1.5). '

2.8.1.3 When Generated. This primitive is generated by the LLC sublayer entity whenever dlata shall
bel transferred to a peer LLC entity or entities. This can be in fesponse to a request from higher protocol
layers or from data generated internally to the LLC sublayer;,such as required by Type 2 service. '

2.3.1.4 Effect of Receipt. The receipt of this primitive will cause the MAC entity to append all MAC
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.

2.3.1.5 Additional Comments. The €SMA/CD MAC protocol provides a single quality ¢f service
regardless of the service_class requested;

.3.2 MA_DATA.indication

2.3.2.1 Function. This primitive defines the transfer of data from the MAC sublayer entity t¢ the LLC
suplayer 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 an individual or a group address as specified by the
DA field of the incoming frame. The source_address parameter is an individual address as specified by the
SA field of the incoming frame. The m_sdu parameter specifies the MAC service data unit as received by
the local MAC entity. The reception_status parameter is used to pass status information to the peer LLC

sublayer entity.

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

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

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

and globally administered addresses.

3.1.1 MAC Frame Format. Figure 3-1 shows the eight fields of a frame: the preamble, Start-Frame
Delimiker (SFD), the addresses of the frame’s source and destination, a length field to indicate thelength of
the following field containing the LL.C data to be transmitted, a field that contains padding if required, and
the frame check sequence field containing a cyclic redundancy check value to detect errors-in recpived
frames, Of these eight fields, all are of fixed size except the LL.C data and PAD fields, which may contain
any integer number of octets between the minimum and maximum values determined by the specific

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

7 OCTETS

10CTET
2 OR 6 OCTETS

2 OR 6 OCTETS

2 OCTETS

4 OCTETS

LsB

The 1mi

PREAMBLE

SFD

DESTINATION
ADDRESS

SOURCE
ADDRESS

LENGTH

LLC DATA

PAD

FRAME CHECK SEQUENCE

b0  BTSWTHIN b/

OCTETS WITHIN

FRAME TRANSMITTED
TOP-TO-BOTTOM

MSB

FRAME TRANSMITTED
LEFT-TO-RIGHT ~——>

Fig 3-1

MAC Frame Format

tion address field through the frame check sequence field, inclusive.
Relative to Fig 3-1, the octets of a frame are transmitted from top to bottom, and the bits of each octet are

transmitted from left to right.

3.2 Elements of the MAC Frame

tina-

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

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

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

(1) Each address field shall contain either 16 bits or 48 bits. However, at any given time, the Source and
" Destination Address size shall be the same for all stations on a particular local area network.
(2)  The support of 16 or 48 b1t address 1ength for Source and Destmatlon Address shall be left to the

both sizes.

3) The first bit (LSB) shall be used in the Destination Address field as an address type(desig
to identify the Destination Address either as an individual or as a group address: In the Source
Addpress field, the first bit is reserved and set to 0. If this bit is 0, it shall indieate’that the address
field contains an individual address. If this bit is 1, it shall indicate that the address field ¢ontains a
group address that identifies none, one or more, or all of the stations connécted to the Jocal area
network.

4) For 48 bit addresses, the second bit shall be used to distinguish betweén locally or globally adminis-
tered addresses. For globally administered (or U, universal) addresses, the bit is set tp 0. If an
address is to be assigned locally, this bit shall be set to 1. Note(that for the broadcast address, this
bit is also a 1.

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

48 BIT ADDRESS FORMAT

/G u/L 46 BIT ADDRESS

16 BIT ADDRESS FORMAT

I7G 15 BIT ADDRESS
{/G..= 0 INDIVIDUAL ADDRESS
1/G =1 GROUP ADDRESS
U/L = 0 GLOBALLY ADMINISTERED ADDRESS
U/L = 1 LOCALLY ADMINISTERED ADDRESS
Fig 3-2
Address Field Format

3.2.3:1>Address Designation. A MAC sublayer address is of one of two types:

1Y) 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 net-
-work. There are two kinds of multicast address:
(a) Multicast-Group Address. An address associated by higher-level convention with a group of log-
ically related stations.
(b) Broadcast Address. A distinguished, predefined multicast address that always denotes the set
of all stations on a given local area network.

All I’s in the Destination Address field (for 16 or 48 bit address size LANs) shall be predefined to be the
Broadcast address. This group shall be predefined for each communication medium to consist of all stations
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actively connected to that medium; it shall be used to broadcast to all the active stations on that medium.
All stations shall be able to recognize the Broadcast address. It is not necessary that a station be capable of
generating the Broadcast address.

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

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

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

3.2.6 Length Field. The length field is a 2-octet field whose value indicates the number of LLC| data
octets n the data field. If the value is less than the minimum required for proper operation of .the protocol,
- a PAD|field (a sequence of octets) will be added at the end of the data field but prior to the FCS field, $peci-
fied below. The procedure that determines the size of the pad field is specified in 4.2.8:The length fipld is
transnpitted and received with the high order octet first.

3.2.7 Data and PAD Fields. The data field contains a sequence of n octets)Full data transparency is
provided in the sense that any arbitrary sequence of octet values may appear. in the data field up to amax-
imum number specified by the implementation of this standard that is‘used. A minimum frame sjze is
required for correct CSMA/CD protocol operation and is specified by the particular implementation ¢f the
standdrd. If necessary, the data field is extended by appending extra bits (that is, a pad) in units of qctets
after the LLC data field but prior to calculating and appending the ' FCS. The size of the pad, if any, is deter-
mined |by the size of the data field supplied by LLC and the minimum frame size and address size patame-
ters of|the particular implementation. The maximum size of the data field is determined by the maximum
frame pize 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 + 2
x addressSize + 48)) bits. The maximum possible size.of the LLC data field is maxFrameSize ~ (2 x address-
Size + 48)/8 octets. See 4.4 for a discussion of implementation parameters; see 4.2.3.8 for a discussion ¢f the
minFrameSize.

3.2.8 Frame Check Sequence Field: Ajcyclic redundancy check (CRC) is used by the transmit and
receivg algorithms to generate a CRC value for the FCS field. The frame check sequence (FCS) field con-
tains d 4-octet (32-bit) cyclic redundancy check (CRC) value. This value is computed as a function df the
contents of the source address, destination address, length, LL.C data and pad (that is, all fields except the
preamble, SFD, and FCS). Theencoding is defined by the following generating polynomial.

G(x)|=x32 + x26 4 %23 4 g224 x16 1 x12 4 x11 4 310 . x8 4 xT 4 xB 4 x4 4 x2 +x+ 1

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

EU

(1) [The first{32'bits of the frame are complemented.
(2) [The n bits of the frame are then considered to be the coefficients of a polynomial M(x) of degre¢ n-1.
The first bit of the Destination Address field corresponds to the x(®D term and the last bit df the
data field corresponds to the x0 term.)

(3) M(x) is multiplied by x4 and divided by G(x), producing a remainder R(x) of degree <31.
(4) The coefficients of R(x) are considered to be a 32-bit sequence.

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

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

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

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

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

1 The frame length is inconsistent Wlth the length field.

lll. 10115 U1L. .
(3) The bits of the incoming frame (exclusive of the FCS field itself) do not generate a CRCGvalue identi-
cal to the one received. ,

The contents of invalid MAC frames shall not be passed to LLC. The occurrence of invalid MAC frames
mpy be communicated to network management.
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4. Media Access Control
4.1 Functional Model of the Media Access Control Method

4.1.1 Overview. The architectural model described in Section 1 is used in this section to provide a func-
tional description of the Local Area Network CSMA/CD MAC sublayer.

The MAC sublayer defines a medium-independent facility, built on the medium-dependent physical facil-
ity provided by the Physical Layer, and under the access-layer-independent local area network LLC sub-
layer. tt 1s applicable to a general class of local area broadcast media suitable for use with the media access
discipline known as Carrier Sense Multiple Access with Collision Detection (CSMA/CD).

The|LLC sublayer and the MAC sublayer together are intended to have the same function ag that
described in the OSI model for the Data Link Layer alone. In a broadcast network, the notion-of a dath link
betwedn two network entities does not correspond directly to a distinet physical connection. Neverthieless,
the partitioning of functions presented in this standard requires two main functions generally asso¢iated
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 allocation (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 receptjon in
terms 0f the functional model of the architecture. This overview is descriptive, rather than definitiondl; the
formal| specifications of the operations described here are given in 4.2 and 4.3. Specific implementatiops for
CSMA/CD mechanisms that meet this standard are given in 4.4. Figure 4-1 provides the archite¢tural
model described functionally in the sections-that follow.

The [Physical Layer Signaling (PLS) component of the Physical Layer provides an interface to the MAC
sublaygr 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 concise spe¢ifica-
tion oflthese functions is given(in /4.2 for the MAC functions and in Section 7 for PLS.

Transmit frame operations) are independent from the receive frame operations. A transmitted frame
addresdsed to the originating station will be received and passed to the LLC sublayer at that station] This
characteristic of the MAG ‘sublayer may be implemented by functionality within the MAC sublayer qr full
- duplex characteristics.of portions of the lower layers.

4.1.2.1 Normal Operation

.1:2.1.1 Transmission Without Contention. When a LLC sublayer requests the transmission of a
frame,| thie Transmit Data Encapsulation component of the CSMA/CD MAC sublayer constructs theogame
from the LLC-supplied data. It appends a preamble and a start of frame delimiter to the beginning of the
frame. Using information passed by the LL.C sublayer, the CSMA/CD MAC sublayer also appends a PAD at
the end of the MAC information field of sufficient length to ensure that the transmitted frame length satis-
fies a minimum frame size requirement (see 4.2.3.3). It also appends destination and source addresses, a
length count field, and a frame check sequence to provide for error detection. The frame is then handed to
the Transmit Media Access Management component in the MAC sublayer for transmission.

Transmit Media Access Management then attempts to avoid contention with other traffic on the medium
by monitoring the carrier sense signal provided by the Physical Layer Signaling (PLS) component and
deferring to passing traffic. When the medium is clear, frame transmission is initiated (after a brief inter-
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Fig 4-1
MAC Sublayer Partitioning, Relationship to the ISO‘Open Systems Interconnectign
(OSI) Reference Model

e delay to provide recovery time for other CSMA/CD MAC sublayers and for the physical medium).
Thd MAC sublayer then provides a serial stream of bits to the PLS interface for transmission.
e PLS performs the task of actually generating the electrical signals on the medium that represent the
bitd of the frame. Simultaneously, it monitors the medium and generates the collision detect signal, which,
in the contention-free case under discussion,#emains off for the duration of the frame. A functional|descrip-
tion of the Physical Layer is given in Sections 7 and beyond.
en transmission has completed without contention, the CSMA/CD MAC sublayer so informs the LLC
subjayer using the LLC to MAC interface and awaits the next request for frame transmission.

4.1.2.1.2 Reception Without Contention. At each receiving station, the arrival of a framp is first
detg¢cted by the PLS, whichesponds by synchronizing with the incoming preamble, and by turning on the
cartier sense signal. As the-encoded bits arrive from the medium, they are decoded and translated back
intd binary data. The PLS passes subsequent bits up to the MAC sublayer, where the leading bits| are dis-
cardled, up to and including the end of the preamble and Start Frame Delimiter.
eanwhile, the Receive Media Access Management component of the MAC sublayer, having gbserved
cartier sense, has been waiting for the incoming bits to be delivered. Receive Media Access Mangagement
collpcts bits from the PLS as long as the carrier sense signal remains on. When the carrier sense gignal is
renfoved, the frame is truncated to an octet boundary, if necessary, and passed to Receive Data Defapsula-
tion] for'processing.
ceive Data Decapsulation checks the frame’s Destination Address field to decide whether the frame
should be received by this station. If so, it passes the Destination Address (DA), the Source Address (SA),
and the LLC data unit (LLCDU) to the LLC sublayer along with an appropriate status code indicating
reception_complete or reception_too_long. It also checks for invalid MAC frames by inspecting the frame
check sequence to detect any damage to the frame enroute, and by checking for proper octet-boundary
alignment of the end of the frame. Frames with a valid FCS may also be checked for proper octet boundary
alignment. ‘

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

In the event of a collision, the transmitting station’s Physical Layer initially notices the interference on
the medium and then turns on the collision detect signal. This is noticed in turn by the Transmit Media
Access Management component of the MAC sublayer and c0111s1on handlmg begms First, Transmlt Media

) AcceSs ------ N ¥ q “Wal> 0 m am nta..
tion thg
ficient to be noticed by the other transmitting statlon(s) involved in the collision. After the jamis $ent,
Transmit Media Access Management terminates the transmission and schedules another transmigsion
attempt :
collisio

loaded.
At the receiving end, the bits resulting from a collision are received and decoded by the PLS just ag are

the bits|of a valid frame. Fragmentary frames received during collisions are distinguished from valid trans-
missions by the MAC sublayer’s Receive Media Access Management¢omponent.

4.1.3 [Relationships to LLC Sublayer and Physical Layer. The CSMA/CD MAC sublayer provides
serviceg to the LL.C sublayer required for the transmission and reception of frames. Access to these seryices
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|pro-
vided by MAC. Error recovery may be provided by the LLC or higher (sub)layers.

4.1.4 [CSMA/CD Access Method Functional)Capabilities. The following summary of the functipnal
capabilities of the CSMA/CD MAC sublayer isintended as a quick reference guide to the capabilities of the
standand, as depicted in Fig 4-2:

or Frame Transmission -
) Accepts data from the'LLC sublayer and constructs a frame
) Presents a bit-serial data stream to the physical layer for transmission on the medium

(1)

OTE: Assumes data pagsed-from the LLC sublayer are octet multiples.
2

or Frame Reception

(a) Receivesa'bit-serial data stream from the physical layer

). Presentsto the LLC sublayer frames that are either broadcast frames or directly addressed to

the Jocal station v ’

() 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 align-
ment

(6) Delays transmission of frame bit stream for specified interframe gap period

(7) Halts transmission when collision is detected

(8) Schedules retransmission after a collision until a specified retry limit is reached

(9) Enforces collision to ensure propagation throughout network by sending jam message

(10) Discards received transmissions that are less than a minimum length

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

LL.C SUBLAYER

| ACCESS TO LLC SUBLAYER =~ —

TRANSMIT RECEIVE
DATA ENCAPSULATION [Q)BATA DECAPSULATION
1a
TRANSMIT MEDIA RECEIVE MEDIA
ACCESS MANAGEMENT™ | - ACCESS MANAGEMENT
34678101 2a5912
— ACCESS TO PHYSICAL INTERFACE —
TRANSMIT RECEIVE
DATA ENCODING DATA DECODING
PHYSICAL LAYER SIGNALING

NOTE: Numbers refer to functions listed in 4.1.4.

Fig 4-2
CSMA/CD Media Access Control Functions

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

for the CSMA/CD MAC process with a program-in the computer language Pascal. See references [A2] and
[A[L7} for resource material. Note wheneverithere is any apparent ambiguity concerning the definition of
some aspect of the CSMA/CD MAC method; it is the Paseal procedural specification in 4.2.7 through 4.2.10
which should be consulted for the definitive statement. Sections 4.2.2 through 4.2.6 provide, in prose, a
degcription of the access mechanism with the formal terminology to be used in the remaining subgections.

#4.2.1 Introduction. A precise algorithmic definition is given in this section, providing kprocedI%al model

4.2.2 Overview of the Procedural Model. The functions of the CSMA/CD MAC method are presented
below, modeled as a program-written in the computer language Pascal. This procedural model is|intended
as|the primary specification of the functions to be provided in any CSMA/CD MAC sublayer implementa-
tign. It is important to-distinguish, however, between the model and a real implementation. Thd model is
optimized for simpliecity and clarity of presentation, while any realistic implementation shall plade heavier
emphasis on such constraints as efficiency and suitability to a particular implementation techpology or
computer architecture. In this context, several important properties of the procedural model shall be con-
sidered.

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 mcludmg hardware, firmware, soft-
ware, or any combination.

(2) Similarly, it shall be emphasized that it is the behavior of any MAC sublayer implementations that
shall match the standard, not their internal structure. The internal details of the procedural model
are useful only to the extent that they help specify that behavior clearly and precisely.

(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 serial-
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4)

It ig

ized for presentation to the Physical Layer. In reality, many implementations will instead handle

frames serially on a bit, octet or word basis. This approach has not been reflected in the procedural

model, since this only complicates the description of the functions without changing them in any
way.

The model consists of algorithms designed to be executed by a number of concurrent processes;

these algorithms collectively implement the CSMA/CD procedure. The timing dependencies intro-

duced by the need for concurrent activity are resolved in two ways:

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

(b) Processes Versus Processes. Among processes, no assumptions are made about relative spegds 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 intera¢tions
among processes is often, in part, an indirect reflection of the timing of external events, in
which case appropriate timing assumptions may still be made.

intended that the concurrency in the model reflect the parallelism intrinsic to the task of imple-

menting the LLC and MAC procedures, although the actual parallel structure‘ef the implementatipns is

likely

4‘
the m

1)

@

Lo vary.

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

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 l¢gical
groupings, in top-down order. Certain Pascal ordering restrictions have thus been cifcum-
vented to improve readability.
(b) 'The process and cycle constructs of Concurrent Pascal, a Pascal derivative, have been intro-
duced to indicate the sites of autonomous concurrent activity. As used here, a process is simply
a parameterless procedure that begins execution at “the beginning of time” rather than peing
invoked by a procedure call. A cyele statement represents the main body of a process gnd is
executed repeatedly forever.
(¢) The lack of variable array bounds in the language has been circumvented by treatmg franges 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 a variant 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 underlying representation to be viewed as
two different.data types.
The model makes’no use of any explicit interprocess synchronization primitives. Instead, all inter-
process interaction is done by way of carefully stylized manipulation of shared variables. For gxam-
ple, 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 are not gen¢rally
suitable for the construction of large concurrent programs, they simplify the model and more nearly
resemble the methods appropriate to the most likely implementation technologies (microcode, hard-

ware state-machines, 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 defined in the MAC sublayer. The remaining two pro-

cesses

are provided by the clients of the MAC sublayer (which may include the LLC sublayer) and utilize

the interface operations provided by the MAC sublayer. The five processes are thus:

(D
2
3

Frame Transmitter Process
Frame Receiver Process
Bit Transmitter Process
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(4) Bit Receiver Process
(5) Deference Process

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

=

TransmitDatancap | i | ReceveDataDecap |—|—— FRAMING

v lJL_yL'—" v |
ComputePed | | cRcaz | | RecopnizaAddress IE_%.%
%
ramenirorme | MDA ACCESSSUBLAYER [l Ly
" 7 e T
F«mmmj BackOft StartRecelve
StartTransatt I— Random MEDIUM
MANAGEMENT
BitTransmitter " BitFecaiver
7 i
Pyl e —
el k
3

‘ Fig 4-3
Relationship Among CSMA/CD Procedures

Figure 43 depicts the static structure of the procedural model, showing how the various processes and
prpcedures interact by invoking each other. Figures 4-4 and 4-5 summarize the dynamic behavior of the
mpdel during transmission and reception, focusing on the steps that shall be performed, rathey than the
priocedural structure that performs them. The usage of the shared state variables is not depicted jin the fig-
ures, but is described in the comments and prose in the following sections.

4.2.2.4 Layer Management Extensions to Procedural Model. In order to incorporate network
management functions, this Procedural Model has been expanded beyond that in ISO/IEC 8802-3 : 1990.
Network management functions have been incorporated in two ways. First, 4.2.7-4.2.10, 4.3.2, and Fig 4-4
have been modified and expanded to provide management services. Second, Layer Management procedures
have been added as 5.2.4. Note that Pascal variables are shared between Sections 4 and 5. Within the Pas-
cal descriptions provided in Section 4, a “#” in the left margin indicates a line that has been added to sup-
port management services. These lines are only required if Layer Management is being implemented.

50



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

’ ISO/MEC 8802-3 : 1993
CSMA/CD ANSI/IEEE Std 802.3, 1993 Edition

TransmitFrame

t

no Transmit
il ENABLE?

AL
yes-

assemble frame

deferring
on?

start transmission

collisionDetect?

send jam

transmission increment
done? no attempts

yes too many
attempts?

compute
backoff

[ wait backoff

time

K 3 |
Done: Done: Done;
transmitDisabled transmitOK excessiveCollisionError

% For Layer Management

(a) TransmitFrame

Fig 4-4
Control Flow Summary

51


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

ISO/IEC 8802-3 : 1993

ANSIIEEE Std 802.3, 1993 Edition

LOCAL AND METROPOLITAN AREA NETWORKS:

ReceiveFrame

Receive

weun
yes

|

start receiving  fee=

done
receiving?

no

rame
too small?
{collision)

yes

yes frame

too long?

recognize
address?

extra bits?

disaséemble Done:
frame alignment Error

i

Done:
receiveDisabled

) (=

Done: Done: Done: Done: ‘
rameTool.ong lengthError receiveOK frameCheckError,

% For Layer Management

(b) ReceiveFrame

Fig 4-4
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These changes do not affect any aspect of the MAC behavior as observed at the LLC-MAC and MAC-PLS
interfaces of ISO/IEC 8802-3 : 1990.

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

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

(1) Transmit Data Encapsulation includes the assembly of the outgoing frame (from the values pro-
vided by the LLC sublayer) and frame check sequence generation.
(2) Transmit Media Access Management includes carrier deference, interframe spacing, collision detec-

4.2.8.1 Transmit Data Encapsulation

4.2.3.1.1 Frame Assembly. The fields of the CSMA/CD MAC frame are set to-the values|provided
by the LLC sublayer as arguments to the TransmitFrame operation (see 4.3) with thie exception of the pad-
ding necessary to enforce 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
inderted in the frame check sequence field, following the fields supplied-by the LL.C 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
madnitors the physical medium for traffic by watching the carrierSense signal provided by the PLS. When-
evér 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 interFrameSpaging (see
4.23.2.2),

. 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 transmit) the CSMA/CD MAC sublayer resumes its original monitoring of carrierSense¢.
en a frame is submitted by the LLC sublayer for transmission, the transmission is initiatedl as soon
as possible, but in conformance with the rules of deference stated above.

NOVY'E: It is possible for the PLS carriersense indication to fail to be asserted briefly during a collision on the media, If th¢ Deference
progess simply times the interFrame-gap based on this indication it is possible for a short interFrame gap to be generated, leading to
a p¢tential reception failure of a subsequent frame. To enhance system robustness the following optional measures, as gpecified in
4.2.B, are recommended when(interFrame SpacingPart1 is other than zero:
(1) Upon completing a transmission, start timing the interpacket gap as soon as transmitting and carrierSense are both fglse. .

(2) When timing an interFrame gap following reception, reset the interFrame gap timing if carrierSense becomes true durlng the first
2/3 bf the interFrame gap-timing interval. During the final 1/3 of the interval the timer shall not be reset to ensure fair agcess to the
medium. An initial peried shorter than 2/3 of the interval is permissible including zero.

4.2.32.2 Interframe Spacing. As defined in 4.2.3.2.1, the rules for deferring to passing frames
engure a_mihimum interframe spacing of interFrameSpacing seconds. This is intended to provide inter-
fra;lne recovery time for other CSMA/CD sublayers and for the physical medium.

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

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

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

4.2.3.2.4 Collision Detection and Enforcement. Collisions are detected by monitoring the colli-
sionDetect signal provided by the Physical Layer. When a collision is detected during a frame transmis-
sion, the transm1ss1on is not terminated 1mmed1ately Instead the transmlssmn continues until additional
G o o 0. hee " . o o nDete ent on his col-

lision nforcement or jam guarantees that the duration of the colhsmn is sufﬁment to ensure its detection
by all fransmitting stations on the network. The content of the jam is unspecified; it may be any figed or
variable pattern convenient to the Media Access implementation, however, the implementation shall not be
intentionally designed to be the 32-bit CRC value corresponding to the (partial) frame transmitted prior to
the jam. '

#.2.3.2.5 Collision Backoff and Retransmission. When a transmission attempt has termihated
due to|a collision, it is retried by the transmitting CSMA/CD sublayer until either it’is successful or a|max-
imum pumber of attempts (attemptLimit) have been made and all have terminated due to collisions.| Note
that all attempts to transmit a given frame are completed before any subsequent outgoing frames are
transmitted. The scheduling of the retransmissions is determined by a.controlled randomization process
called [truncated binary exponential backoff.” At the end of enforcing a'collision (jamming), the CSMA/CD
sublayger delays before attempting to retransmit the frame. The delay is an integer multiple of slot[lime.
The nymber of slot times to delay before the nth retransm1ss1on attempt is chosen as a uniformly digtrib-
uted random 1nteger 1 in the range:

0<n<2k
where
k = mpin (n, 10)

If all attemptLimit attempts fail, this event is reported as an error. Algorithms used to generate the|inte-
ger r should be designed to minimize the’/correlation between the numbers generated by any two stdtions
at any(given time. ‘

Notg 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
procedpre, a station may introduce extra delays that will degrade its own throughput, but in no case may a
stations retransmission scheduling result in a lower average delay between retransmission attempts|than
the prqcedure defined above.

4.2.8.3 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 t¢ 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 ¢f the
pad is unspecified.

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

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

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

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

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

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

4.2.4.1.2 Frame Check Sequence Validation. FCS validation is essentially identical to [FCS gen-
eration. If the bits of the incoming frame (exclusive of the FCS field itself) do not generate a CRC value
idIntical to the one received, an error has occurred and the frame is identified as invalid.

4.2.4.1.3 Frame Disassembly. Upon recognition of the Start Frame Delimiter at the end df the pre-
amble sequence, the CSMA/CD MAC sublayer accepts the frame. If there are no errors, the frame is disas-
sembled and the fields are passed to the LLC sublayer by way of the output parameters of the
RdceiveFrame operation.

4.2.4.2 Receive Media Access Management

42421 Framing. The CSMA/CD sublayer recognizes’the boundaries of an incoming [frame by
mgnitoring the carrierSense signal provided by the PLS.:There are two possible length errors| that can
oc¢ur, that indicate 111-framed data: the frame may be toolong, or its length may not be an integer number
of pctets.

1) Maximum Frame Size. The receiving CSMA/CD sublayer is not required to enforce the frame size
limit, but it is allowed to truncate frameslonger than maxFrameSize octets and report this event as
an (implementation-dependent) error:

2) Integer Number of Octets in Frame. Since the format of a valid frame specifies an integer qumber of
octets, only a collision or an error can produce a frame with a length that is not an integen multiple
of 8 bits. Complete frames (that is, not rejected as collision fragments; see 4.2.4.2.2) that do not con-
tain an integer number, of. octets are truncated to the nearest octet boundary. If frame check
sequence validation detects an error in 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.
is determines the minFrameSize. Any frame containing less than minFrameSize bits is presumed to be
a fragment resulting, from a collision. Since occasional collisions are a normal part of the Medjia Access
mgnagement procedure, the discarding of such a fragment is not reported as an error to the LLC publayer.

2.5 Preamble Generation. In a LAN implementation, most of the Physical Layer components are
allpwed toprovide valid output some number of bit times after being presented valid input signalg. Thus it
is necessary for a preamble to be sent before the start of data, to allow the PLS circuitry to reach its steady-
stgte-Upon request by TransmitLinkMgmt to transmit the first bit of a new frame, PhysicalSignalEncap
shall irst transmit the preamble, a bit sequence used for physical medium stabilization and synchroniza-
tion, followed by the Start Frame Delimiter. If, while transmitting the preamble, the PLS asserts the colli-
sion detect signal, any remaining preamble bits shall be sent. The preamble pattern is:

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

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

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

4.2.7.1 Common Constants and Types. The following declarations of constants and types are used

by the frame transmission and reception sections of each CSMA/CD sublayey: -~

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 + lengthS8ize + LLCdataSize +
crcSize))}.

dataSize = ...; {= LL.CdataSize + 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;
SfdValue = array [1..sfdSize] of Bit;
ViewPoint = (fields, bits); {Two ways to view the contents of a frame}
HeaderViewPoint = (headexFields, headerBits);
Frame = record {Format of Media Access frame}
case view: ViewPoint of
fields: (
destinationField: AddressValue;
sourceField: AddressValue;
lengthField: LengthValue;
dataField: DataValue;
fesField: CRCValue);
bits: (contents: array [1..frameSize] of Bit)
ena,Trramey
Header = record {Format of preamble and start frame delimiter}
case headerView : HeaderViewPoint of '
headerFields : (
preamble : PreambleValue;
sfd : SfdValue);
headerBits : (
headerContents : array [1..headerSize] of Bit)
end; {defines header for MAC frame}
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4.2.7.2 Transmit State Variables. The following items are specific to frame transmission. (See also
44.)

const
interFrameSpacing = ... ; {minimum time between frames}
interFrameSpacingPartl= ...;{duration of first portion of interFrame timing. In range 0 up to 2/3

interFrameSpacing}
interFrameSpacingPart2= ...;(duration of remainder of interFrame timing. Equal to
interFrameSpacing — interFrameSpacingPart1}

attemptLimit = ... ; {Max number of times to attempt transmission}

backOffLimit =... ; {Limit on number of times to back off}

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

outgoingFrame: Frame; {The frame to be transmitted}

outgoingHeader: Header;

currentTransmitBit, lastTransmitBit: 1..frameSize;

{Positions of current and last outgoing bits in outgoingFrame}

lastHeaderBit: 1..headerSize;

deferring: Boolean; {Implies any pending transmission must wait for.the'medium to clear
frameWaiting: Boolean; {Indicates that outgoingFrame is deferring}

attempts: 0..attemptLimit; {Number of transmission attempts on.outgoingFrame}
newCollision: Boolean; {Indicates that a collision has occurred but has not yet been jammed}
transmitSucceeding: Boolean; {(Running indicator of whether transmission is succeeding}

4.2.7.3 Receive State Variables. The following items arespecific to frame 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}
exceedsMaxLength Boolean; {Indicator of whether received frame has a length longer [than the

maximum pefmitted length}

4.2.7.4 Summary of Interlayer Interfaces

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

type

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

3 ReceiveStatus = (receiveDisabled, receiveOK, frameTooLong, frameCheckError, lengthError,
alignmentError); {Result of ReceiveFrame operation}

function TransmitFrame (
— destinationParam: Address Valug;
sourceParam: AddressValue;
lengthParam: LengthValue;
dataParam: DataValue): TransmitStatus; {Transmits one frame}

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

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

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

function ReceiveBit: Bit; {Receives one bit}

—4

4.2.7.5 State Variable Initialization. The procedure Initialize must be run when the MAC sublayer
beging operation, before any of the processes begin execution. Initialize sets certain crucial shared|state
variablles to 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 procésses.
If Layer Management is implemented, the Initialize procedure shall only be called'as the result pf the
initialjzeMAC action (5.2.2.2.1).

procedure Initialize;

begin

frameWaiting := false;

deferring := false;

| newCollision := false;

transmitting := false; {In interface to Physical Layer; se€.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 transmiiLsion.
The function TransmitFrame implements the frame transmission operation provided to the LLC sublayer:

fanction TransmitFrame (
destinationParam: AddressValue;
sourceParam: AddressValue;
lengthParam: LengthValue;
dataParam: DataValue): TransmitStatus;
Focedure TransmitDataEncap; ... {nested procedure; see body below}
bgin
if transmitEnabled then
begin
TransmitDataEncap;
TransmitFrame := TransmitLinkMgmt
end
else. TransmitFrame := transmitDisabled

endATransmitFrame}

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

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

o>

procedure TransmitDataEncap;
begin
with outgoingFrame do
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begin {assemble frame}
view := fields;
destinationField := destinationParam;
sourceField := sourceParam,;
lengthField := lengthParam;
dataField := ComputePad (lengthparam, dataParam);
fesField := CRC32(outgoingFrame);
view := bits

end {assemble frame}

with outgoingHeader do

begin

{

e

0cq
int

headerView = hn’aﬂan‘inlﬂq; :
preamble = ...; {* <1010...10,’ LSB to MSB*}

sfd := ...; {*“10101011, LSB to MSB*}
headerView := headerBits
end

end; {TransmitDataEncap}

function ComputePad(

var lengthParam:LengthValue

var dataParam:DataValue) :DataValue;
begin

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

'ransmitLinkMgmt attempts to transmit the frame; deferring first to any passing traffic. If 4

erval:

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

frameWaiting := false;

StartTransmit;
~ while transmitting do WatchForCollision;
if lateCollisionError then lateCollisionCount := lateCollisionCount + 1;
attempts := attempts+1
end; {loop}
if transmitSucceeding then TransmitLinkMgmt := transmitOK
else TransmitLinkMgmt := excessiveCollisionError; ‘
LayerMgmtTransmitCounters; {update transmit and transmit error counters in 5.2. 4 2}
end; {TransmitLinkMgmt}
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Each time a frame transmission attempt is initiated, StartTransmit is called to alert the BitTransmitter
process that bit transmission should begin:

procedure StartTransmit;

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

end; {StartTransmit}

Onctt frame transmission has been initiated, TransmitLinkMgmt monitors the medium for contention by
repeatedly calling WatchForCollision:

rocedure WatchForCollision;

egin

if transmitSucceeding and collisionDetect then

begin :

if currentTransmitBit > (minFrameSize — headerSize) then

lateCollisionError := true; ' '

newCollision := true;
transmitSucceeding := false

end : '

hd; {WatchForCollision}

oy

®

WatthForCollision, upon detecting a collision, updates newCollision to ensure proper jamming Hy the
BitTransmitter process. The current transmit bit number is‘checked to see if this is a late collision. [f the
collisign occurs later than a collision window of 512 bit times into the packet, it is considered as evidehce of
a late follision. The point at which the collision is received is determined by the network media propaga-
tion time and the delay time through a station and,as such, is implementation-dependent (see 4.1.2.2). An
implementation may optionally elect to end retransmission attempts after a late collision is detected.

After transmission of the jam has been completed, if TransmitLinkMgmt determines. that anjother
attempt should be made, BackOff is called tolschedule the next attempt to retransmit the frame.

hr maxBackOff: 2..1024; {Working-variable of BackOff}
rocedure BackOff;

boin

if attempts = 1 then maxBackOff = 2

else if attempts < backOffLimit

then maxBackOff :='maxBackOff x 2;
Wait(slotTime-xRandom(0, maxBackOff))

end; {BackOff} '

oy o

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

begin

Random := ...{uniformly distributed random integer r such that low <r < high}
endi{Random}

BackOff performs the truncated binary exponential backoff computation and then waits for the selected

multiple of the slot time.
The Deference process runs asynchronously to continuously compute the proper value for the variable

deferring.
process Deference;

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

The BitTransmitter process runs-asynchronously, transmitting bits at a rate determined by the
Lalyer’s TransmitBit operation:

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

function RealTimeDelay (usec:real): Boolean;
begin '
{return the value true if the specified number of microseconds have
not elapsed since the most recent-invocation of StartRealTimeDelay,
otherwise return the value false}
end; {RealTimeDelay}

process BitTransmitter;
begin
cycle {outerdoop}
if tranSmitting then
begin{inner loop}
PhysicalSignalEncap; {Send preamble and start of frame delimiter}
while transmitting do
begin ‘ ,
TransmitBit(outgoingFrame[currentTransmitBit]); {send next bit to Physical Laye

i newCollision then StartJam else INextbit
end;
end; {inner loop}

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

while currentTransmitBit < lastHeaderBit do

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

procedure NextBit;

begin
currentTransmitBit := currentTransmitBit + 1;
transmlttmg ={(currentTransmitBit < lastTransmltBlt)

currentTransmitBit := 1;
lastTransmitBit := jamSize;
newCollision := false

nd; {StartJam}

Bit[[ransmitter, upon detecting a new collision, immediately enforces it by calling startJam to ihitiate
the tyansmission of the jam. The jam should contain a sufﬁcient number 6f bits of arbitrary data 80 that it

up to jamSize, merely to simplify this program.)

4. }9 Frame Reception. The algorithms in this section defihe CSMA/CD Media Access sublayer|frame
tion.
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
if receiveEnabled then
repeat

ReceiveLinkMgmt;

ReceiveFrame ;= ReceiveDataDecap;
until receiveSucceeding
else

ReceiveFrame := receiveDisabled
;| {ReceiveFrame)

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

function ReceiveDataDecap: ReceiveStatus;

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

t with incomingFrame do

i begin

3 view := fields;

receiveSucceeding := RecognizeAddress (incomingFrame, destinationField);

63


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

ISO/IEC 8802-3 : 1993

ANSVIEEE Std 802.3, 1993 Edition

receiveSucceeding := LayerMgmtRecognizeAddress (destinationField);
T if receiveSucceeding then
begin {disassemble frame}
destinationParam := destinationField;
sourceParam := sourceField;
lengthParam := lengthField;
dataParam := RemovePad (lengthField, dataField);

LOCAL AND METROPOLITAN AREA NETWORKS:

exceedsMaxLength := ...; {check to determine if receive frame size exceeds the maximum

permitted frame size (maxFrameSize)}
if exceedsMaxLength then status := frameTooLong;

else ‘
—éﬁfésField—;G-RﬁQQ (innnmingﬁ‘vnmn\ then
begin
4 if validLength thern status := receiveOK
ki else status := lengthError
end
else -
begin T
o if excessBits = 0 then status := fram%‘)}i" ckError
3 else status := alignmentError; -
end;
LayerMgmtReceiveCounters(status);
{update receive and receive error counters in 5.2.4.3}
view. ;= bits
end {disassemble frame}
1 end {with incomingFrame}
# ReceiveDataDecap := status;

end; {ReceiveDataDecap}

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

RecognizeAddress := ... {Returns true“for the set of physical, broadcast, and multicg
: 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
LLCdataSize};
if validLength then

RemovePad := {truncate the dataParam (when present) to value represented by leng]
(in octets) and return the result}
else
RemovePad := dataParam
end; {RemovePad}

st-group

received

thParam

ReceiveLinkMgmt attempts repeatedly to receive the bits of a frame, discarding any fragments from col-

lisions by comparing them to the minimum valid frame size:

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

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

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

the Physical Layer’s ReceiveBit operation:

process BitReceiver;
var b: Bit;
begin
cycle {outer loop)
while receiving do
begin {inner loop}
if currentReceiveBit = 1 then
PhysicalSignalDecap; {Strip off the preamble and start framie delimiter}

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

if earrierSense then

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

end; {append bit to frame}

receiving := carrierSense

end {inner loop}
frameSize := currentReceiveBit — 1

end {outer loop)
end; {BitReceiver}

procedure PhysicalSignalDecap;

bagin
{Receive one bit at a_time from physical medium until a valid sfd is detected, discard bits| and

return}
end; {PhysicalSignalDecap}

4.2.10 Common Procedures. The function CRC32 is used by both the transmit and receive algorithms
to gendrate a 32-bit CRC value:

function’ CRC32 (f: Frame); CRCValue;
bagin :

CRUSZ = {1he 02-bit CRU }

end; {CRC32}

Purely to enhance readability, the following procedure is also defined:

procedure nothing; begin end;

The idle state of a process (that is, while waiting for some event) is cast as repeated calls on this

procedure. .
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4.3 Interfaces to/from Adjacent Layers

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

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

Note that the description of the interfaces in Pascal is a notational technique, and in no way implies that
they can or should be 1mplemented in software Th1s p01nt is dlscussed more fully in 4 2 that provides com-

ase he : : : at the “syn-
c ronous” (one frame at a t1me) nature of the frame transm1ss1on and receptlon operatlons is a'property of
thie architectural interface between the LLC and MAC sublayers, and need not be reflected in the imple-
mntation interface between a station and its sublayer.

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

Functions:
TransmitFrame
ReceiveFrame

Each of these functions has the components of a LLC frame‘as its parameters (input or oufput), and
refurns a status code as its result. Note that the service_class defined in 2.3.1 is ignored by (SMA/CD
MAC.

The LLC sublayer transmits a frame by invoking TransmitFrame:

function TransmitFrame (

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

dataParam: DataValue): TransmitStatus;

e TransmitFrame operation is‘synchronous. Its duration is the entire attempt to transmit the frame;
en the operation completes, transmission has either succeeded or failed, as indicated by the|resulting
status code:
type TransmitStatas)= (transmitOK, excessiveCollisionError);
t type TransmitStatus = (transmitDisabled, transmitOK, excess1veColhs1onError)

The transmitDisabled status code indicates that the transmitter is not enabled. Successful tramsmission
is indicated by.the status code transmittOK; the code excessiveCollisionError indicates that the fransmis-
sign attempt was aborted due to the excessive collisions, because of heavy traffic or a network failure.

- The LLC sublayer accepts incoming frames by invoking ReceiveFrame:

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

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

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

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

4.3.3 Services Required from the Physical Layer. The interface through which the CSMA/CD MAC

sublawmmmmmm@mmmam Bool-
ean variables,

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

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

progedure TransmitBit (bitParam: Bit);

Each invocation of TransmitBit passes one new bit of the outgeing 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 toaecept the next bit and it transfers control to
the MAC sublayer.

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

var fransmitting: Boolean;

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

The|presence of a collision in the physical medium is SIgnaled to the MAC sublayer by the variabld colli-
sionDetect:

var pollisionDetect: Boolean;

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

NOTE: Bince an entire collision may occur during preamble generation, the MAC sublayer shall handle this possibility by morjitoring
collisioniDetect concurrently with its transmission of outgoing 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 receptlon to detect collisions between overlapping transmigsions
from two-or more other stations.
During reception, the confents of an incoming frame are retrieved from the Physical Layer by the MAC
sublayer via repeated use of the ReceiveBit operation:

function ReceiveBit: Bit;

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

var carrierSense: Boolean;

When the Physical Layer sets carrierSense to true, the MAC sublayer shall immediately begin retrieving
the incoming bits by the ReceiveBit operation. When carrierSense subsequently becomes false, the MAC
sublayer can begin processing the received bits as a completed frame. Note that the trueffalse transitions of
carrierSense are not defined to be precisely synchronized with the beginning and end of the frame, but may
precede the beginning and lag the end, respectively. If an invocation of ReceiveBit is pending when carri-
erSense becomes false, ReceiveBit returns an undefined value, which should be discarded by the MAC sub-
layer. (See 4.2 for details.) ‘ , ,

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

edium is busy. ’

The Physical Layer also provides the procedure Wait:

procedure Wait (bitTimes: integer);

This procedure waits for the specified number of bit times. This allows the MAC sublayer to measure
ime 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
e MAC sublayer, is the round-trip propagation time of the physical médium. Its value represents the
aximum time required for a signal to propagate from one end of the fietwork to the other, and for a colli-
ion to propagate back. The round-trip propagation time is primarily(but not entirely) a fundtion of the
- physical size of the network. The round-trip propagation time of the Physical Layer is defined jn 4.4 for a
selection of physical media.

4.4 Specific Implementations

4.4.1 Compatibility Overview. To provide total compatibility at all levels of the standard, it s 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 for a specific
implementation of this access method. Variations from these values result in a system implementation
that violates the standard.
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4.4.2 Allowable Implementations

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

standard.

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

. addressSize ‘48 bits

WARNING: Any deviation from the above plans specified for a 10 Mb/s systeni may affect proper
opdration of the LAN.

See falso DTE Deference Delay in 12.9.2,

4.4.2.2 Parameterized Values. The following parameter values shall be used for 1BASES5 impl¢men-

tations:

Parameters Values
slotTime 512 bit times
interFrameGap 96 us
attemptLimit 16

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

See plso'DTE Deference Delay in 12.9.2.

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

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

Thls Layer Management spemﬁcatmn has been developed in accordance w1th the OSI management

The management facilities defined in this standard may be accessed both locally and remotely-Thusk, the
Layer [Management specification provides facilities that can be accessed from within a station or can be
accessed remotely by means of a peer management protocol operating between application entities.

In GSMA/CD no peer management facilities are necessary for initiating or terminating normal protocol
operatjons or for handling abnormal protocol conditions. The monitoring of these activities is done by the
carrien sense and collision detection mechanisms. Since these activities are necegsary for normal operjation
of the [protocol, they are not considered to be a function of Layer Management. ard are therefore not dis-
cussed|in this section.

At this time, this standard does not include management facilities that-address the unique features of
repeatgrs or of 10BROAD36 broadband MAUSs.

5.1.1 Systems Management Overview. Within the ISO Open,Systems Interconnection (OSI) architec-
ture, the need to handle the special problems of initializing, terminating, and monitoring on-going dctivi-
ties anld assisting in their harmonious operations, as well ag-handling abnormal conditions, is recognized.
These peeds are collectively addressed by the systems management component of the OSI architecture.

The pystems management component may conceptually. be subdivided into a System Management Appli-
cation [Entity (SMAE) and Layer Management Entities (LMEs). In addition, a Management Protopol is
required for the exchange of information between systems on a network, This Layer Management standard
is independent of any particular Management Protocol.

The SMAE is concerned with the management of resources and their status across all layers of the OSI
architecture. The System Management Application facilities have been grouped into five entities: CoIﬁgu—
ration| Fault, Performance, Security, aridd Accounting.

Configuration and Name Management is concerned with the initialization, normal operation, and ¢lose-
down df communication facilities,Itis also concerned with the naming of these resources and their interre-
lationslliip as part of a communication system. Fault Management is concerned with detection, isolation,
and correction of abnormal eperations. Performance Management is concerned with evaluating the behav-
ior and the effectiveness of the communication activities. Security Management is concerned with monitor-
ing the integrity and ccontrolling access to the communication facilities. Accounting ManagemeE\t is
concerned with enabling charges to be established and cost to be assigned and providing informatign on
tariffs ffor the use ofccommunication resources.

This|Layer Management standard, in conjunction with the Layer Management standards of other 14yers,
provides the means for the SMAE to perform its various functions. Layer Management collects informiation
needed bythe SMAE from the MAC and Physical Layers. It also provides a means for the SMAE to|exer-
cise coptrol over those layers. This Layer Management standard is independent of any specific SMAE,

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

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

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

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

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

fmmmmmmmm—mmm = — == === =
[
I System Management
i Application Entity
. (SMAE)
L e e e e m e e == - N
’ 1
_____ ; \
‘ ' RV
i : ! LLC : 1
Logical Link Control . LME "
! [
Layer 2 1 1
\ LMI '
Media Access Control : MAC !
CSMA/CD X LME T
: 1
————— I I
1 1
Physical Layer : Physical LMt
Layer 1 CSMACD X ME [,
! 1
* 1
i
Medium :
Fig 5-1

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

The conceptual LMI between the SMAE and the LME will be described in this standard in terms of the
Layer Management facilities provided. It is particularly important that these facilities be defined|because
thely may be indirectly requested on behalf of a remote SMAE. The use of this specification by other man-
agement mechanisms is not precluded. ‘

§.1.2 Layer Management Model. The Layer Management facilities provided by the CSMA/CD MAC
and Physical Layer LMES, img—the—conceptual-EML—enablethe SMA hulate manhgement
counters and initiate actions within the layers. The LMI provides a means to monitor and control the facil-
ities of the LMEs.

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

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

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

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

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

MarJdatory——Shall be implemented.
. Reeqmmended-—Should be implemented if possible.
Optipnal-—-May be implemented.

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

5.2.3 MAC Sublayer Management Facilities. This section of the standard defines the Layer Mahage-
ment fhcilities specific to the MAC sublayer.

5.2.2.1 MAC Statistics. The statistics defined in this section‘are implemented by means of counters.
In tHe following definitions, the term “Read only” specifiesithat the object cannot be written to by tHe cli-
ent of the LME,
Frame fragments are not included in any of the statisties in this section unless otherwise stated.
Thelﬁlayer Management Model in 5.2.4 and the Pascal Procedural Model in 4.2.:7—4.2.10 defines the
semantics of these statistics in terms of the behavior-of the MAC sublayer,

p.2.2.1.1 MAC Transmit Statistics Descriptions

Number of framesTransmittedOK: Mandatory, Read only, 32 bit counter.
his contains a count of frames that are successfully transmitted. This counter is incremented Wwhen
he TransmitStatus is reported as transmitOK. The update occurs in the LayerMgmtTrangmit-
ounters procedure (5.24.2).

Number of singleCollisionFrames: Mandatory, Read only, 32 bit counter.
his contains a count-of frames that are involved in a single collision and are subsequently trans-
mitted successfully. This counter is incremented when the result of a transmission is report¢d as
transmitOK and the attempt value is 2. The update occurs in the LayerMgmtTransmitCounters
procedure (5:2.4.2).

Number of multipleCollisionFrames: Mandatory, Read only, 32 bit counter.
is contains a count of frames that are involved in more than one collision and are subsequently
ransmitted successfully. This counter is incremented when the TransmitStatus is reported as
ransmitOK and the value of the attempts variable is greater than 2 and less than or eq al to

1)

(2)

8)

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

This contains a count of data and padding octets of frames that are successfully transmitted. This
counter is incremented when the TransmitStatus is reported as transmitOK. The update occurs in
the LayerMgmtTransmitCounters procedure (5.2.4.2).

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

" This contains a count of frames whose transmission was delayed on its first attempt because the

medium was busy. This counter is incremented when the Boolean variable deferred has been
asserted by the TransmitLinkMgmt function (4.2.8). Frames involved in any collisions are not
counted. The update occurs in the LayerMgmtTransmitCounters procedure (5.2.4.2).

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

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

tx

8

ansmission related error statistics.

(1)

2)

3

(4)

(5)

(1) Number of framesReceivedORMandatory, Read only, 32 bit comnter:

@

MgmtTransmitCounters procedure (5.2.4.2).

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

This contains a count of the frames that were successfully transmitted as indicated’by the Trans-
mitStatus transmitOK, to the broadcast address. Frames transmitted to multicast addresses are

not broadcast frames and are excluded. The update occurs in the LayerMgm{TransmitCouynters pro-

cedure (5.2.4.2).

5.2.2.1.2 MAC Transmit Error Statistics Descriptions. This section' defines the MAC sublayer

Number of 1lateCollision: Recommended Read only, 32 bit counter.
This contains a count of the times that a collision has been detected later than 512 bit timles into the
transmitted packet. A late collision is counted twice, i.e{/both as a-collision and as a latpCollision.
This counter is incremented when the lateCollisionCownt variable is nonzero. The update is incre-
mented in the LayerMgmtTransmitCounters procedure (5.2.4.2).
Number of frames aborted due to excessiveCollision: Recommended, Read only, 32 bit counter.
This contains a count of the frames that due toexcessive collisions are not transmitted s‘tjl:cessfully.
This counter is incremented when the value of the attempts variable equals attemptLimit during a
transmission. The update occurs in the LayerMgmtTransmitCounters procedure (5.2.4.2)
Number of frames lost due to internal MACTransmitError: Recommended, Read only, 32 Hit counter.
This contains a count of frames that-would otherwise be transmitted by the station, but cquld not be
sent due to an internal MAC sublayer transmit error. If this counter is incremented, then none of
the other counters in this section are incremented. The exact meaning and mechanism| for incre-
menting this counter is implementation-dependent.

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

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

5.2.2.1.3 MAC Receive Statistics Descriptions

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

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

procedure (5.2.4.3).
Number of multicastFramesReceivedOK: Optional, Read only, 32 bit counter.

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

LayerMgmtReceiveCounters procedure (5.2.4.3).
Number of broadcastFramesReceived OK: Optional, Read only, 32 bit counter.

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

récept
tiple ¢
chy in

by the receiveOK status, and the value in the destinationField. The update occurs in the Lay:
mtReceiveCounters procedure (5.2.4.3).

fon related error statistics. Note that a hierarchical order has been established such that whe
rror statuses can be associated with one frame, only one status is returned to the LLC. This
descending order is as follows:

5.2.2.1.4 MAC Receive Error Statistics Descriptions. This section defines the MAC m:lilayer

ali
fra
leng

The

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

ey
@

(3)

(4)

)

ﬁ'ag:iteTooLong

mentError
eCheckError
thError

following counters are primarily incremented based on the'status returned to the LLC, vand 1

brMg-

mul-
jerar-

here-

Number of frames received with frameCheckSequeniceErrors: Mandatory, Read only, 32 bit co

FCS check. This counter is incremented when the ReceiveStatus is reported as frameChec
The update occurs in the LayerMgmtReceiveCounters procedure (5.2.4.3).
Number of frames received with alignmentErrors: Mandatory, Read only, 32 bit counter.

The update occurs in the LayerMgmtReceiveCounters procedure (5.2.4.3).
Number of frames lost due to.internalMACReceiveError: Recommended, Read only, 32 bit cous
This contains a count of frames that would otherwise be received by the station, but could 1

the other counters in-this section are incremented. The exact meaning and mechanism for
menting this counteris implementation-dependent.

Number of framés,received with inRangeLengthErrors: Optional, Read only, 32 bit counter.
This containg.a ¢count of frames with a length field value between the minimum unpadded LL(
size and the‘maximum allowed LLC data size, inclusive, that does not match the number of
data octéts received. The counter also contains frames with a length field value less than the
mum unpadded LLC data size. The update occurs in the LayerMgmtReceiveCounters proc
(5.2.4(3).

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

(6)

nter.

This contains a count of frames that are an integral number of octets in length and do not pass the

ITOT.

This contains a count of frames that.areé'not an integral number of octets in length and do not pass
the FCS check. This counter is incrémented when the ReceiveStatus is reported as alignmentError.

hter.
ot be

accepted due to an internal’lMAC sublayer receive error. If this counter is incremented, then none of

ncre-

data
LLC
mini-
bdure

is containg a count of Irames with a len 1eld value greater than the maximum allowe
data size. The update occurs in the LayerMgmtReceiveCounters procedure (5.2.4.3).
Number of frames received with frameTooLongErrors: Optional, Read only, 32 bit counter.

LLC

This contains a count of frames that are received and exceed the maximum permitted frame size.
This counter is incremented when the status of a frame reception is frameTooLong. The update

occurs in the LayerMgmtReceiveCounters procedure (5.2.4.3).

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

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

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

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

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

5.2.2.2.1 MAC Action Definitions

@
2)

3)

4)

(5)

(6)

(N
8)

)]

(10) readMACEnableStatus: Optional -
(11) enableTransmit: Optional

@z dlsable’l‘ransmlt Optmnal

initializeMAC: Mandatory
Call the Initialize procedure (4.2.7.5). This actxon also results in the initialization of the ]

enablePromiscuousReceive: Recommended

PLS.

Cause the LayerMgmtRecognizeAddress function to accept frames regardless, of their destination

address (LayerMgmtRecognizeAddress function).
Frames without errors received solely because this action is set are counted as frames rd
rectly; frames received in this mode that do contain errors update theappropriate error ¢
disablePromiscuousReceive: Recommended
Cause the MAC sublayer to return to the normal operation of carrying out address recog
cedures for station, broadcast, and multicast group addresses_ayerMgmtRecognizeAd
tion).

readPromiscuousStatus: Recommended

Return true if promiscuous mode enabled, and false othérwise (LayerMgmtRecognizeAd
tion).

addGroupAddress: Recommended

Add the supplied multicast group address to the address recognition filter (RecognizedAd|
tion).

deleteGroupAddress: Recommended

Delete the supplied multicast group address from the address recognition filter (Recogn
function).

readMulticastAddressList: Recommended

Return the current multicast address list.

enabléMacSublayer: Optional

Cause the MAC sublayer to enter the normal operational state at idle. The PLS is reset b
ation (see 7.2.2.2.1). Thisis accomplished by setting receiveEnabled and transmitEnable
disableMacSublayer: Optional ‘
Cause the MAC sublayer to end all transmit and receive operations, leaving it in a disa
This is accomplished by setting receiveEnabled and transmitEnabled to false.

Return true-if MAC sublayer is enabled, and false if disabled. This is accomphshed by ch
valuesf-the receiveEnabled and transmitEnabled variables.

Enable MAC sublayer frame transmission (TransmitFrame function). This is accomplis]
ting transmitEnabled to true.

ceived cor-
otinters.

mition pro-

Hress func-

dress func-

dress func-

izeAddress

 this oper-

1 to true.

bled state.

ecking the

hed by set-

accomphshed by settmg transmltEnabled to false

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

value of the transmitEnabled variable.

(14) enableMulticastReceive: Optional

Cause the MAC sublayer to return to the normal operation of multicast frame reception.

(15) disableMulticastReceive: Optional

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

(17)

(18)

(19

5.2.3 Physie
ment fg cﬂltles for the Phys1ca1 Layer

readMulticastReceiveStatus: Optional
Return true if multicast receive is enabled, and false otherwise.
modifyMACAddress: Optional

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

supplied station address shall not have the group bit set and shall not be the null address.
readMACAddress: Optional

Read the current MAC station address.

executeSelftest: Optional

Execute a self test and report the results (success or failure). The mechanism employed to carry out

the self test is not defined in this standard.

vranage-

5.1.3.1 Physical Statistics. The statistics defined in this section are implemented by means of
counters. ‘ :

In the following definition, the term “Read only” specifies that the object cannot be written by the client

of the LME.

Note[that the carrierSenseFailed statistic is a statistic relating to the physical(layer, but is listed| and

maintajned in the MAC sublayer for ease of implementation.

)]

§.2.3.1.1 Physical Statistics Descriptions

Number of SQETestErrors: Recommended, Read only, 328 bit counter.

This contains a count of times that the SQE_TEST_ERROR<{was received. The SQE_TEST_ER]
1s set in accordance with the rules for verification of the SQE detection mechanism in the PLS
rier Sense Function (see 7.2.4.6).

ROR
Car-

5.2.4|Layer Management Model. The following model provides the descriptions for Layer Manage-

ment facilities.

5.2}4.1 Common Constants and Types. The following are the common constants and types required

for the Layer Management procedures:
const
maxFrameSize = ...; {in octets, implementation-dependent, see 4.4}
maxDeferTime = ...; {2 X (maxFrameSize x 8), in bits, error timer limit for maxDeferTime}

type

5.2

sion:

vay

maxLarge = 4294967295; fmaximum value (232 — 1) of wraparound 32 bit counter}
max64 = xxxxxxxxx; {maximum value (254 — 1) of wraparound 64 bit counter}
oneBitTime = 1; {the-period it takes to transmit one bit}

CounterLarge'=,0..maxLarge--See footnote.;

(4.2 Transmit Variables and Procedures. The following items are specific to frame transmis-

excessDefer: Boolean; {set in process DeferTest}

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

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

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

{MAC transmit counters}
framesTransmittedOK: CounterLarge; {mandatory}
singleCollisionFrames: CounterLarge; {mandatory}
multipleCollisionFrames: CounterLarge; {mandatory}
collisionFrames: array [1..attemptLimit — 1] of CounterLarge; {recommended}
octetsTransmittedOK: CounterLarge; {recommended}
deferredTransmissions: CounterLarge; {recommended}
multicastFramesTransmittedOK: CounterLarge; {optional}
_____broadcastFramesTransmittedOK: CounterLarge; {optionall
{MAC transmit error counters}
lateCollision: CounterLarge; {recommended}
excessiveCollision: CounterLarge; {recommended)
carrierSenseErrors: CounterLarge; {optional}
excessiveDeferral: CounterLarge; {optional}

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

procedure LayerMgmtTransmitCounters;
begin
while not carrierSenseTestDone do nothing;
if transmitSucceeding then
begin
IncLargeCounter(framesTransmitted OK);
SumLarge(octetsTransmittedOK, dataSize/8);{dataSize (in bits) is defined in 4.2.7.1}

if destinationField = ... {check to see if to a@nulticast destination}
then IncLargeCounter(multicastFramesTransmittedOK);
if destinationField = ... {check to see if'to a broadcast destination}

then IncLargeCounter(broadcastFramesTransmitted OK);

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

if deferred and (attempts = 1) then
IncLargeCounter(deferredTransmissions);

if TateCollisionCount > 0 then {test if late collision detected}
SumLarge(lateCollision, lateCollisionCount);

if attempts = attemptLimit and not transmitSucceeding then

- IncLargeCounter(excessiveCollision);

if carrierSenseFailure then
IncLargeCounter(carrierSenseErrors);

if excessDefer then
IncrementLargeCounter(excessiveDeferral);

end; {LayerMgmtTransmitCounters}

The DeferTest process sets the excessDefer flag if a transmission attempt has been deferred for a period
of time longer than maxDeferTime.
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process DeferTest;
var deferBitTimer: 0..maxDeferTime;
begin
cycle
begin
deferCount := 0;
while frameWaiting and not excessDefer do
begin
Wait(oneBitTime); {see 4.3.3}
if deferBitTimer = maxDeferTime then
excessDefer := true
else
deferBitTimer := deferBitTimer + 1;
end; {while} ,
while transmitting do nothing;
end; {cycle}
end; {DeferTest}
The CarrierSenseTest process sets the carrierSpenseFailure flag if carrier sense disappears while trans-
‘ mitting or if it never appears during an entire transmission.
' DProcess CarrierSenseTest;
var
carrierSeen: Boolean; {Running indicator of whether or not ‘carrierSense has been true at any
time during the current transmission)
collisionSeen: Boolean; {Running indicator of whethet)or' not the collisionDetect asserted any

begin

time during the entire tranismission}

cycle {main loop)
while not transmitting do nothing; {wait for start of transmission}
carrierSenseFailure := false;
carrierSeen := false;
collisionSeen := false;
carrierSenseTestDone := false;
while transmitting do
begin {inner loop}
if carrierSense then
carrierSeen := true;
else
if carrierSeen then {carrierSense disappeared before end of transmission}
carrierSenseFailure := true;
if collisionDetect then
collisionSeen := true;
end,; {inner loop}
if notcarrierSeen then
carrierSenseFailure := true {carrier sense never appeared}
élse :

if collisionSeen then

carrierSenseFailure ;= false;
carrierSenseTestDone := true;
end; {main loop}

end; {CarrierSenseTest)

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

va

r
receiveEnabled: Boolean; {set by MAC action}

79


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

ISO/IEC 8802-3 : 1998
ANSVIEEE Std 802.3, 1993 Edition LOCAL AND METROPOLITAN AREA NETWORKS:

{MAC receive counters}
framesReceivedOK: CounterLarge; {mandatory}
octetsReceivedOK: CounterLarge; {recommended}

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

}

multicastFramesReceivedOK: CounterLarge; {optional}
broadcastFramesReceivedOK: CounterLarge; {optional}

Procedure LayerMgmtReceiveCounters is called by ReceiveLinkMgmt in 4.2.9 and increments the
appropriate receive counters.

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

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

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

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

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

if address = ... {broadcast address; lhen
LayerMgmtRecognizeAddress ;= true;
if address = ... {one of the addresses on the multicast list and multicast reception is enabled] then

LayerMgmtRecognizeAddress := true;
LayerMgmtRecognizeAddress := false;
end; {LayerMgmtRecognizeAddress)

§.2.4.4 Common Procedures. Procedure LayerMgmtlInitialize initializes all the variables and con-
stants required to implement Layer Management.

Dbrocedure LayerMgmtlnitialize;

begin

{initialize flags for enabling/disabling transmission and reception}
receiveEnabled := true; ‘

transmitEnabled := true;

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

lateCollisionError := false;

excessDefer := false;

carrierSenseFailure := false;

carrierSenseTestDone := false;

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

Procedure IncLargeCounter increments a 32 bit wraparound counter.
rocedure IncLargeCounter (var counter: CounterLarge);
egin
{incrementthe 32 bit counter)
nd; {IncLargeCounter}

rocediire SumLarge adds a value to a 32 bit wraparound counter.
roeedure SumLarge (
Uar counter: CounterLarge;
var offset: Integer);
begin
{add offset to the 32 bit counter}
end; {SumLarge)
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6.1 Scope and Field of Application. This section specifies the services provided by the Physical
‘Signaling (PLS) sublayer to the MAC sublayer for the CSMA/CD section of the Local Area Network
Standard, Fig 6-1. The services are described in an abstract way and do not 1mp1y any particular

1mplementat10n
os! LAN
REFERENCE MODEL CSMA/CD
" LAYERS LAYERS
APPLICATION HIGHER LAYERS
PRESENTATION LLC
7 | LOGICAL LINK CONTROL
‘ /
« MAC
SESSION /’ MEDIA ACCESS CONTROL|  &—DTE 3 gy
/ (AUI noé)
expose
TRANSPORT ; /| PHYSICAL SIGNALING
_ 7 -
) l / . I J .
NETWORK : :
/ 4 =ul
’ :
DATA LINK 1 .
PMA MAU
PHYSICAL B
- 1 DI
§ MEDIUM é
AUl = ATTACHMENTUNIT INTERFACE
MAU = MEDIUM ATTAGHMENT UNIT
MDI = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT

6.2 Overview of the Service

Fig 6-1

Service Specification Relationship to the IEEE 802.3 CSMA/CD LAN Model

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 MA

layer [entities.

6.2/2 Model Used for the Service Specification. The model used in this service specification is

cal to|that used in1.2.2.1.

C sub-

denti-

6.2{3 Overview of Interactions. The primitives associated with the MAC sublayer to PLS sublayer
intertrnce fall into two 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 ’
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(2) Sublayer-to-Sublayer
PLS_CARRIER.indication
PLS_SIGNAL.indication

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

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

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

IS.2.4 Basic Services and Options. Al} of the service primitives described in this section are)considered
mandatory:.

6.3 Detailed Service Specification
5.3.1 Peer-to-Peer Service Primitives
6.3.1.1 PLS_DATA.request

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

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

PL.S_DATA request (OUTPUT_UNIT)
The OUTPUT_UNIT parameter can take on one of three values: ONE, ZERO, or DATA_COMPLETE
an(d represent a single data bit. The DATA. COMPLETE value signifies that the Media Access Control sub-

layer has no more data to output.

6.3.1.1.3 When Generated. Thig primitive is generated by the MAC sublayer to request the trans-
miksion of a single data bit on the physical medium or to stop transmission.

6.3.1.1.4 Effect of Receipt. The receipt of this primitive will cause the PLS entity to enicode and
trgnsmit either a single data(bit or to cease transmission.

6.3.1.2 PLS_DATA.indicate

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

6.3.1.22 Semantics of the Service Primitive. The semantics of the primitive are as follgws:

PLS_DATA indicate (INPUT_UNIT)

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

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

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

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

6.3.2.1 PLS_CARRIER.indicate

3:1993
Edition

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

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

PLS_CARRIER.indicate (CARRIER_STATUS)

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

CAR
signd
Lay
the

CAR

PLS

followys:

PLSS_SIGNAL.indicate (SIGNAL_STATUS)

Th
ROR

ity_efror message from the MAU. The NO_SIGNAL_ERROR value indicates that the PLS has ce
receiye signal_quality_error messagés from the MAU.

SIGNAL_ STATUS makes, a.transition from SIGNAL_ERROR to NO_SIGNAL_ERROR or vice versa.

unsp

unsTciﬁed.
.3.2.2 PLS_SIGNAL.indicate

[_quality_error message from the MAU. The CARRIER_OFF value indicates that the DTE

U.

RIER_STATUS makes a transition from CARRIER_ON to CARRIER_OFF or vice versa.

publayer to the MAC sublayer.

6.3.2.2.2 Semantics of the Service Primitive; The semantics of the service primitive

The SIGNAL_ERROR value indicates to the MAC sublayer that the PLS has received a signal

6.3.2.2.3 When Generated. The PLS_SIGNAL.indicate service primitive is generated w

beified.

85

RIER_ON value indicates that the DTE Physical Layer had received an input messa}g,t or a

ysical

had received an input_idle message and is not receiving an SQE signal_quality_error message from
6.3.2.1.3 When Generated. The PLS_CARRIER.indicate service primitive i§)generated wlenever

6.3.2.14 Effect of Receipt. The effect of receipt of this primitivevby the MAC sublayer is

6.3.2.2.1 Function. This primitive transfers the status ofthe Physical Layer signal quality from the

are as

e SIGNAL_STATUS patameter can take one of two values: SIGNAL_ERROR or NO_SIGNAL_ER-

_qual-
sed to

never

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

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

os! LAN—
REFERENCE MODEL CSMA/CD
LAYERS LAYERS
APPLICATION *  HIGHER LAYERS
PRESENTATION LLC
/ | LOGICAL LINK CONTROL
/
' ' MAC
SESSION , /" |MEDIA ACGESS GONTROL S—DTE S pre
(AUl not
TRANSPORT exposed)
NETWORK :
4————AUl
DATA LINK .
RPMA MAU
PHYSICAL _
- = = 11 MDI
5. MM 4
AUl = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT
MDI = MEDIUM DEPENDENT INTERFACE
PMA  =_PHYSICAL MEDIUM ATTACHMENT
Fig 7-1
Physical Layer Partitioning, Relationship to the ISO Open Systems Interconnection
(OSI) Reference Model
Thip interface has the following characteristics:
(1) | Capable of supporting one or more of the specified data rates
(2) | Capable of driving up to 50 m (164 ft) of cable
(3) | 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 equipment within a data station.

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

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

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

Clocked Data One (CDl) A Manchester encoded data “1.” A CD1 is encoded as a LO for the first half of
the bit-cell and a HI for the second half of the bit-cell.

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

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

Control Signal Zero (CS0). An encoded control signal used on the Control In and Control Qut-gircuits. A
C90 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 b frame and ceases to exist after the next LO to HI transition on the AUI circuits..An IDL alwdys begins

ith 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 sep-
arate timing circuits. This is accomplished with enceding 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 associated with the|interface
are passed on these circuits. Likewise, the Control circuits are used only for control messgge trans-
fer. No data signals associated with the interface are passed on these circuits.

7.1.3 Application. This standard applies to the interface used to interconnect Data Terminal Equipment
(DITE) to a MAU that is not integrated as a-physical part of the DTE. This interface is used to

1) Provide the DTE with medig independence for baseband coax, broadband coax, and basehand 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 DTE and the MAU.

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

en the interface'is being operated in the normal mode, the AUI is logically connected to the MDI. The
DTE is required to follow the media access algorithms, which provide a single access procedure cgmpatible
with all local area network media, to send data over the AUL 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 MAUSs 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
signdl quality error 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 ¢an be provided by the DTE, leaving the MAU as simple as possible.
This division of functions is based upon the recognition of the fact that since, in many cases, the MAU may
be located in an inaccessible location adjacent to the physical medium, service of the MAU may often be dif-
ficult and expensive.

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

through the AUL
DATA OUT o ,\ °

‘/T MEDIUM
CONTROL OUT ISOLATE
CONTROL IN ' | SIGNAL
QUALITY
DATA IN - : <]

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

Fig 7-2
Generalized MAU Model

Mhany of the terms used in this section are specific to/the interface between this sublayer and the MAC
sublayer. These terms are defined in the Service Specification for the PLS sublayer.

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

7.2.1.1 PLS to PMA Messages.The following messages can be sent by PLS sublayer entitie$ in the
DTH to PMA sublayer entities in the MAU: :

Message ' " Meaning
output Output information
output_idle No data to be output
normal Cease to isolate the MAU
(Optional) :
tsolate Isolate MAU
Request-that-the MAU be-made-availabl
——mau_request Feque; pre

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

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

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

7.2.1.1.3 normal Message. The PLS sublayer sends a normal message to the PMA sublayer after it
receives the PLS start message from the PLS Reset and Identify Function. The normal message is also sent
ET MONITOR MODE from the management entity. The normal message is sent con-
ously by the PLS sublayer to the MAU, unless the PLS Output Function requires that the ma¥_request
message be sent to permit data output. If mau_request is sent during data output, the sending of normal
will be resumed when the PLS Output Function returns to the IDLE state. The normal signal ig reset by
th¢ 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
thd MAU) whenever the PLS sublayer receives SET_MONITOR_MODE from-the' management gntity. In
response to the isolate message, the MAU causes the means employed todmpress data on the| physical
ium to be positively prevented from affecting the medium. Since signaling and isolation technjques dif-
fer| from medium to medium, the manner in which this poesitive isolatien of the transmitting means is
omplished is specified in the appropriate MAU section. However,.thé intent of this positive isplation of
transmitter is to ensure that the MAU will not interfere with the physical medium in such a way as to
ct transmissions of other stations even in the event that the:mmeans normally employed to pré¢vent the
nsmitter from affecting the medium have failed to do so. The’specification of positive isolation|is not to
onstrued to preclude use of either active or passive devices to accomplish this function.
he physical realization of the isolate message is a CSO'signal sent by the DTE to the MAU over|the Con-
trol Out circuit.

7.2.1.1.5 mau_request Message (Optional). The PLS sublayer sense the mau_request mpssage to
thd PMA sublayer if the PMA sublayer is sending the mau_not_available message and the MAC |sublayer
hag sent the first OUTPUT_UNIT of a new-transmission. The PLS sublayer continues to send the mau_re-
quést message to the MAU until the MAC-sublayer sends the DATA_COMPLETE request to the PLS sub-
layer across the MAC to PLS interface. See Figs 7-3, 7-5, and 7-9 for details.
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 Isolate Function,

he physical realization of mau_request is a CS1 sent by the DTE to the MAU on the Control Oyt circuit.

he physical realization of the normal message is the IDL signal sent by the DTE to the MAU on the
trol Out circuit. In‘the absence of the CO circuit, MAUs implementing the Isolate Function shpll act as
if the normal messageis present. The CO circuit components may be absent from the DTE, AUI, qr MAU.

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

Message Meaning

input Input information

input_idle No input information

signal_quality_error Error detected by MAU

mau_available MAU is available for output
(Optional)

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

foerorssnes INITIAUZE ........... DTE has CO = Identify =~ . |.......... 'DENT‘FYZ ..........
® pls_reset @ isolate
DTE has CO * Identify mau_available
IDENTIFY 1 ,
.................................... l"uu_'"’t—uv .I Il _mnu_mi_nmnnhlﬂ
® normal
mau_available CONDITIONED MAU
| o WTH ISOLATE
@ pls..stort
UNCONDITIONED or HALT ~ (See Fig 7-9)
.""“§.|Mf‘l_:§‘"MﬂA}'J‘ .............................................. [0peraﬁon Conditionedl
Py pls_start lincompatible]
(See Fig 8~3)
(See Fig 8~2)

[Operation Simplel

IDENTIFY 3
timer_done * mau._available Omou_request """""" mau_not_available
\'/ (start timer] Q/

SIMPLE MAU UNCONDITIONED. MAU
..................................... wm.’ lSoLATE
oplastat | .G e

(See Fig 8-3) ® pls_start
{Operation Simplel (See Fig 8-3)
OPERATE [Operation Isolatel
Op(s_.atart ..................
Identify ‘

NOTES: (1) All states may be omitted except INITIALIZE and OPERATE
(2) “identify" means DTE can recognize uniquely all Cl messages and the entire function has been

implemented
(3) “ldentify!"with bar means DTE fails to recognize mau_not_available or has a partial imple-

mentation of.the function

Fig 7-3 -
PLS Reset and Identify Function

ZL.2. 1 wnpua €ssage. 1he PNAsublayer sends an inpul message to the PLS sublayer when the
MAU has received a bit from the medium and is prepared to transfer this bit to the DTE. The actual map-
ping of the signals on the medium to the type of input message to be sent to the DTE is contained in the
specifications for each specific MAU type. In general, when the signal_guality_error message is being sent
by the MAU, the symmetry specifications for circuit DI are not guaranteed to be met.

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

NOTE: This signal is not necessarily retimed by the MAU. Consult the appropriate MAU specification for timing and jitter.
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when the MAU does not have data to send to the DTE.
The physical reahzatlon of the input_idle message.is‘@an IDL sent by the MAU to the DTE on the
circuit.

to
on|
the

sent by the MAU to the DTE on the €ontrol In circuit.

NQGTE: The MAU is requlred to assert the signal_quality_error message at the appropriate times whenever the MAU is p
not| just when the DTE is requesting data output. See Figs 7-9, 8-2, and 8-3 for details.

RESET {&———— pls_reset

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

®normal

pls..start

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

LOCAL AND METROPOLITAN AREA NETWORKS:

SET_ | MONITOR..MOD

RESET_MONITOR..MODE

MONITOR

@ isolate

NOTE: Monitor State is optional.

Fig 7-4
PLS Mode Function

7.2.1.2.2 input_idle Message. The PMA sublayer sends an input_idle message to the PLS

b following numbered paragraphs: The physical realization of the signal_quality_error message

1) Improper Signalson the Medium. The MAU may send the signal_quality_error message at
due to impropér-signals on the medium. The exact nature of these improper signals are
dependent. Typically, this condition might be caused by a malfunctioning MAU (for
repeater or head-end) connected to the medium or by a break or short in the medium. See ]
priate MAU specification for specific conditions that may cause improper s1gna1s on
medium.

2) Cdllision. Collision occurs when more than one MAU is transmitting on the medium. The 14
shall send the signal_quality_error message in every instance when it is possible for it to

sublayer

b Data In

7.2.1.2.3 signal _ qualzty_error Message. The PMA sublayer sends a signal_guality_errory message
the PLS sublayer in response to any of three possible conditions. These conditions are impropegr signals
the medium, collision on the medium;-and reception of the output_idle message. They are dedcribed in

is a CS0O

wered, and

any time
medium-
example,
he appro-
a given

yeal MAU
ascertain

tion possible. The MAU shall not send the signal_quality_error message whemn it
mine conclusively that more than one MAU is transmitting.

(3) signal_quality_error Message Test. The MAU sends the signal_. qualzty_error message at
pletion 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 messa

that more than one MAU is transmitting on the medium. The MAU shall make the best dItermina-

to deter-

the com-

ge to the

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

| @ output..idle

< pis_reset | Mau REQUEST
pls_start ® mau_request
 OUTPUT_UNIT * mau_not_available | ¢ output_idle
............ L e [set request._flag)
o output_ide mau..available
[clear output._. ' mau_not._.available

n_process]
{clear request_.flagl |OUTPUT_UNIT * mau_.available

N ~ START
uer ® mau_request
OUTPUT ABORT i t_fi
......... UTPUT ABORT ... mau_not (if request._flag)
o output_idle —available | [set output.
- in..process]
® OUTPUT_ABORT (set._.transmitting..flagl
mau._.not_.available ucr output_done
MAU CLEAR | SO U
e output_idle ® output
[resume Mode Function e mau_request
control of control out ; (if request_flag)
signall
output._done
fclear request_flagl OUTPUT_UNIT
FETCH BIT
‘ e SR BT
mau_available request_flag » DATA_.COMPLETE e mau_request
(if request_flag)
® output
request_flag * DATA_COMPLETE ]

NOTE: UCT = unconditional transition

Fig7-5
PLS Output Function

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

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

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

The physical reahzatlon of the mau_not_available message isa CSl sent by the MAU to the DTE on the
Control In circuit.

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

layer.

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

Message Meaning

OUTPUT_UNIT Data sent to the MAU
OUTPUT_STATUS Response to OUTPUT_UNIT
INPUT_UNIT Data received from the MAU
CARRIER_STATUS Indication of input activity
SIGNAL_STATUS Indication of error/no 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 BLS sub-
laygr, it may not send another OUTPUT_UNIT until it has’received an OUTPUT_STATUS messgge from
the|PLS sublayer. The QUTPUT_UNIT is a ONE if the’MAC sublayer wants the PLS sublayer tp send a
CD] to the PMA sublayer, a ZERO if a CDO is desired; or a DATA_COMPLETE if an IDL is desired.

7.2.2.1.2 OUTPUT_STATUS. The PLS sublayer sends the MAC sublayer OUTPUT_STATUS in
response to every OUTPUT_UNIT received by the PLS sublayer. OUTPUT_STATUS sent is an
OUTPUT_NEXT if the PLS sublayer is ready to accept the next OUTPUT_UNIT from the MAC sublayer,
or gn OUTPUT_ABORT if the PLS sublayer was not able to process the previous OUTPUT_UNIT. (The
purpose of OUTPUT_STATUS is to ‘synchronize the MAC sublayer data output with the data rate of the
phygical medium.)

7.2.2.1.3 INPUT_UNIT. The PLS Sublayer sends the MAC sublayer an INPUT_UNIT every fime the
PLS receives an input message from the PMA sublayer. The INPUT_UNIT is a ONE if the PLS sublayer
recdives 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 sublayer CARRIER._STATUS
whenever the PIsS.sublayer detects a change in carrier status. The PLS sublayer sends CARRIER_QN when
it réceives an-input or signal_quality_error message from the PMA and the previous CARRIER_STATUS
that the PLS sublayer sent to the MAC sublayer was CARRIER_OFF. The PLS sublayer sends
CARRIEROFF when it receives an input_idle from the PMA sublayer, no signal_quality_error (either
mat_@uailable or mau_not_available) message and the previous CARRIER_STATUS that the PLS gublayer
sent to the MAC sublayer was CARRIER_UN. ,

7.2.2.1.56 SIGNAL_STATUS. The PLS sublayer sends the MAC sublayer SIGNAL_STATUS
whenever the PLS sublayer detects a change in the signal quality (as reported by the PMA). The PLS
sublayer sends SIGNAL_ERROR when it receives a signal_quality_error message from the PMA sublayer
and the previous SIGNAL_STATUS the PLS sublayer sent was NO_SIGNAL_ERROR. The PLS sublayer
sends NO_SIGNAL_ERROR when it receives no signal_quality_error (either mau_available or
mau_not_available) message from the PMA sublayer and the previous CARRIER_STATUS that the PLS
sent to the MAC sublayer was SIGNAL_ERROR.
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7.2.2.2 PLS-Management Entity Interface. The following messages may be sent between the PLS

sublayer entities and intralayer or higher layer management entities:

Message Meaning

RESET_REQUEST Reset 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
sublgyer 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 mandgement |entity

RESET R SPONSE upon completion of the Reset and Identify Function (see Fig 7-8and 7.2.4.1) whether

invo

ed due to power on or due to a RESET_REQUEST. Which RESET RESPONSE was sent is| deter-

minefl 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 si

ple (no isolate) or if the DTE does not support Isolate even if Isolate-is’ supported by the MAU, sup-

ports{Isolate but does not require conditioning, or supports Isolate and does require conditioning to ¢utput.
ARESET_RESPONSE of INCOMPATIBLE is sent if the MAU is not compatible with the DTE (that]is, the

MAU] requires conditioning but the DTE does not support conditioning).

layer{to control PLS functions. MODE_CONTROL capabilities are as follows:

sion

7.2.2.2.3 MODE_CONTROL. The management entitysends MODE_CONTROL to the PLIS sub-

Message Meaning k

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 management entity at the ¢onclu-
of each signal_quality_error test (see Output Function, 7.2.4.3). The PLS sublayer |sends

SQE [TEST_ERROR if the signal_quality_error test fails or SQE_TEST_OK if the signal_quality_error test

passes.

7.2|3 Frame Structure. Frames transmitted on the AUI shall have the following structure:

<silence><preamble><sfd><data><etd><silence>

Element Characteristics

<silence> = no transitions

<preamble> = alternating (CD1) and (CDO0) | 56 bit times (ending in CDO0)
<sfd> = (CD1)(CDOXCD1)XCDOXCD1XCDOXCD1XCD1)

<data> =8xN

<etd> = IDL
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7.2.3.1 Silence. The <silence> delimiter provides an observation window for an unspecified period of
time during which no transitions occur on the AUI. The minimum length of this period is specified by the
access procedure.

7.2.3.2 Preamble. The <preamble> delimiter begins a frame transmission and provides a signal for
receiver synchronization. The signal shall be an alternating pattern of (CD1) and (CDO). This pattern shall
be transmitted on the Data Out circuit by the DTE to the MAU for a minimum of 56 bit times at the begin-
ning of each frame. The last bit of the preamble (that is, the final bit of preamble before the start of frame
delimiter) shall be a CDO.

The DTE is required to supply at least 56 bits of preamble in order to satisfy system requirements. Sys-
tem components consume preamble bits in order to perform their functions. The number of preamble bits
souriced ensures an adequate number of bits are provided to each system component to correctly implement
its function.

7.2.3.3 Start of Frame Delimiter (SFD).‘The <sfd> indicates the start of a framejand follpws the
preamble. The <sfd> element of a frame shall be

(CD1XCDOXCD1XCDOXCD1)XCDO0XCD1XCD1)

7.2.3.4 Data. The <data> in a transmlssmn shall be in multiples of eight\(8) encoded data bitg (CDOs '
and [CD1s).

7.2.3.5 End of Transmission Delimiter. The <etd> delimiter indicates the end of a transmission and
serves to turn off the transmitter. The signal shall be an IDL.

7.2.4 PLS Functions. The PLS sublayer functions consist of a Reset and Identify Function and five
simyltaneous and asynchronous functions. These functions are Output, Input, Mode, Error Sense, and
Ca 'er Sense. All of the five functlons are started 1mmed1ate1y following the completlon of the R%et and

using

2.4.1 Reset and Identify Function./The Reset and Identify Function is executed any time dither of
two ponditions occur. These two conditions-are “power on” and the receipt of RESET_REQUEST from the
manjagement entity. The Reset and Identify Function initializes all PLS functions, and (optionally)) deter-
mings the capability of the MAU attached to the AUI. Figure 7-3 is the state diagram of the Reget and

.2.4.2 Mode Function..The MAU functions in two modes: normal and monitor. The monitor mode is
optignal. The state diagram’ of Fig 7-4 depicts the operation of the Mode Function. When the MAU jis oper-
ating 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 gre sent

pos1t1ve 1solat10n of the transmitter is to ensure that the MAU will not 1nterfere w1th the physical medium
in such a way as to affect transmission of other stations even in the event of failure of the normal transmit-
ter disabling control paths within the transmitting mechanism of the MAU.

The monitor mode is intended to permit a network station to determine if it is the source of interference
observed on the medium.

NOTE: The monitor mode is intended to be used only by Network Management for fault isolation and network operation verification.
It is intended that the isolate message provide direct control over the mode function so that these tasks can be performed. IMPROPER
USE OF THE ISOLATE FUNCTION CAN CAUSE ERRONEOUS FRAMES. Section 5, Layer Management, provides details on the
proper use of this function,
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RESET <— pls_reset

pls..start

BIT BUCKET

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

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

CARRIER _OFF

CARRIER_.ON
CARRIER_OFF

DISCARD TRASH

Mecesoosrsastaasscsrrsrcencencoravsenisad

(Discard the first
15 bit cells receiveds | | | | O INPUT DATA ]

® Input—Unit (N)

Input
P , ucT
............. INTALIZE . . . INCREMENT
IN=11 IN=N+ 1

Input (bit N)

INPUT HOLD ucT

[cesssecassserenacarsacssacatsartnnsesene

A l Input (bit N + 1)

NOTE: UCT= unconditional transition

" Fig7-6
PLS Input Function

7.2.4.3 Output Function. The PLS sublayer Output Function transparently performs the tasks of
conditioning the MAU for output and data transfer from the MAC sublayer to the MAU. The state diagram

of Fig 7-5 depicts the Output Function operation.
At the conclusion of the Output Function, if a collision has not occurred, a test is performed to verify

operation of the signal quality detection mechanism in the MAU and to verify the ability of the AUI to pass
the signal_quality_error message to the PLS sublayer. The operation of this test in the DTE is shown in

Fig 7-8.
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............ RESET  ..J&———— pis_reset

pls_start
noERROR | T NO ERROR HOLD
® NO_SIGNAL_ERROR
SQE : ‘
SOE ‘
ERROR HOLD UT | ERROR

® SIGNAL_ERROR

NOTE: UCT = unconditional transition

Fig 7-7 |
PLS Error Sense Function ;

7.2.4.4 Input Function. The PLS sublayer Input Function transparently performs the task of data
trTsfer 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 Function. The PLS sublayer Error-Sense Function performs the task of sending
SIGNAL_STATUS to the MAC sublayer whenever there is‘a change in the signal quality infprmation
received from the MAU. The state diagram of Fig 7-7 depicts the Error Sense Function operation.

7.2.4.86 Carrier Sense Function. The PLS sublayer Carrier Sense Function performs the task of
serlding CARRIER_STATUS to the MAC sublayerevery time there is a change in CARRIER_STATUS. The
stYe diagram of Fig 7-8 depicts the Carrier Sense Function operation.

erification of the signal_guality_error detection mechanism occurs in the following manner (in the
abgence of a fault on the medium).
(1) At the conclusion of the output function, the DTE opens a time window during which it ekpects to
see the signal_quality_error signal asserted on the Control In circuit. The time window begins when
CARRIER_STATUS becomes CARRIER_OFF. If execution of the Qutput Function does rot cause
CARRIER_ON to occur,no SQE test occurs in the DTE. The duration of the window shall be at least
4.0 us but no more-than 8.0 ps. During the time window (depicted as carrier_inhibit_timer] Fig 7-8)
the Carrier Sense Function is inhibited.
(2) The MAU, upen waiting Tw (wait time) after the conclusion of output, activates as much of the sig-
nal quality.error detecting mechanism as is possible without placing signals on the medifim, thus
sending. the signal_ qualzty error message across the AUI for 10 % 5 bit times (10/BR + 5/BR
seconds).

(B) The DTE interprets the reception of the signal_quality_error message from the MAU as indication
that the signal_quality_error detecting mechanism is operational and the signal_quality_error mes-
sage may be both sent by the MAU and received by the DTE.

NOTES: (1) The occurrence of multiple (overlapping) transmitters on the medium during the time that the test window is
open, as specified above, will satisfy the test and will verify proper operation of the signal quality error detecting mechanism
and sending and receiving of the appropriate physical error message.

(2) If signal_quality_error exists at the DTE before CARRIER_OFF occurs, then the Collision Presence test sequence
within the PLS as described in 7.2.4.3 above shall be aborted as shown in Fig 7-8.

7.3 Signal Characteristics

7.3.1 Signal Encoding. Two different signal encoding mechanisms may be used by the AUIL One of the
mechanisms is used to encode data, the other to encode control.
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NOTE: UCT = unconditional transition
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Fig 7-8

PLS Carrier Sense Function

7.8.1.1 Data Encoding. Manchester encoding is used for the transmission of data across the AUIL
Manchester enceding is a binary signaling mechanism that combines data and clock into “bit-s

symbol the encoded s1gna1 is the uncomplemented Value of the b1t bemg encoded Thus, a CDO is encoded
as a bit-symbol in which the first half is HI and the second half is LO. A CD1 is encoded as a bit-symbol in
which the first half is LO and the second half is HI. Examples of Manchester waveforms are shown in

Fig 7-10.

The line condition IDL is also used as an encoded signal. An IDL always starts with a HI signal level.
Since IDL always starts with a HI signal, an additional transition will be added to the data stream if the
last bit sent was a zero. This transition cannot be confused with clocked data (CDO or CD1) since the tran-
sition will occur at the start of a bit cell. There will be no transition in the middle of the bit cell. The IDL
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@ disable_driver Tau_Tequest ® encble_driver
e mau_not_available ® mau.cvailable

(if no_collision) (if no_collision)
® SQE (if collision) ® SQE (if collision)

normal output ‘

NOT ISOLATED ISOLATES—OUTPUT
® not_positive__disable |- ® positive_disable
® disable_driver isolate ® enable_.driver
e mau_not._available ® mau_available

(if no_collision) (if :no_.coilision)
® SQE (if collision) ® SQE (if sollision)

mau.. | request output_.idle
mau_ ] request

CONDITIONED OUTPUT\IDLE
® not_positive_disable @ positive_disable

| ® enable_driver @ disable..driver
e mau_avaiiable ® mou_available

(if no—collision) (if no..collision)
® SQE (if collision) @® SQE (if collision)

output Tw

OUTPUT START TEST TIMER -1
® not_positive_disable ® positive_.disable
® enable_driver @ disable_driver
® mau..avoiloble ® SQE (if collision)

(if no_collision) @ mou_available

® SQE (if collision) (if no_collision)
\l/ output_idié N ) \ tstart_test_timer]}
\l/ ucT
mau.request
(a)
NOTE: See Figs 82 and 83 for simple and isolate type MAUs.
Fig 79
Interface Function for MAU with Conditioning
;18 :':'.:‘:-,e g driver_shall bhe main .l‘il S.,TheIDLconditi shall be
detected within 1.6 bit times at the receiving device.

(1) System jitter considerations make detection of IDL (etd, end transmission delimiter) earlier than
1.3 bit times impractical. The specific implementation of the phase-locked loop or equivalent clock
recovery mechanism determines the lower bound on the actual IDL detection time. Adequate mar-
gin between lower bound and 1.6 bit times should be considered.

Recovery of timing implicit in the data is easily accomplished at the receiving side of the interface
because of the wealth of binary transitions guaranteed to be in the encoded waveform, independent

2

100


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

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

\l/output._idle A A \l/ ucT

OUTPUT IDLE

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

® not_positive_disable | | | ... SQETEST 1 ..

@ disable...driver ® positive_disable

® mau_available ® disable_driver
(if no_collision) ® SQE

® SQE (if collision)

Tw ' test_timer_.done
\l/

STARTTESTTMER 2 [ | [ L, WAL L i
® not._.positive_disable : @ positive_disable
® disoble._driver @ disable_.driver
® mau_available — | @ mau_available

(if no_.co.llision) ‘ mau (if no_collision)
® SQE (if collision) _request | ® SQE (if collision)

ucT

SQE TEST

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

® not_positive_disable
® disable_driver
® SQE

test_timer_done

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

® not_positive._disable
@ disable_driver
@ mau_available

(if no_collision) mau_request
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N OTE See Figs 8-2 and 8-3 for simple and isolate type MAUs.

Fig 7-9
Interface Function for MAU with Conditioning

7

of the'data sequence. A phase-locked loop or equivalent mechanism maintains 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. The CS0 signal
is a signal stream of frequency equal to the bit rate (BR). The CS1 signal is a signal stream of frequency
equal to half of the bit rate (BR/2). If the interface supports more then one bit rate (see 4.2), the bit rate in
use on the data circuits is the one to which the control signals are referenced. The IDL signal used on the
control circuits is the same as the IDL signal defined for the data circuits (see 7.3.1.1). The Control Out cir-
cuit is optional (O) as is one message on Control In.
The frequency tolerance of the CS1 and CS0 signals on the CO circuit shall be +5% and that of the CS1
signal on the CI circuit shall be +15%. The duty cycle of the above signals is nominally 50%/50% and shall
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Fig 7-10
Examples of Manchester Waveforms

be no worse than 60%/40%. The CS0 signal on the CI cireuit shall have a frequency tolerance of BR +25%,
-15% with the pulse widths no less than 35 ns and no(greater than 70 ns at the zero crossing points.

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

Signal Message Description ;

IDL normal Instructs the MAU to enter (remain in) normal mode
¢S1 mau_request (0) Requests that the MAU should be made available
¢So 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 MAUs ready to output data

¢S1 mau_not_available Indicates that the MAU is not ready to output data

¢So signal_quality_error Indicates that the MAU has detected an error output data

7.3.2 Signaling Rate. Signaling rates of from 1 to 20 Mb/s are encompassed by this standard. This edi-
tion of the standard specifies a signaling rate of 10 million bits per second + 0.01%.

It is intended that a given MDI operate at a single data rate. It is not precluded that specific DTE and
MAU designs be manually switched or set to alternate rates. A given local network shall operate at a single
signaling rate. To facilitate the configuration of operational systems, DTE and MAU devices shall be
labeled with the actual signaling rate used with that device, ' ;

7.3.3 Signaling Levels. Exact voltage and current specifications are listed in 7.4.
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74 Electrical Characteristics. Terms BR and BR/2 have very specific meaning as used in this
subsection. The term BR is used to mean the bit rate of the highest signaling rate supported by any one
implementation of this interface, BR/2 is used to mean half the bit rate of the lowest signaling rate
supported by any one 1mplementat10n of this interface (see 7.3.2). An interface may support one or more
signaling rates.

NOTE: The characteristics of the driver and receiver can be achieved with standard ECL logic with the addition of an appropriate
coupling network; however, this implementation is not mandatory.

7.4.1 Driver Characteristics. The driver is a differential driver capable of driving the specified 78 Q
interface cable. Only the parameters necessary to ensure compatibility with the specified receiver and to
assure personnel safety at the interface connector are specified in the following sections.

betion
ithin a
1. For
resis-

+ 1%) at
hd V3
ances
is as

(1) [Measure the output voltage V4., for the driver being tested ab the waveform point after overshoot,
hefore droop, under test load conditions of 7.4.1.1. This voltage is V.
(2) |Calculate V1 and V3.

(3) |V1shallbe < 1315 mV, Vg shall be > 450 mV.,

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

The [differential output voltage magnitude, V4p, 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 currerl into
either |of the two test loads shall be limited to 4 mA.
When a driver, connected to the appropriate two test loads identified above, enters the idle state, it{shall
maintain a minimum differential output voltage of at least 0.7 x Vo mV for at least 2 bit times after the last
low to| high transition, 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 magnityde to
4 mA within 80 bit times. Undershoot, if any, upon reaching 0 V shall be limited to —100 mV. See Fig [-12.
For drivers on either the CQ-or_CI circuits, the first transition or the last positive going transitior] may
occur gsynchronously with respect to the timing of the following transitions or the preceding transitipn(s),
respectively.

7.4.1.2 Requirements After Idle. When the driver becomes nonidle after a period of idle on the inter-
face circuit, the differential output voltage at the interface connector shall meet the requirements of 7{4.1.1
beginnfing with the first bit transmitted. The first transition may occur asynchronously with respect {o the
timing of the following transitions.

74.1.3'AC Common-Mode Output Voltage. The magmtude of the ac component of the common-
mode pat-—ve : : : : a—pai
matched 39 Qt 1% res1st0rs and c1rcu1t VC as shown in Fig 7-13 shall not exceed 40 mV peak

7.4.1.4 Differential Output Voltage, Open Circuit. The differential output voltage into an open cir-
cuit, measured at the interface connector of the driving unit, shall not exceed 13 V peak.

7.4.1.5 DC Common-Mode Output Voltage. The magnitude of the dc component of the common-

mode output voltage of the driver, measured between the midpoint of a test load consisting of a pair of
matched 39 Q * 1% resistors and circuit VC, as shown in Fig 7-13, shall not exceed 5.5 V.

103


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

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

vdm

1316 mv— 16 ns J 8ns \]

V3mV"“"

450 my —

omv —

O | [Tt

BT~ OR  6T2
(NOMINAL)

t=3.5ns AT 10 MHz DATA RATES

V,=0.89V,
V,=0.82V,
RAND L VALUES PER 7.4.1.1
A ‘ ‘ N +
R L Vam
B W/ -
" TEST LOAD

NOTE: The time.t in-this figure refers to the rise time envelape. Jitter and duty cycle are specified elsewhere.

Fig 7-11
Differential Output Voltage, Loaded

missible sig-
nal, shall tolerate the apphcatmn of each of the faults specn‘ied by the sw1tch settmgs in F1g 7-14 indefi-
nitely; and after the fault condition is removed, the operation of the driver, according to the specifications of
7.4.1.1 through 7.4.1.5, shall not be impaired.

In addition, the magmtude of the output current from either output of the driver under any of the fault
conditions specified shall not exceed 150 mA.

7.4.2 Receiver Characteristics. The receiver specified terminates the interface cable in its character-
istic impedance. The receiver shall function normally over the specified dc and ac common-mode ranges.
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ke T3]
WV,
0
_vdm
[ T2
Ty = 200 ns MINIMUM
T, = BO BIT TIMES MAXIMUM
U = —100 mV MAXIMUM UNDERSHOOT
E =

STEADY STATE OFFSET INTO SPECIFIED TEST LOAD
+/— 40 mV MAX
+/~ 4 mA MAX

R = RINGING SHALL BE <200 mV PK—-PK
AFTER T4 AND BEFORE Ty

Fig 7-12
Generalized Driver Waveform

R1

s R2

o<

vC

R1=R2=3%80+ 1%

Fig 7-18
Common-Mode Output Voltage
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FAULT  SWITCH SETTINGS

CONDITION LEAD A LEAD B
1 S 1
2 4 3
3 3 4
4 4 4
5 2 3
6 3 2
7 2 2
8 3 3
+

1o VULTS KT)

Fig 7-14
Driver Fault Conditions

7.4.2.1 Receiver Threshold Levels. When the receiving interface cirenit at the interface cqnnector of
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 receiving circuit, when the'Alead is 160 mV positive with respect
tq the B lead, the interface circuit is in the HI state, and when the-A lead is 160 mV negative with respect
td the B lead, the interface circuit is in the LO state. The receivér output shall assume the intended HI and
LD states for the corresponding input conditions.
If the receiver has a squelch feature, the spec1ﬁed receive threshold levels apply only when the|squelch is
al]lowing the signal to pass through the receiver.

NPTE: The specified threshold levels do not take precedence overthe duty cycle and jitter tolerance specified elsewhere| Both sets of
sgecifications must be met.

7.4.2.2 AC Differential Input Impedance. The ac differential input impedance for AUI receivers
ldcated in MAUSs shall have a real part of(77.83 Q * 6%, with the sign of the imaginary part pogitive, and
the phase angle of the impedance in degrees less than or equal to 0.0338 times the real part of the imped-
ance, when measured with a 10 MHz sine wave.
The ac differential input impedance for AUI receivers located in the DTE shall have a rgal part of
77.95 Q + 6%, with the sign of the imaginary part positive, and the phase angle of the impedance[in degrees
less than or equal to 0.0183 times the real part of the impedance, when measured with a 10|MHz sine
wave.
A 78 Q * 6% resistox in ‘parallel with an inductance of greater than 27 pH or 50 uH for receiyers in the
MAU and DTE respectively, satisfies this requirement.

7.4.2.3 AC Common-Mode Range. When the receiving interface circuit at the receiving equipment is
dtiven by a differential input signal at either BR or BR/2 meeting the frequency and duty cycle folerances
specified forthe circuit being driven, the receiver output shall assume the proper output state as specified
i} 7.4,2.1; in the presence of a peak common-mode ac sine wave voltage either of from 30 Hz to 40 kHz ref-
etenced to circuit VC in magnitude from 0 to 3 V, or in magnitude 0 to 100 mV for ac voltages of from
shown in Fig 7-15. ,

NOTE: The receiver shall also.be able to reject small ac common-mode signals in frequencies outside of this range.

7.4.2.4 Total Common-Mode Range. When the receiving interface circuit at the receiving equipment
is driven by a differential input signal at either BR or BR/2 meeting the frequency and duty cycle toler-
ances specified for the circuit being driven, the receiver output shall assume the intended output state as
specified in 7.4.2.1 in the presence of a total common-mode voltage, dc plus ac, referenced to circuit VC in
magnitude from 0 to 5.5 V, as shown in the test setup of Fig 7-15. The ac component shall not exceed the
requirements of 7.4.2.3.
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7.4.2.5 Idle Input Behavior. When the receiver becomes nonidle after a period of idle on the inte

Fig 7-15
Common-Mode Input Test

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

the characteristics of the signal at the output of the receiver shall stabilize within the startup
] for the device incorporating the receiver so that it is not prevented from meeting the jitter sy
established for that device.

dle to nonidle transition, even in the presence of signal droop due to ac coupling in the intq
pT receiver circuits.

1.2.6 Fault Tolerance. Any single receiver in the interface shall tolerate the application of es
ration of the receiver according to the specifications of 7.4.2.1 through 7.4.2.6 shall not be imp

dition, the magnitude of the current into either input of the receiver under any of the fault g
pecified shall not exceed 3 mA.

e
5o \
3 .
A
‘ FAULT SWITCH SETTINGS
B COND;TION LEA1D A LEA? B

: 1993
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Itage

rface
elay
ecifi-

receiving unit shall take precautions to ensure that a HI to idle transition is not falsely interpreted

rface

ch of

Its specified by the switch settings in Fig 7-16 indefinitely, and after the fault condition is ren'i)ved,

ired.
ondi-

2 4 3

i 3 3 4

4 4 4

21® \ 5 2 3

+ ™ & 3 P

3 vC 7 2 2

16 VOLTS 4 8 3 3
Fig 7-16

‘Receiver Fault Conditions
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7.4.3 AUI Cable Characteristics. The interface cable consists of individually shielded twisted pairs of
wires with an overall shield covering these individual shielded wire pairs. These shields must provide suf-
ficient shielding to meet the requirements of protectlon against rf interference and the following cable
parameters. Individual shields for each signal pair are electrically isolated from the outer shield but not
necessarily from each other.

The overall shield shall be returned to the MAU and DTE Units via the AUI connector shell as defined in
7.6.2 and 7.6.3. If a common drain wire is used for all the signal pair shields, then it shall be connected to
pin 4. Individual drain wire returns for each signal pair may be used (see 7.6.3). It is recommended that
individual drain wires be used on all control and data circuit shields to meet satisfactory crosstalk levels. If
individual drain wires are used, they shall be interconnected within the AUI cable at each end and shall be
connected at least to pin 4 at each end of the cable.
i_’lfhe_py_esﬁnce of the Contro] Out signal pair is optional. If driver or receiver circuit components for CO

r
nd MAU

e not provided, consideration should be given to properly terminating the CO signal pair within the DTE
to preclude erroneous operation.

7.4.3.1 Conductor Size, The dc power pair in the interconnecting cable, voltage ‘common and voltage
fninus, shall be composed of a twisted pair of sufficient gauge stranded wires to result in a pominal de
resistance not to exceed 1.75 Q per conductor.
Conductor size for the signal palrs shall be determined according to the ac related parametery 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 tp any other
air in the same cable sheath (when each pair is driven per 7.4.1.1-7.4.1.5) shall have a minimym value of
0 dB of attenuation measured over the range of BR/2 to BR. :

7.4.3.8 Differential Characteristic Impedance. The differential characteristic impedance for all
ignal pairs shall be equal within 3 Q and shall be 78 + 5.Q measured at a frequency of BR.

7.4.3.4 Transfer Impedance

(1) The common-mode transfer impedance shall not exceed the values shown in Fig 7-17 over the indi-
cated frequency range.

(2) The differential mode transfer 1mpedance for all pairs shall be at least 20 dB below the common-
" mode transfer impedance.

7.4.3.5 Attenuation. Total cable attenuation levels between driver and receiver (at separate stations)
' j)r each signal pair shall not.exceed 3 dB over the frequency range of BR/2 to BR (Hz) for singwave mea-
urements.

7.4.3.6 Timing Jitter. Cable meeting this specification shall exhibit edge jitter of no more than 1.5 ns
3t the receiving end when the longest legal length of the cable as specified in 7.4.3.1 through 7.4.3.7 is ter-

inated in a 786+ 1% resistor at the receiving end and is driven with pseudorandom Manchester encoded
inary data from a data generator which exhibits no more than 0.5 ns of edge jitter on half|bit cells of
xactly 1/2. BT and whose output meets the specifications of 7.4.1.1 through 7.4.1.5. This test shall be con-
ucted in'a’'noise-free environment. The above specified component is not to introduce more than 1 ns of
dge jitter into the system.

OTE: Special attention will have to be applied to the cable characteristics and length at 20 Mb/s.

7.4.8.7 Delay. Total signal delay between driver and receiver (at separate stations) for each signal pair
shall not exceed 257 ns.

7.5 Functional Description of Interchange Circuits
7.5.1 General. The AUI consists of either three or four differential signal circuits, power, and ground.

Two of the circuits carry encoded data and two carry encoded control information. Circuits DO (Data Out)
and CO (Control Out) are sourced by the DTE, and circuits DI (Data In) and CI (Control In) are sourced by
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the MAU. The interface also provides for power transfer from the{DTE to the MAU. The CO circ

optional.

7.5.2 Definition of Interchange Circuits. The following circuits are defined by this specification]:

10K 100K

Common-Mode Transfer Impedance

™

FREQUENCY (Hz)

Fig 7-17

10M

Protective Ground

Signal-Direction
Circuit - Name to MAU ﬁM(X?I Remarks
DO Data Out X Encoded Data
DI Data In X Encoded Data
Cco Control Qut X Encoded Control
Cl ControlIn X Encoded Control
VP Voltage Plus X 12 Volts
VC Voltage Common X Return for VP
PG X Shield

7.8.2.1 Circuit DO;-Data Out. The Data Out (DO) circuit is sourced by the DTE. It is a differe

it is

ntial

bit is

] L
aAgv LD U.I.IDUUUU- Ao all ]..IJJJ

The following symmetry requirements shall be met when the DTE transfers pseudo-random Manchester
encoded binary data over a DO circuit loaded by the test load specified in 7.4.1.1.

Bit cells generated internal to the DTE are required to be 1 BT within the permitted tolerance on data
rate specified in 7.3.2. Half bit cells in each data bit are the be exactly 1/2 BT (that is, the reference point
for edge jitter measurements) within the permitted tolerance on the data rate specified in 7.3.2. Each tran-
sition on the DO circuit is permitted to exhibit edge jitter not to exceed 0.5 ns in each direction. This means
that any transition may occur up to 0.5 ns earlier or later than this transition would have occurred had no
edge jitter occurred on this signal.
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7.5.2.2 Circuit DI-Data In. The Data In (DI) circuit is sourced by the MAU. It is a differential pair
consisting of DI-A (Data In circuit A) and DI-B (Data In circuit B).

The signal transferred over this circuit is Manchester encoded. An input message containing a zero bit is
encoded as CDO. An input message containing a one bit is encoded as CD1. An input_idle message is
encoded as an IDL.

A DTE meeting this specification shall be able to receive, on the DI circuit Wlthout a detectable FCS
error, normal preamble data arranged in legal length packets as sent by another station to the DTE. The
test generator for the data on the DI circuit shall meet the requirements for drivers in MAUs specified in
7.4.1.1 through 7.4.1.5 and shall drive the DI circuit through a zero length AUI cable. Random amounts of
edge jitter from O to 12 ns on either side of each transition shall be added by the test generator to transi-
tions 1n bits in the preamble and random amounts of edge J1tter of from O to 18 ns on e1ther side of each

: : et etest generator

d] all be 47 blts of preamble, followed by the 8 b1t SFD

[OTE: A significant portion of the system jitter may be nonrandom in nature and consists of a steady-state shift.of the midbit transi-
ons in either direction from their nominal placement. A 16.5 ns edge jitter is expected on the transmitted\signal at|the receiving
ITE, worst case. The difference between 16.5 ns and 18 ns jitter represents receiver design margin.

ot

7.5.2.3 Circuit CO-Control Qut (Optional). The Control Out (CO) circuit)is sourced by the DTE. It
& a differential pair consisting of CO-A (Control Out circuit A) and CO-B (Cdntrol Out circuit B). ‘
The signal transferred over this circuit is encoded as described in 7.3.1.2A mau_request megsage is en-
doded as CS1. A normal message is encoded as IDL. An isolate messagé is encoded as CS0.

o

7.5.2.4 Circuit CI-Control In. The Control In (CI) circuit i 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 deseribed in 7.3.1.2. A mau_available megsage is en-
doded as IDL. A mau_not_available message is encoded a8.CS1. A signal_guality_error message|is encoded
gs a CS0. ' '

7.5.2.5 Circuit VP-Voltage Plus. The Voltage Plus (VP) circuit is an optional circuit that may be
urced from the DTE. If this circuit is sourced from the DTE it shall be capable of operating gt one fixed
level between + 12 V de — 6% and + 15 V-dc¢ + 5% with respect to circuit VC for all currents from 0 to
00 mA. The source shall provide protection for this circuit against an overload condition. The method of
erload protection is not specified; however, under no conditions of operation, either normal or overload,
all the source apply a voltage to-circuit VP of less than 0 or greater than + 15.75 V dc as spectfied above.
U designers are cautioned that-protection means employed by power sources may cause thq voltage at
ignal VP to drop below the minimum operational voltage specified without going completely t9 zero volts
hen loads drawing in excéss of the current supplied are applied between VP and VC. Adequate{ provisions
all 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 circuit.

7.5.2.6 Circuit VC-Voltage Common, Circuit VC is the ground return to the power sourcg for circuit
P, capable ofsinking 2.0 A. Also, all common-mode terminators for AUI circuits shall be madg to circuit
C.

= A

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

7.5.2.8 Circuit Shield Terminations. Individual pin terminations shall meet the following require-
ments:

(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 € 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 the slide latch, and all male connectors shall have the locking posts (as
defined in Figs 7-18, 7-19, and 7-20) as the retention system.

7.6.2 Line Interface Connector. A 15-pole connector having the mechanical mateability dimensions as
spemﬁed in IEC 807 2 [7] w1th gold—plated contacts shall be used for the line mterface connector The shells
of thege-eor g 2 e-the : ¢ e path.
The resistance of the cable shleld to equlpment chassw shall not exceed 5 mQ, after a minimumof 500
cycles|of mating and unmaking.

® 234 % 0.18mm —~ ® o076 + 0.13mm
© 391 £ 0.36 mm —> [ ‘ { LEGEND
¢ A = (0.092 + 0.007 inches)
* L ] B = (0.102 = 0.015 inches)
Y g = gj.10524 :(;).014 inches)
: = 0.102 + 0.13 inch
® 259+ 038mm © 1087 % 025mm 0402 — 008 inches 22.?)’
E = (0.035 + 0.008 inches)
= (0.03 + 0.005 inches)
1 //// —— / ® 089+ 0.20mm G = {0.416 + 0.010 inches)
e @ + 0.33 mm\(tax)
= 0.13:mm (min)
CONNECTOR = LOCKING POST
FLANGE

-
® 217 +038 mm -’l
e

@ 4.19 + 0.25 om

LEGEND

_J

= {0.085 + 0.015 inches)
B = (0.037 + 0.012 inches)
=] | © 1067 £ 0.25 mm = (0.165 + 0.010 inches diameter)
f\ = mm £ 0010 inch
:"“ E = (0 135 -+ 0.010 inches dlamtef)
084 = 031 mo— =
— y
— L— ® 343 + 025 mm SLIDE LATCH SCREW
Fig 7-18

Connector Locking Posts
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—© 252 + 0.23 mm

® 457 mm

.

- (B) 43.82 * 025mm

<=

r© 3.66 + 0.38 mm

S Swm—

—

e D

LEGEND

A = (0.135 4 0.005 inches)
B8 = (1.725 % 0.010 inches)
C = (0.144 + 0.015 inches)
= {0.099 + 0.009 inches)
€ = (0.180 inches diam min )

Fig 7-19
Connector Slide Latch

(material 24 gauge maximum)

PANEL SHALL BE FLUSH OR BEHIND
CONNECTOR FLANGE FOR PROPER
SLIDE LATCH OPERATION

FEMALE
CONNECTOR
WITH SLIDE

" LATCH

E_“E";‘i

AU
INTERFACE
CABLE

~ FEMALE

‘ edadedudnl I - 1

1.58 mm PANEL OR
2 WASHERS 0.79 mm EACH

THICK UNDER HEX MALE CONNECTOR

WITH LOCKING POST

3

MAU

Fig 7-20
Connector Hardware and AUI Cable Configuration
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In order to ensure intermateability of connectors obtained from different manufacturers, the connector
with female contacts shall conform to IEC 807-2 [7] and have gold-plated contacts and tin-plated shells. All
additions to provide for female shell to male shell conductivity shall be on the shell of the connector with
male contacts. There should be multiple contact points around the sides of this shell to provide for shield
continuity.

NOTE: Use of similar metallic surfaces on connector conductors and similar metallic surfaces on the connector shells minimizes gal-
vanic action and reduced performance.

The connector is not specified to prevent operator contact with the shield, and precautions shall be taken
at ingtallation time to ensure that the installer is warned that the shield is not to be brought into contact
with any hazardous voltage while being handled by operating personnel.

See reference [A13].

7.6.3 Contact Assignments. The following table shows the assignment of circuits to connector c(Jntacts:
Contact Circuit Use
3 DO-A Data Out circuit A
10 DO-B Data Out circuit B
11 - DO-S Data Out circuit Shield
5 DI-A Data In circuit A

12 DI-B Data In circuit B
4 DI-S Data In circuit Shield
7 | CO-A Control Out circuit A

15 CO-B Control Qut circuit B
8 CO-S Control Out circuit Shield
2 CL-A Control in circuit A
9 CI-B Control In circuit\B

1 CI-S Control In cireuit Shield
6 vC Voltage Common

13 VP Voltage Plus

14 VS Voltage Shield
Shell PG Protection Ground (Conductive Shell)
NOTES: (1) Voltage Plus and Voltage Common use a single twisted pair in the AUI cable.

(2)|As indicated in 7.4,2)1, the A lgfad of a circuit is positive relative to the B lead for a HI signal and negative for a LO sighal.
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8. Medium Attachment Unit and Baseband Medium Specifications,
Type 10BASES

8.1 Scope

8.1.1 Overwew. This standard defines the functional, electrical, and mechanical characteristics of the
MAU and one specific medium for use with local networks. The relationship of this specification to the
~entire ISO [IEEE] Local Network specification is shown in Fig 8-1. The purpose of the MAU is to provide a

simpfle, inexpensive, and flexible means of attaching devices to the local network medium.

oy
2)

8.

(3)
4
(5)

(6)

osl LAN
REFERENCE MODEL CSMA/CD
LAYERS LAYERS
APPLICATION ' HIGHER LAYERS
. LLC
PRESENTATION / | LOGICAL LINK CONTROL
/
MAC
SESSION , /" |MEDIA ACCESS CONTROL 5—DTE 5 pre
, — (AUl noé)
expose
TRANSPORT ¢ /| PHYSICAL SIGNALING P
/ -
¢t X
NETWORK / : :
/ : AUl
y : :
DATA LINK /
PHYSICAL
AUl =“ATTACHMENT UNIT INTERFACE
MAU ‘& MEDIUM ATTACHMENT UNIT
MDI..C=  MEDIUM DEPENDENT INTERFACE
PMAN" = PHYSICAL MEDIUM ATTACHMENT
Fig 8-1
Physical Layer Partitioning, Relationship to the ISO Open Systems Interconnection
(OSD Reference Model

L1.1 Medium Attachment Unit. The MAU has the following general characteristics:

Enables cotipling the PLS by way of the AUT to the explicit baseband coaxial transmission gystem
definedin'this section of the standard.
Supports message traffic at a data rate of 10 Mb/s (alternative data rates may be considgred in
future additions to the standard).
Provides for driving up to 500 m (1640 ft) of coaxial trunk cable without the use of a repeater

Permits the DTE to test the MAU and the medium itself.

Supports system configurations using the CSMA/CD access mechanism defined with baseband sig-
naling.

Supports a bus topology interconnection means.

8.1.1.2 Repeater Unit. The repeater unit is used to extend the physical system topology, has the same
general characteristics as defined in 8.1.1.1, and provides for coupling together two or more 500 m (1640 ft)
coaxial trunk cable segments. Multiple repeater units are permitted within a single system to provide a
maximum trunk cable connection path of 2.5 km (8200 ft) between any two MAUs.
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8.1.2 Definitions
baseband coaxial system. A system whereby information is directly encoded and impressed on the coax-
ial transmission medium. At any point on the medium, only one information signal at a time can be present
without disruption (see collision).
BR. The rate of data throughput (bit rate) on the medium in bits per second.
BR/2. One half of the BR in Hertz.

branch cable. The AUI cable interconnecting the DTE and MAU system components.

c{rx‘ier sense. In a local area network, an ongoing activity of a data station to detect whether,anjother sta-
tign is transmitting.

NOTE: A collision presence signal is provided by the PLS to the PMA sublayer to indicate that one or more stations dre currently
trgnsmitting on the trunk coaxial cable.

:::kaxial cable. A two-conductor (center conductor, shield system), concentric, ¢onstant impeda hce trans-
ssion line used as the trunk medium in the baseband system. .

coaxial cable interface. The electrical and mechanical interface to'the shared coaxial cable medium
either contained within or connected to the MAU. Also known as MDE(Medium Dependent Interface).

coaxial cable segment. A length of coaxial cable made up frofm one or more coaxial cable se¢tions and
cdaxial connectors, and terminated at each end in its characteristic impedance.

cqllision. An unwanted condition that results from conicurrent transmissions on the physical medium.

collision presence. A signal provided by the PLS to'the PMA sublayer (within the data link layér) to indi-
cate that multiple stations are contending for access to the transmission medium.

compatibility interfaces. The MDI coaxial cable interface and the AUI branch cable interfacp, the two
pdints at which hardware compatibility.is defined to allow connection of independently designed|and man-
uflactured components to the baseband transmission system.

dium Attachment Unit (MAU). In a local area network, a device used in a data station to ¢ouple the
ddta terminal equipment to(the transmission medium. :

Medium Dependent. Interface (MDI). The mechanical and electrical interface between the trjunk cable
mpdium and the MAU-

Physical Mediunm Attachment (PMA). The portion of the MAU that contains the functional cipcuitry.

Physical-Signaling (PLS). That portion of the Physical Layer, contained within the DTE thaf provides
the logical and functional coupling between MAU and Data Link Layers.

rencaterAdovice usod to oxtor e tenp sootoTy—or-iterconmectivity-of the physt sditm beyond

that imposed by a single segment, up to the mamum allowable end-to-end trunk transmission line

length. Repeaters perform the basic actions of restoring signal amplitude, waveform, and timing applied to
normal data and collision signals.

trunk cable. The trunk coaxial cable system.

8.1.3 Application Perspective: MAU and MEDIUM Objectives. This section states the broad objec-
tives and assumptions underlying the specifications defined throughout this section of the standard.
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8.1.3.1 Object

1

(2)

3

Provide the physical means for communication between local network data link entities.

NOTE: This standard covers a portion of the physical layer as defined in the OSI Reference Model and, in addition, the phys-
ical medium itself, which is beyond the scope of the OSI Reference Model.

Define a physical interface that can be implemented independently among different manufacturers
of hardware and achieve the intended level of compatibility when interconnected in a common local
network.

Provide a communication channel capable of high bandwidth and low bit error rate performance.
The resultant mean bit error rate, at the physical layer service interface should be less than one
part in 108 (on the order of one part in 109 at the link level).

4)
5)

(6)

Provide for ease of installation and service.
Provide for high network availability (ability of a station to gain access to the medium @nd|enable
the data link connection in a timely fashion).
Enable relatively low-cost implementations.

.1.3.2 Compatibility Considerations. All implementations of this baseband coaxial system ghall be
compatible at the MDI. '

This standard provides one explicit trunk cable medium specification for the/interconnection of all MAU

devides. The medium itself, the functional capability of the MAU, and the AUlvare defined to prov
highest possible level of compatibility among devices designed by different manufacturers. Design
free to implement circuitry within the MAU in an application-dependent-manner provided the MI]
face and AUI specifications are satisfied.

Subsystems based on this specification may be implemented in several different ways provided cd
bility at the medium is maintained. It is possible, for examplesto/design an integrated station wh
MAU is contained within a physical DTE system component,.thereby eliminating the AUI cable. The

ide the
eTS are
Inter-

mpati-
bre the
device

designer (and system user) shall then consider such factors)as topological flexibility, system availability,

and donfigurability.

8.1.3.3 Relationship to PLS and AU Interface. This section defines the primary physical la
the local area network, a layer comprised of both'the physical medium and the rudimentary circuit
essa%r to couple a station’s message path directly to/from the medium. The complete logical physics
of the local area network may reside physically in two distinct locations, the MAU and the DTE. The
a cloge relationship exists between this section and Section 7. This section specifies all of the p
medipm parameters, all of the PMA logical functions re51d1ng in the physical MAU, and references t|
assodiated with and defined throughout Section 7.

NOTE} The design of a physical MAU component requires the use of both this section and Section 7 for the PLS and AUI s
tions.

8.1.3.4 Modes of Operation. The MAU is capable of operating in either a “Normal” mode
optional “Monitor” made:

DTE. Data output from the DTE is output to the coaxial trunk medium and all data on the

message traffic between stations.

yer for
ry nec-
1 layer
refore,
hysical
he AUI

pecifica-

or an

(1)| Normal Mode. The MAU functions kas a direct connection between the baseband medium and the

coaxial

trunk:medium is input to the DTE. This mode is the “normal” mode of operation for the intended

on the

(2)| ‘Monitor Mode, The MAU Transmit Function is disabled to prevent data from being output

trunk coaxial medium while the receive function and collision presence function remain active for
purposes of monitoring medium message traffic. This mode also serves as a limited test mode at the
same time it isolates the MAU transmitter from the medium. Under most local (that is, intrasta-
tion) fault conditions the monitor mode enables continued use of the network while the local station
is being serviced.

8.2 MAU Functional Specifications. The MAU component provides the means by which signals on the
four physically separate AUI signal circuits to/from the DTE and their associated interlayer messages are
coupled to the single coaxial cable baseband signal line. To achieve this basic objective, the MAU compo-

117


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

ISOMEC 8802-3 : 1993 )
ANSVIEEE Std 802.3, 1993 Edition LOCAL AND METROPOLITAN AREA NETWORKS:

nent contains the following functional capabilities to handle message flow between the DTE and the base-
band medium:

(1) Transmit Function. The ability to transmit serial data bit streams on the baseband medium from
the local DTE entity and to one or more remote DTE entities on the same network.

(2) Receive Function. The ability to receive serial data bit streams over the baseband medium.

(8) Collision Presence Function. The ability to detect the presence of two or more stations’ concurrent

" transmissions.

(4) Monitor Function (Optional). The ability to inhibit the normal transmit data stream to the medium
at the same time the normal receive function and collision presence function remain operational.

(5) Jabber Function. The ability to automatically interrupt the transmit function and inhibit an abnor-

mally long output data stream.

8.2.1 MAU Physical Layer Functions

no more than 2 bits (2 full bit cells) of information may be received from the DO circuit'and not transmitted
onto the coaxial medium. In addition, it is permissible for the first bit sent to contain encoded phase viola-
tiohs or invalid data; however, all successive bits of the frame shall be reproduced with no more[than the
specified amount of jitter. The second bit cell transmitted onto the coaxial\eable shall be carried [from the
DQ signal line and transmitted onto the coaxial trunk cable medium with(the correct timing and signal lev-
els| The steady-state propagation delay between the DO circuit receiverinput and the coaxial cable output
shall not exceed one-half bit cell. There shall be no logical signal inversions between the branch ¢able DO
cirguit and the coaxial trunk cable (for example, a “high” logic level input to the MAU shall restlt in the
lesp negative current flow value on the trunk coaxial medium); A positive signal on the A signal ldad of the
DQ circuit shall result 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
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 idlé-after a frame is output, the MAU shall then actjvate 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 start of the output idlg signal and shall maintain an active collision presence stiate for a
time equivalent to 10 £ 5 bit cells.

8.2.1.1 Transmit Function Requirements. At the start of a frame transmission on the coa%al cable,

8.2.1.2 Receive Function'Requirements. The signal from the coaxial trunk cable shall b¢ directly
coypled to the receiver and subsequently ac coupled before reaching the receive circuit connected to the
DTE. The receive 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) offinforma-
tion may be received from the coaxial cable and not transmitted onto the receive (DI) circuit. In addition, it
is permissiblefor the first bit sent over the receive circuit to contain encoded phase violations or invalid
datla; however, ‘all successive bits of the frame shall reproduce the incoming signal with no more than the
abgve speeified amount of jitter, This implies that the second bit cell sent onto the DI circuit presents valid
datla to{the branch cable. The steady-state propagation delay between the coaxial cable and the regeive (DI)
cirgiitioutput 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 bandwidth of the receiver function
shall be limited to 50 MHz. »

A MAU meeting this specification shall exhibit edge jitter into the DI pair when terminated in the appro-
priate test load specified in 7.4.3.6, of no more than 8.0 ns in either direction when it is installed on the dis-
tant end of all lengths between 2.5 m and 500 m of the cable specified in 8.4.1.1 through 8.4.2.1.5
terminated at both ends with terminators meeting the impedance requirements of 8.5.2.1 and driven at
one end with pseudo-random Manchester encoded binary data from a data generator that exhibits no more
than 1.0 ns of edge jitter in either direction on half-bit cells of exactly 1/2 BT and whose output meets the
specifications of 8.3.1.3 except that the risetime of the signal must be 30 ns + 0, — 2 ns. This test shall be
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conducted in a noise-free environment. The combination of coaxial cable and MAU receiver introduce no
more than 6 ns of edge jitter into the system.

The local transtit and receive functions shall operate simultaneously while connected to the medium
operating in the half duplex operating mode.

8.2.1.3 Collision Presence Function Requirements. The signal presented to the CI circuit in the
absence of a collision shall be the IDL signal except when the MAU is required to signal the CS1 signal.

The signal presented to the CI circuit during the presence of a collision shall be the CS0 signals encoded
as specified in 7.3.1.2. This signal shall be presented to the CI circuit no more than 9 bit times after the sig-
nal (for example, dc average) on the coaxial cable at the MAU equals or exceeds that produced by two (or
mor Itti iti cting collisign pres-

only pne MAU is transmitting. A MAU, while not transmitting, may detect the presence of two-othet
trangmitting and shall detect the presence of more than two other MAUSs transmitting. Table 8-1 summa-
rizes|the allowable conditions under which collisions shall be detected.

Thie collision presence function may, in some implementations, be able to sense an_abnormal (foif exam-
ple, gpen) medium. The use of MAUs in repeaters requires added considerations;see’8.3.1.5.
Table 8-1 J
Generation of Collision Presence Signal
MAU Numbers of Transmitters
<2 =2 >2
Transmitting N ; Y Y
Not transmitting N May Y
Y = will generate SQE message
N = will not'generate SQE message

May = maygenerate SQE message

8.2.1.4 Monitor Function Requirements (Optional). Upon receipt of the isolate message the MAU
shalll within 20 ms (implementations: solid-state preferred, relay switched permitted), disable thd trans-
mit flanction in such a way as to prevent both the transmission of signals on the trunk coaxial medigm and
any Lbnormal loading by the disabled trangmitter on the trunk coaxial medium itself. The monitdr func-
tion is intended to prevent a malfunctiening active component (for example, transmit driver) from bringing
dow1] the network. The isolate message shall not interact with the receive or collision presence functions,
thus jpermitting the normal operational mode wherein all data appearing on the trunk coaxial medium are
carrigd to the DTE on the DI signal circuit.

NOTE} Verification for successful execution of the isolate niessage requires use of the trunk coaxial medium itself. This level of guar-
anteed performance requires _use of system layers above the physical layer and implies some interruption of normal trunk coaxial
medium message traffic.

8.2.1.5 Jabber Function Requirements. The MAU shall contain a self-interrupt capability to
inhibjit 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 pr
inal'window of at least 20 ms to at most 150 ms during which time a normal data link frame

from reaching the medium.

When the transmit function has been positively disabled, the MAU shall then activate the collision pres-
ence function as close to the trunk coaxial medium as possible without introducing an extraneous signal on
the trunk coaxial medium. A MAU without the monitor function and powered by the DTE may reset the
jabber and collision presence functions on power reset once the error condition has been cleared. Alterna-
tively, a self-powered MAU may reset these functions after a period of 0.5 s + 50% if the monitor function
has not been implemented. If the monitor function has been implemented then it shall be used to reset the
collision presence and jabber functions.

119


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

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

8.2.2 MAU Interface‘Messages

8.2.2.1 DTE Physical Layer to MAU Physical Layer Messages. The following messages can be
sent by the DTE physical layer entities to the MAU physical layer entities:

Message Circuit Signal Meaning
output DO CD1,CDO  Output information
output_idle DO IDL No data to be output
normal - CO IDL Assume the nonintrusive state on the trunk coaxial
medium
(Optional Circuit)
dsolate CcO CSO(BR) Positively disable the trunk coaxial medium
~ transmitter

8.2,2.2 MAU Physical Layer to DTE Physical Layer. The following megsages can be sent by the

MAU physical layer entities to the DTE physical layer entities: - ; .
I[/Iessage Circuit Signal = Meaning
Llnput DI CD1,CD0  Input information
input_idle DI IDL No information to be input
teau_available CI IDL '~ MAU is)available for output

signal_guality_error CI Cso .. Error.detected by MAU

8.2.2.2.1 input Message. The MAU physical layer sends an input message to the DTE physical
layer when the MAU has a bit of data to send tothe DTE. The physical realization of the input message is
a DO or CD1 sent by the MAU to the DTE on'the data in circuit. The MAU sends CDO if the ingut 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 MAU.

4

8.2.2.2.2 inpui_idle Message. The MAU physical layer sends an input_idle message td the DTE
physical layer when the MAU does’not have data to send to the DTE. The physical realizatjon 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 physical layer'when the MAU is available for output. The mau_available message is always sent
byl a MAU that is always prepared to output data unless the signal_quality_error message shdll be sent
ingtead. Such a MAWY does not require mau_request to prepare itself for data output. The physical realiza-
tign of the mauevailable 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 iinplemented
in[thedollowing fashion:

(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) Iftwo or more remote MAUs are transmitting on the trunk coaxial medium, but the MAU connected
to the local node is not transmitting, then the local MAU shall send the signal_quality_error mes-
sage in every instance when it is possible for it to ascertain that more than one MAU is transmitting
on the trunk coaxial medium. The MAU shall make the best determination possible. It is acceptable
for the MAU to fail to send the signal_quality_error message when it is unable to conclusively deter-
mine that more than one MAU is transmitting.
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{3) When the local MAU is transmitting on the trunk coaxial medium, all occurrences of one or more
additional MAUs transmitting shall cause the szgnalwquahty error message to be sent by the local

MAU toits 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 signal_quality_error message

in accordance with the jabber function requirements of 8.2.1.5.

The signal_quality_error message shall be asserted less than 9 bit cells after the occurrence of the

multi-

ple-transmission condition is present at the MDI and shall no longer be asserted within 20 bit cells after
the indication-of multiple transmissions ceases to be present at the MDI. It is to be noted that an extended

delay_in the removal of the signal quality error message may affect adversely the access method
performance.

The physical realization of the signal_gquality_error message is the CSO0 signal sent by the MAU|
DTE pn the control in circuit.

Note that the MAU is required to assert the signal_quality_error message at the appropriate
whenlever the MAU is powered and not just when the DTE is providing output data.

8.213 MAU State Diagrams. The state diagrams Figs 8-2, 8-3, and 8-4 depiet the full set of a

to the

times

llowed

MAU| state functions relative to the control circuits of the DTE-MAU interface for MAUs without condition-

ing requirements. Messages used in these state diagrams are explained belpw:

(1)| positive_disable. Activates the positive means provided in the MAU transmitter to prevent in
ence with the trunk coaxial medium.
(2)| enable_driver. Activates the path employed during normal operation to cause the MAU trans
to impress data onto the trunk coaxial medium.

terfer-

mitter

(8)| disable_driver. Deactivates the path employed during norinal operation to cause the MAU transmit-

| ter to impress data onto the trunk coaxial medium.

(4)| no_collision. Signifies that the condition of multiple transmitters simultaneously active
trunk coaxial medium does not exist.

(5)| collision. Signifies that the condition of multiple transmitters 81mu1taneously actlve on the
coaxial medium does exist.

bn the

trunk

(6) | not_positive_disable. Deactivates the pesitive means provided in the MAU transmitter to prevent

interference with the trunk coaxial medium.
8.3 MAU-Medium Electrical Characteristics
8.3{1 MAU.-to-Coaxial Cable Interface. The following sections describe the interface betwe

MAU|and the coaxial cable. Negative current is defined as current into the MAU (out of the center ¢
tor of|the cable).

(not ipcluding the means of attachment to the coaxial cable) is recommended to be no greater thaj
The resistance to_the coaxial cable shall be greater than 100 kQ,

8.3.1.1 Input Impvedance. The shunt capacitance presented to the coaxial cable by the MAU c¢ir

bn the
onduc-

éuitry
h 2 pF.

The total capacitive load due to MAU circuitry and the mechanical connector as specifi

in T.5.3.2 shall be no greater than 4 pF.

These conditions shall be met in the power-off and power-on, not transmitting states (over the frequen-

cies BR/2 to BR).

The magnitude of the reflection from a MAU shall not be more than that produced by a 4 pF capac1tance

when measured by both a 25 ns rise time and 25 ns fall time waveform. This shall be met in both the
on and power off, not transmitting states.

power

8.3.1.2 Bias Current. The MAU shall draw (from the cable) between -+ 2 BA and - 25 pA in the power-

off and the power-on, not transmitting states.
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~ PowerOn
| ' UTPUT
e NOT ISOLATED .. ST SR S QUTPYT eeveeieed]
® disable_driver , —=> @ enable_driver
® mau..available ® mau_available
(if no_collision) (if no_collision)
® SQE (if collision) : ® SQE (if collision)
output_idle
\/Z
OUTPUT IDLE

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

® disable_driver
® SQE (if collision)
® mau_available

(if no__collision)

test_timer_done Tw
SQE TEST ucT START-TEST TIMER :
"o disable_driver ® ‘disable_driver
® SQE ® _SQE. (if coilision)
Istart._test..timer)

NOTE: UCT = unconditiohal transition
Tw = walt timé; see 8.2.1.1

Fig 8-2
Interface Function: Simplé MAU Without Isolate Capability

8.3.1.8 Coaxial Cable Signaling Levels. The signal on the coaxial cable due to a single|MAU as
mehsured 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 cur-
rert flow in each direction) the:signal has an offset component (direct current including the effects of tim-
ing distortion) of from —37 mA minimum to —45 mA maximum and an ac component from +28 mA jp to the
offset value. o
e current drive limit shall be met even in the presence of one other MAU transmitter. A MAU shall be

othHer MAUs transmitting concurrently. The MAU shall, in addition, sink no more than +250 pA when the
'he MAU shall smk no more than ~25 tA when the voltage on the center conductor of the cabl¢ drops to

he actual current measured at. a gwen pomt on the cable is a function of the transmltted cunrent and
+ conduc-
ive o 3 g risé and fall
times shall match W1th1n 2 ns. Flgures 8-5 and 8-6 shows typlcal Waveforms present on the cable. Har-
monic content generated from the BR fundamental periodic input shall meet the following requirements:

2nd and 3rd Harmonics: at least 20 dB below fundamental
4th and 5th Harmonics: at least 30 dB below fundamental
6th and 7th Harmonics: at least 40 dB below fundamental
All Higher Harmonics: . atleast 50 dB below fundamental

NOTE: Even harmonics are typically much lower.
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\J/ PowerOn
v JSOLATED e | MAU_IDENTIFY |
@ positive_disable” mau._request ® positive_disable
@ disable_.driver @ disable_driver
® mqu.__cvoiloble' ) mau_request L® mau_not_available
(if no_.collision)
® SQE (if collision) ,
ISOLATED OUTPUT
normal Y/ ) W AR R PR iAo r SRSt I A SN
isolate ® positive_disable
NOT lSOLATED @ enable_driver
output ™ | o mau_available
. . (if no_collision)
® disable_driver | ® SQE (if collision)
® mau_.gvailable
(if no_collision) J/ Output_ldle
® SQF (if collision) OUTPUT IDLE
e posttive. disgbis
\|/ output @ disable_.driver
............ QUTPUT e ~ ® SQE (if collision)
® not_positive._.disable ® mau..availoble
@ enable_driver (if_no.collision)
® mau_.available \]/ Tw
(if no.collision) START TEST TIMER 2
® SQE (if collision) "o positive_disable "
\l/ output_idle : @ disable__driver
‘ ® SQE (if collision
OUTPUTlDLE ......... ® mau (ovqnlable )
@ not_positive_.disable (if no_.collision)
® disable_.driver (start__test__timerl
® SQE (if collision) \k ucT
o ma,u._avoilcble. . ey - ‘ SQE TEST 2
(it no_collision) | G-tmer—done @ positive__disable
\l/ Tw ® disable_driver
. START_ TEST.TIMER 1 % sqe
® not_ positive_disable
® disable_driver - SQE TEST 1
® SQE (if c?lhsnon) test_timer_done ® not__positive_.disable
® mau_available.* UCT ® disable_driver
(if nolcollision) ® SQE
[start_test<timer]
NOTE: UCT = unconditional fransition
Tw = wait fime, see 8.2.1.1
Fig 8-3
Interface Function: Simple MAU with Isolate Capability

The above specifications concerning harmonics cannot be safisfied by a square-wave with a single-pole
filter, nor can they be satisfied by an output waveform generator employing linear ramps without addi-
tional waveshaping. The signals as generated from the encoder within PLS shall appear on the coaxial
cable without any inversions (see Fig 8-6).

8.3.14 Transmit Output Levels Symmetry. Signals received from the AUI DO circuit shall be
transmitted onto the coaxial cable with the characteristics specified in 8.3.1.3. Since the coaxial cable pro-
ceeds in two directions from the MAU, the current into the MAU is nominally twice the current measured

on the coaxial cable.
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Power On

NO OQUTPUT

[reset frame timer]
freset unjab timer]

MAU TRANSMITTER ACTIVE

START TIMER

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

{start frame__timerl

ucT

v LEGAL—LENGTH OUTPUT
P (MAU TRANSMITTER  frroreererssmsmmimssisnssssseicmnseseens

NOT ACTIVE)

(MAU TRANSMITTER ACTIVE) | # frame_.timer_done

isolate * (MAU HAS |"¢"'sqE
MONITOR FUNCTION) | @ positive_disable

output_idle * { (MAU WITHOUT MONITOR FUNCTION) =
K ‘ (MAU WITH® UNJAB' TIMER)

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

® positive_disable

® SQE .
{stastiunjab..timer)
(if self—-powered MAU)

uct

UNJAB WAIT

@ positive_disable output’
@ SQE

unjab._jtimer_done ]

Fig 8-4
Jabber Function

The output signal of a MAU meeting this specification shall exhibit edge jitter of no more than 2.5 ns into
a 25 Q 1% resistor substituted for the connection to the coaxial cable when the DO circuit intg the MAU
is|driven through a zero length AUI cable with pseudorandom Manchester encoded binary data friom a data
derator that exhibits no more than 0.5 ns of edge jitter on half bit cells of exactly 1/2 BT wh
meets the specilications o rough 7.4.1.5. The above speci i i
than 2 ns of edge jitter into the system

The MAU shall not transmit a negative going edge after cessation of the CD output data stream on DO
or before the first edge of the next frame on the DO circuit.

8.3.1.5 Receive Collision Detect Threshold. It is recommended that the MAU implement the colli-
sion detect function with a —=1.492 V to ~1.629 V threshold range corresponding to the recommended toler-
ances for coax drive currents specified in 8.3.1.3. The threshold voltage is measured on the coax at the
MAU connector.
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-17 mA

-41 £ 4 mA

-65 mA
~90 mA

— —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) Voltages are measured on terminated coaxial cable adjacent to transmitting MAU
(4) Manchester coding

Fig 8-6
Typical Coaxial Trunk Cable Signal Waveform

. Collision detection threshold voltages tighter than those recommended above may be used to ijnprove
colligion detection performance in the presence of noise on the coax, poor system component tolerandes, and
coaxial transmit levels obutside of the recommended range.

A MAU that implements the recommended receive threshold shall be considered 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 connected to it to implement receive mode collision detection.? ‘

8.3.2°MAU Electrical Characteristics

8.3.2.1 Electrical Isolation. The MAU must provide isolation between the AUI cable and the coaxial
trunk cable. The isolation impedance measured between each conductor (including shield) of the AUI cable
and either the center conductor or shield of the coaxial cable shall be greater than 250 kQ at 60 Hz and not
greater than 15 Q between 3 MHz and 30 MHz. The breakdown of the isolation means provided shall be at
least 250 V ac, rms. See references [A7], [A8], and [A9]. :

9Repeatered networks may require all MAU components to use the recommended coaxial drive connect levels. This matter is under
consideration.
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8.3.2.2 Power Consumption. The current drawn by the MAU shall not exceed 0.5 A as powered by
the AUIT source. The MAU shall be capable of operating from all possible voltage sources as supplied by the
DTE through the resistance of all permissible AUI cables. The MAU shall not disrupt the trunk coaxial
medium should the DTE power source fall below the minimum operational level under abnormal MAU

load conditions.
The MAU shall be labeled externally to identify the maximum value of current required by the device at

any specified input voltage.

8.3.2.3 Reliability. The MAU shall be designed to provide an MTBF of at least 1 million hours of con-
tinuous operation without causing communication failure among other stations attached to the local net-
work medium. Component failures within the MAU electronics should not prevent communication among
other MAUSs on the coaxial cable. Connectors and other passive components comprising the means of con-
ne¢ting the MAU to the coaxial cable shall be designed to minimize the probability of total network failure.
t should be noted that a fault condition that causes a MAU to draw in excess of 2 mA may ¢aus¢ commu-
nidation failure among other stations.

.3.3 MAU-DTE Electrical Characteristics. The electrical characteristics for thié driver and receiver
components connected to the branch cable within the MAU shall be identical to those as specifigd in Sec-

tiopn 7 of this standard.

.3.4 MAU-DTE Mechanical Connection. The MAU shall be prov1ded with a 15-pin male ¢onnector
as ppecified in detail in the AUI specification, Section 7.

4 Characteristics of the Coaxial Cable. The trunk cable is of constant impedance, coaxial construc-
tiop. 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 makethe connection from the cable to the|termina-
, and between cable sections (if needed). The cable has various electrical and mechanical requirements

.4.1 Coaxial Cable Electrical Parameters

8.4.1.1 Characteristic Impedance. The average characteristic cable impedance shall be §0 + 2 Q,
m asured according to IEC Publications 96-1 [2] and 96-1A [3]. Periodic variations in impedance along a

ance periodicity requirement shall be considered met.

8.4.1.2 Attenuation. The attenuation of a 500 m (1640 ft) cable segment shall not ,excerli 8.5dB
(17 dB/km) measured with a'10 MHz sine wave, nor 6.0 dB (12 dB/km) measured with a 5 MHz sine wave.

8.4.1.8 Velocity of Propagation. The minimum required velocity of propagation is 0.77 c.

8.4.1.4 Edge Jitter; Untapped Cable. Untapped coaxial cable meeting this specification shdll exhibit
edge jitter of no more the 8.0 ns in either direction at the receiving end when 500 m of the cable|is termi-
nated at both ends with terminators meeting the impedance requiremeénts of 8.5.2.1 and is driven at one
endl with(pseudorandom Manchester encoded binary data from a data generator that exhibits no more than
1.0ns of edge Jltter in elther dlrectmn on half bxt cells of exactly 1/2 BT and whose output meets the speci-

in the output current is requlred Thls test ghall be conducted in a noise-free env1ronment The above spec-
ified component is not to introduce more than 7 ns of edge jitter into the system.

8.4.1.5 Transfer Impedance. The coaxial cable medium shall provide sufficient shielding capability
to minimize its susceptibility to external noise and also to minimize the generation of interference by the
medium and related signals. While the cable construction is not mandated; it is necessary to indicate a
medasure of performance expected from the cable component. A cable’'s EMC performance is determined, to
a large extent, by the transfer impedance value of the cable. See reference [A12].
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The transfer impedance of the cable shall not exceed the values shown in Fig 8-7 as a function of fre-
~ quency.

100
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m{/m

0.5 \
0.2 —— ,
T — RN P

0.1

. . } ]
10K 100K ™ 3m iom . “30M  100M
FREQUENCY {Hz)

Fig 8-7

Maximum Coaxial Cable Transfer Impedance

8.4.1.6 Cable DC Loop Resistance. The sum of'the center conductor resistance plus the shieldl resis-
tance, measured at 20 °C, shall not exceed 10 mQ/m:

8.4.2 Coaxial Cable Properties

«4.2.1 Mechanical Requirements. The cable used should be suitable for routing in various epviron-
ments, including but not limited to, dropped ceilings, raised floors, cable troughs, and throughout open
floor |space. The jacket shall provide insulation between the cable sheath and any building striictural
metal. Also, the cable shall be/capable of accepting coaxial cable connectors, described in 8.5. The cable
shalllconform to the following requirements.

8.4.2.1.1 General Construction

(1)| The coaxialcable shall consist of a center conductor, dielectric, shield system, and overall inspilating
jacket,
(2)| The concentricity (for example, positional relationship between center conductor to shield system
andouter jacket) of the coaxial cable elements shall be greater than 92% as measured in acegrdance
rith the following general configuration:

(jacket radius) — (center offset)

100292%
jacket radius x 1002 92%

It is assumed that the offset and radius values are worst case at any point within the measured
system. :

(3) The coaxial cable jacket, shield system, and dielectric material shall be pierceable either by means
of the connector type specified in 8.5.3.2 or by an external core tool. Overall cable system pierceabil-
ity (the ability of a tap probe to pierce the jacket, shields, and dielectric cable system without
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substantial dielectric deformation and without causing a short circuit between center conductor and
shield system) is a vital parameter affecting tap connection reliability.

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

(4) The coaxial cable shall be sufficiently flexible to support a bend radius of 254 mm (10 in).

8.4.2.1.2 Center Conductor. The center conductor shall be 2.17 mm * 0.013 mm (0.0855 +
0.0005 in) diameter solid copper.

8.4.2.1.3 Dielectric Material. The dielectric may be of any type provided the conditions of 8.4.1.2,
8.4.1.3 and 84 2.1 1(3) are met

8.4.2.1.4 Shielding System

1) The shielding system may contain both braid and foil elements sufficient to, meet th¢ 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 [in).
4) The outermost shield shall be greater than 90% coverage. The use of tinned copper braid js 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 specifications of 8.4.1 and 8.4.2 are
met.

2) Either of two jacket dimensions may be used for the two broad classes of materials, prgvided the
specification of 8.4.2.1.1 are met:

(a) Polyvinyl Chloride (for example, PVC) ot equivalent having an OD of 10.287 mm = 0.178 mm
(0.405 nominal £ 0.007 in).

(b) Fluoropolymer (for example, FEP/E-CTFE) or equivalent having an OD of 9.825 mm +*
0.254 mm (0.375 nominal £ 0.010in).

The cable shall meet applicable flammability and smoke criteria and local and national codgs for the
inktalled environment. See 8.7.4. Different types of cable sections (for example, polyvinyl chloridg and fluo-
ropolymer dielectric) may be interconnected, while meeting the sectioning requirements off 8.6. See
references [A6] and [A14].

[cER=]

8.4.2.2 Jacket Marking. The cable jacket shall be marked with annular rings in a color cgntrasting
wI,h the background eolor of the jacket. The rings shall be spaced at 2.5 m + 5 cm regularly along the entire
length of the cable.Itis permissible for the 2.5 m spacing to be interrupted at discontinuities between cable
seftions joined by c¢onnectors. (See 8.6.2.2 for MAU placement rules that mandate cable markipgs.) It is
retommended that the base color of the cable jacket itself be a bright color (for example, yellow) uther than
thpat normally‘used for power mains.

CD

4,3 Total Segment DC Loop Resistance. The sum of the center conductor, connectors, and shield
re istance shall not exceed 5 Q total per segment. ’

overall allowable segment length accordingly. Values given above are at 20 °C. For temperature variations,
cable length shall be adjusted accordingly such that the 5 Q total is not exceeded.

If a trunk coaxial cable segment consists of several cable sections, then all connectors and internal resis-
tance of the shield and center conductor shall be included in‘the loop resistance measurement.

8.5 Coaxial Trunk Cable Connectors. The trunk coaxial medium requires termination and may be

extended or partitioned into sections. Devices to be attached to the medium as MAUs require a means of
connection to the medium, Two basic connector types provide the necessary connection means:
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(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 the
transmitted data are well below UHF range (being band-limited to approximately 20 MHz), high-quality
versions of the connectors are not required (but are recommended).

All of the coaxial tap connectors shall follow the requirements as defined in 8.5.3.

8.5.1 Inline Coaxial Extension Connector. All coaxial cables shall be terminated with the Type N
plug connectors. A means shall be provided to ensure that the connector shell (which connects to the cable
sheath) does not make contact with any building metal or other unintended conductor. An insulating sleeve

or bormmmmhummmsmnmm_smmmp
Inlihe coaxial extensions between two sections of coaxial cable shall be made with a pair of Type'N [recep-

tacle ponnectors joined together to form one “barrel.” An insulating sleeve or boot shall also be-propvided
with ¢ach barrel assembly.

8.5.2 Coaxial Cable Terminator

815.2.1 Termination. Coaxial cable terminators are used to provide a termination impedance for the
cable [equal in value to its characteristic impedance, thereby minimizing refléction from the ends |of the
cableq. Terminators shall be packaged within an inline female receptacle\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 1 W or greater.

8/5.2.2 Earthing. Either the coaxial cable terminator or inline ‘extension connector provides a gonve-
nient location for meeting the earth grounding requirement of 86.2:3. It is recommended that a ground lug
with qurrent rating of at least 1500 ampacity be provided on one of the two terminators or on one ext¢nsion
conneftor used within a cable segment.
NOTES: (1) A single ground return lug on an inline connector located\in the center of the cable transmission system may be|used to

satisfy this requirement.
(2) Alternatively, terminators might be supplied in pairs, one with and one without the ground lug connection point.

8.5.8 MAU-to-Coaxial Cable Connection{A means shall be provided to allow for attaching a MAU to
ial cable. The connection shall not disturb the transmission line characteristics of the cable dignifi-
; it shall present a predictably low: shunt capacitance, and therefore a negligibly short stub length.
This i facilitated by the MAU being located as close to its cable connection as possible; the MAU arIi con-
nectoy are normally considered to be one assembly. Long (greater than 30 mm) connections between the
coaxidl cable and the input of the MAU jeopardize this objective.

Overall gsystem performancé is dependent largely on the MAU-to-coaxial cable connection being pf low
shunt|capacitance.

If the design of the connéetion is such that the coaxial cable is to be severed to install the MAU, thd coax-
ial calle segment shall-still meet the sectioning requirements of 8.6.2.1. Coaxial connectors used on[a sev-
ered cpble shall betype N, as specified in 8.5.1.

Theltype N connectors selected should be of high quality (that is, low contact resistance) to minimige 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 require-
mentq as defined throughout 8.5.3.1 and 8.5.3.2.

8.5.3.1 Electrical Requirements. Requirements for the coaxial tap connector are as follows:

(1) Capacitance: 2 pF nominal connector loading measured at 10 MHz.

NOTE: Total capacitance of tap and active circuitry connected directly shall be no greater than 4 pF. Specific implementa-
tions may allocate capacitance between tap and circuitry as deemed appropriate.

(2) Contact resistance (applies to center conductor and shield contacts): 50 mQ maximum for both
shield and center conductor over useful connector lifetime.
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(3) Contact material: surface material on signal probe or shield sufficient to meet contact
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
nal conductors in the normal operating environment.

(8) Probe current rating: 0.1 A per contact (probe and shield)

(7) Shield current rating: 1 A surge for 1 s

8.5.3.2 Mechanical Requirements

8.5.3.2.1 Connector Housing. Shielding characteristics: > 40 dB at 50 MHz,

LOCAL AND METROPOLITAN AREA NETWORKS:

resistance

and exter-

S
b
T

v
[4

ould consider the relevant electrical and mechanical parameters at the point of electrical
btween tap probe and cable center conductor to ensure that a reliable electrical contact is

tained throughout the useful life of these components. It is recommended thatcsome means b,
tI ensure relatively constant contact loading over time, with creep, in temperature, and typical environ-

ent. Typical coaxial tap connector configurations are shown in Figs 8-8 and 8-9. See refere
A15], and [A16]. ,

CABLE TROUGH

TAP BLOCK COAXIAL CABLE

TAP SCREW

NOTE: Tutorial only and not part of specification

Fig 8-8
Coaxial Tap Connector Configuration Concepts

ter layer(s) of the shield system to make effective capture of the outer braid (pick 2 or m

8.5.3.2.2 Contact Reliability. Overall performance of the LAN system depends to a largl extent on
tte reliability of the coaxial cable medium and the connection to that medium. Tap connectig

n systems
connection
made and
e provided

nces [Al], ‘

8.5.3:28 Shield Probe Characteristics. The shield probe shall penetrate the cable 1acket and

re typical

8.6.1 Transmission System Model. Certain physical limits have been placed on the physical

transmis-

sion system. These revolve around maximum cable lengths (or maximum propagation times), as these
affect critical time values for the CSMA/CD access method. These maxima, in terms of propagation times,
were derived from the physical configuration model described here. The maximum configuration is as fol-
lows:
(1) A trunk coaxial cable, terminated in its characteristic impedance at each end, constitutes a coaxial

segment. A coaxial segment may contain a maximum of 500 m of coaxial cable and a maximum of

130


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

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

MAU
SIGNAL RETURN
(] |

\\\\\\\\\\\\\\\\\ SOV

2)
3

4)

(5)

Th
2AU
of cogl
three

Y e DIELECTRIC
COAXIAL CENTER
CABLE CONDUCTOR

§ __— SHIELD SYSTEM
\\\\ \\\\\\\\\\\\\\\\\\ \\\\\\\\ ~———— JACKET

C = CAPACITIVE LOADING, SEE 85.3,1

R = CONTACT RESISTANCE, SEE 8.5.3.1

Fig 8-9
Typical Coaxial Tap Connection Circuit

Edition

100 MAUs. The propagation velocity of the coaxial cable‘is assumed to be 0.77 ¢ minimum (c =

300 000 km/s). The maximum end-to-end propagation delay for a coaxial segment ig 2165 ns.
A point-to-point link constitutes a link segment. A link-segment may contain a maximum end-
propagation delay of 2570 ns.

coaxial segments and count toward the maximmum number of MAUs on a coaxial segment. Re
sets may be located in any MAU position-on a coaxial segment but shall only be located at t
of a link segment.

The maximum length, between driver-and receivers, of an AUI cable is 50 m. The propagation
ity of the AUI cable is assumed tobe 0.65 ¢ minimum. The maximum allowable end-to-end de
the AUI cable is 257 ns.

Repeater sets are required for segment interconnection. Repeater sets occupy MAU posit}i‘Ens on

to-end

eater
ends

veloc-
lay for

The maximum transmission path permitted between any two stations is five segments, four

repeater sets (including optional AUIs), two MAUSs, and two AUIs. Of the five segments a max
of three may be coaxial 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 thef
required (see Fig 8-14). End-to-end jitter, propagation delay, and attenuation requirements shall still be met.

imum

 is not

maximum transmission path consists of 5 segments, 4 repeater sets (with AUls), 2 MAUB, and

s (see Fig 8-10). The total number of segments equals the number of link segments plus the n

nmber

xial segments. If there are two link segments on the transmission path, there may be a maximum of

8.6

coaxial-segments on that path. If there are no link segments on a transmission path, there m4
um of three coaxial segments on that path given current :repeater technology

y be a

indary

.2 Transmission System Requirements

8.6.2.1 Cable Sectioning. The 500 m (1640 ft) maximum length coaxial cable segment need not be
made from a single, homogeneous length of cable. The boundary between two cable sections (joined by
coaxial connectors: two male plugs and a barrel) represents a signal reflection point due to the impedance
discontinuity caused by the batch-to-batch impedance tolerance of the cable. Since the worst-case variation
from 50 Q is 2 Q, a possible worst-case reflection of 4% may result from the joining of two cable sections.
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Fig 8-10

Maximum Transmission Path

Coanxial Cable Segment
{500 m max)

<«— AUl Cable Cooxial Cable
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[ i =
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Pig 8-11
Minimal System Configuration
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|
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Fig 8-12

Minimal System Configuration Requiring a Repeater Set
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An Example of a Large System with Maximum Transmission Paths
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Fig 8-14

An Example of a Large Point-to-Point Link System (5140 ns)

The configuration of long cable segments (up to 500 m) from smaller sections must be made with carg. The
. followjing 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{ feasi-
ble for short segments, and results in minimal reflections from cable impedance discontinuitigs.
(2) | If cable segmeénts are built up from smaller sections, it is recommended that all sections com¢ from
the same manufacturer and lot. This is equivalent to using a single cable, since the cable discontinu-
ities are duie to extruder limitations, and not extruder-to-extruder tolerances. There are no restric-
tions in>cable sectioning if this method is used. However, if a cable section in such a system ig later
replaced, it shall be replaced either with another cable from the same manufacturer and lot, ot with
one of the standard lengths described below.
(3) "If uncontrolled cable sections must be used in building up a longer segment, the lengths should be
chosen so0 that refiections, when they occur, do not have a high probability of adding in phase. This
can be accomplished by using lengths that are odd integral multiples of a half wavelength in the
cable at 5 MHz; this corresponds to using lengths of 23.4 m, 70.2 m, and 117 m (+ 0.5 m) for all sec-
tions. These are considered to be the standard lengths for all cable sections. Using these lengths
exclusively, any mix or match of cable sections may be used to build up a 500 m segment without
incurring excessive reflections.

NOTE: If cable segments are to be added to existing installations, then care shall be taken (explicit physical or TDR mea-
surements) to ensure that no more than a 500 m cable segment results.
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(4) As a last resort, an arbitrary configuration of cable sections may be employed, if it has been con-
firmed by analysis or measurement that the worst-case signal reflection due to the impedance dis-
continuities at any point on the cable does not exceed 7% of the incident wave when driven by a
MAU meeting these specifications.

8.6.2.2 MAU Placement. MAU components and their associated connections to the cable cause signal
reflections due to their noninfinite bridging impedance. While this impedance shall be implemented as
specified in Section 7, placement of MAUs along the coaxial cable must also be controlled to ensure that
reflections from the MAU do not add in phase to a significant degree.
Coaxial cables marked as specified in 8.4.2.2 have marks at regular 2.5 m spacing; a MAU shall only be
placed at a mark on the cable This guarantees both a minimum spacmg between MAUs of 2.5 m, and con-

he total number of MAUs ona cable segment shall not exceed 100

8.6.2.3 Trunk Cable System Grounding. The shield conductor of each coaxial cable segment shall
mpke electrical contact with an effective earth reference (see Annex) at one point and shall not mdke electri-
“cal contact with earth elsewhere on such objects as building structural metal, ducting, plumbing fixture, or
other unintended conductor. Insulators may be used to cover any coaxial connectors used to join|cable sec-

isjacceptable.
This specification is intended for use within (intraplant) buildings. Applications requiring interplant con-
ndctions by way of external (outdoors) means may require special cofisideration beyond the scppe of the
standard. '
The sheath conductor of the AUI cable shall be connected to the earth reference or chassis of the DTE.

8.6.3 Labellng It is recommended that each MAU (and supporting documentation) be labeled in a man-
ndr visible to the user with at least these parameters:

1) Data rate capability in Mb/s
2) Power level in terms of maximum current drain
3) Safety warning (for example, shock hazard)

8.7 Environmental Specifications

8.7.1 General Safety Requirements. All stations meeting this standard shall conform to one|of the fol-
lowing IEC Publications: 380 [5], 435 [6], or 950 [8].

NQOTE: For ISO/IEC 8802-3:1993, conformance shall be to IEC 950 (8].

B.7.2 Network Safety Requirements. This section sets forth a number of recommendations gnd guide-
lies related to safety concerns, the list is neither complete nor does it address all possible safdty issues.
The designer is urged-to consult the relevant local, national, and international safety regulations(to ensure
compliance with €he appropriate standards. References [A5] and [A9] provide additional guidance.

ocal area nefwork trunk cable systems as described in this standard are subject to at least fpur direct
el¢ctrical safety hazards during their use. These hazards are

1) 4 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 Iocal network cabling system.

(4) Potential differences between safety grounds to which various network components are connected.

These electrical safety hazards, to which all similar cabling systems are subject, should be alleviated
properly for a local network to perform properly. In addition to provisions for properly handling these faults
in an operational system, special measures must be taken to ensure that the intended safety features are
not negated during installation of 2 new network or during modification of an existing network.

Proper implementation of the following provisions will greatly decrease the likelihood of shock hazards
to persons installing and operating the local area network.
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8.7.2.1 Installations. Sound installation practice, as defined by applicable local codes and regulations,
shall be followed in every instance in which such practice is applicable.

" 8,7.2.2 Grounding. The shield of the trunk coaxial cable shall be effectively grounded at only one
point along the length of the cable. Effectively grounded means permanently connected to earth through a
ground connection of sufficiently low impedance and having sufficient ampacity to prevent the building up
of voltages that may result in undue hazard to connected equipment or to persons.

8.7.2.83 Safety. All portions of the trunk cabling system that are at the same potential as the trunk
cable shall be insulated by adequate means to prevent their contact by either persons or by unintended
conductors or grounds. The insulation employed shall provide the same or greater dielectric resistance to
current flow as the insulation required between the outermost shield of the trunk cable and the above-men-
tioned unintended conductors. The use of insulating boots is permitted, provided that such bogts (or
sleeveg) are mechanically and electrically equivalent to the trunk cable outer insulation characteristics
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.
Portions of the trunk cabling system that may become live during the dissipation of’a high-energy| tran-
gient by the cabling system shall also be insulated as described in 8.7.2.3.

8.7.2.4 Breakdown Path. MAUs meeting this standard should provide.a eontrolled breakdown path
that will shunt high-energy transients to an effective ground either through\a/separate safety ground con-
nectioh or through the overall shield of the branch cable. The breakdown\voltage of this controlled break-
down path must meet the isolation requirements for the MAU specified’in 8.3.2.1.

8.7.2.5 Isolation Boundary. The isolation boundary between'the branch cable and trunk cable [speci-
fied in|8.3.2.1 shall be maintained to properly meet the safety requirements of this standard.

WARNING: It is assumed that the DTE equipment is\properly earthed and not left floating or serviced
by “doubly insulated ac power distribution system.” The use of floating or insulated DTEs is beyond the
scopg of this standard.

8.7.2.6 Installation and Maintenance*Guidelines

(1) |When exposing the shield of the trink coaxial cable for any reason, care shall be exercised to ensure
that the shield does not make electrical contact with any unintended conductors or grounds. P¢rson-
nel performing the operation-should not do so if dissipation of a high energy transient by the cabling
system is likely during the time the shield is to be exposed. Personnel should not contact both the
shield and any grounded-conductor at any time.
(2) |Before breaking the trunk coaxial cable for any reason, a strap with ampacity equal to that pf the
|shield of the coaxial’ cable shall 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 gevered. This strap shall not
be removed until after normal shield continuity has been restored.
(8) |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 cgble is
to be added to an existing cable system, the installer shall take care not to complete the dircuit
between the shield of the floating cable section and the grounded cable section through body co

(4) all-eo

installer with the cautions mentioned in the above paragraphs.

(5) Network components shall contain prominent warning labels that refer installers and service per-
sonnel to the safety notes in the installation instructions.

8.7.3 Eléctromagnetic Environment

8.7.3.1 Susceptibility Levels. Sources of interference from the environment include electromagnetic
fields, electrostatic discharge, transient voltages between earth connections, and similar interference. Mul-
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tiple sources of interference may contribute to voltage buildup between the coaxial cable and the earth con-

nection of a DTE.
The physical channel hardware shall meet its specifications when operating in either of the following

conditions:

(1) Ambient plane wave field of 2 V/m from 10 kHz through 30 MHz, 5 V/m from 30 MHz through
1 GHz.
NOTE: Levels typically 1 km from 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.

Us meeting this standard should provide adequate rf ground refurn to satisfy the reference EMC
specifications.

7.3.2 Emission Levels. The physical MAU and trunk cable system shall comply with applicable
and national codes such as FCC Docket 20780-1980 [A11] in the USA. Equipment shall comply with
and national requirements for limitation of electromagnetic interference. Wheré n6 local or fational
irements exist, equipment shall comply with CISPR Publication 22 [1]. '

8.7.4 Temperature and Humidity. The MAU and associated connector/cable systems are exp beted to
openate over a reasonable range of environmental conditions related to temperature, humidity, and physi-
cal handling such as shock and vibration. Specific requirements and valdes for these parameters are con-
sidered to be beyond the scope of this standard. Manufacturers are réquested to indicate in the literature
assdciated with the MAU (and on the MAU if possible) the operating environment specifications fo facili-
tate selection, installation, and maintenance of these components) See reference [A10] for specification ter-

logy.

8/7.5 Regulatory Requirements. The design of MAU and medium components should take ipto con-
siddration applicable local or national requirements:See references [A5], [A6], [A7], [A8], [A9], and [All1]
and Appendix A for helpful resource material.

10Appendix A provides useful system guidelines on delays and bit budgets.
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9. Repeater Unit for 10 Mb/s Baseband Networks

9.1 Overview. This section specifies a repeater for use with type 10BASE5, 10BASE2, and 10BASE-T net-
works and fiber optic inter-repeater links (FOIRLs). A repeater for any other ISO 8802-3 network type is
beyond the scope of this section.

A repeater set connects segments of network medium together, thus allowmg larger topologies and a
larger MAU base than are allowed by rules governing individual segments (that is, for 10BASE5, 500 m
and 100 stations; for 10BASE2, 185 m and 30 stations; for 10BASE-T, nominal 100 m link segment).

Repeater sets are used to extend the network length and topology beyond what could be achieve%'by a

single [coaxial segment, as defined in 8.6 or 10.7. Segments may be connected directly by a repeater)set (Fig
9-1) ox by pairs of repeater units which are, in turn, connected by inter-repeater links (IRLS). Allowable
topologies shall contain only one operative signal path between any two points on the network. A maxi-
mum Ef four repeater sets may be in the signal path between any two stations on the network| (this
assumes two link segments). '

r-————-‘——————

1 MAU ) COAX SEGMENT
! |
I | SEERT TR TR SETPRE .
| i v P MAD » COAX SEGMENT
r R P : -
1 AR & .
i L AU (OPTIONAL)
.................. l.......'.--~‘.......p..--....
I 1 ]
l . . e« sa sy . »
[ - -]
| AUI(OPTIONAL) |
1 !
| J COAX SEGMENT
] MAU 1
| W g I . |

NOTE: The AUl is not necessarily exposed when the MAU is, optionally, part of the physical repeater.

Fig 9-1
Repeater Set, Coax-to-Coax Configuration

If the repeater set usés MAUs connected via AUIs to a repeater unit, the external MAUs shall be pasic
MAUs |with the excéption of the signal_quality_error test function. A manufacturer may, optionally,|inte-
grate 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 10.7. A repeater set is not a station and does not count toward the overall limit of{1024
stations on‘a'network.

eate e ece o) pna-gecode-data-rom N atals 2 ase-Rna o A1 o lgnal
amphtude condltlons It retransmlts the data to all other segments attached to it w1th tlmmg and ampli-
tude restored. The retransmission of data occurs simultaneously with reception. If a collision occurs, the
repeater set propagates the collision event throughout the network by transmitting a Jam signal.

9.2 Definitions

data frame. Consists of the Destination Address, Source Address, Length Field, LLC Data, Pad, and
Frame Check Sequence.
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Fiber Optic Medium Attachment Unit (FOMAU). The portion of the physical layer between the
FOMDI and AUI (or repeater unit physical layer signaling [PLS] when the AUI is not implemented) which
contains the electronics that transmit, receive, and manage the encoded signals impressed on, and recov-
ered from, the optical fiber cable link segment.

Fiber Optic Medium-Dependent Interface (FOMDI) The mechanical and optical interface between
the optical fiber cable link segment and the FOMAU.

Fiber Optic Physical Medium Attachment (FOPMA). The portion of the FOMAU that contains the
functional circuitry.

OIRL Collision. Simultaneous transmission and reception of data in a FOMAU.

OIRL Compatibility Interfaces. The FOMDI and the AUI (optional); the two points at which hardware
ompatibility is defined to allow connection of independently designed and manufactured conpponents to
the baseband optical fiber cable link segment.
FOMAU’s Transmit Optical Fiber. The optical fiber into which the local FOMAU transmits gignals.
FOMAU’s Receive Optical Fiber. The optical fiber from which the.Jocal FOMAU receives sighals.

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

link segment. The point-to-point full duplex medium)connection between two and only twjo Medium-
Dependent Interfaces (MDIs).

ptical fiber. A filament-shaped optical waveguidé made of dielectric materials.
ptical Fiber Cable Interface. See FOMDI.

ptical Fiber Cable Link Segment. A length of optical fiber cable that contains two optical fibers, as ‘
pecified in 9.9.5.1, and is comprised of one or more optical fiber cable sections and their means pf intercon-
ection, with each optical fiber terminated at each end in the optical connector plug specified in|9.9.5.2.

ptical Idle Signal. The signal transmitted by the FOMAU into its transmit optical fiber durjng the idle
tate of the DO circuit: ‘

acket. Consists-of a data frame as defined previously, preceded by the Preamble and the Start Frame
elimiter.

ort. A ségment or IRL interface of a repeater unit.

epeater unit. The portion of a repeater set that is inboard of its PMA/PLS interfaces.

repeater set. A repeater unit plus its associated MAUs and, if present, AU Interfaces (AUIs).
9.3 References. See 1.3.

9.4 Compatibility Interface. The repeater shall attach to its network segments by any of the means
specified below.
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9.4.1 AUI Compatibility. The repeater unit shall be compatible at its AUI connector (if so equipped) as
specified in Section 7 with the exception of the signal_quality_error message Test, 7.2.1.2. 3 which shall not
be implemented.

The MAUSs associated with the repeater shall be as specified in Section 8 for type 10BASE5 or Section 10
for type 10BASEZ2 with the following restrictions:

(1) The MAU shall implement receive mode collision detect as deﬁnéd 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 MAU shall not activate its Jabber function when operated under the worst-case Jabber Lockup
Protection condition as specified in 9.6.5.

MAUSs associated with the repeater unit shall be as specified in Section 14 for type 10BASE-T with the
restriction that the MAU shall not perform the signal_quality_error message Test function asdefinpd in
14.2.1.5.

9.4.2 Direct Coaxial Cable Compatibility. The repeater set, which includes MAUs integrated [with
the regeater package (internal MAUs), may have any of the interfaces specified in the following supsec-

‘ tions.

9.4.2.1 Direct Cable Attachment Compatibility. The repeater shall be-compatible at its coaxidl tap
connector (if so equipped) as specified in 8.5.3 of the 10BASE5 standard. The’MAUs associated with the
repeatgr that are connected in this manner shall be subject to the restrictions’ of MAUSs as specified in $.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 MAUSs associated with the repeater that are connected in this manner
shall bg subject to the restrictions of MAUSs as specified in 9.4.1.

9.4.2.3 BNC Compatibility. The repeater shall be compafible at its BNC connector (if so equipped) as
specifigd in 10.6. The MAUs associated with the repeater'that are connected in this manner shall be|sub-
ject to the restrictions of MAUSs as specified in 9.4.1.

9.4.3| Link Segment Compatibility. The compatibility interfaces for link segments including IRI{ seg-
ments pre either vendor-dependent, as specified in 9.4.3.1, or are vendor-independent MDI, as defingd in
the remainder of this section.

9.4.3.1 Vendor-Dependent IRL, The budget allowances for the topology supported by the IRL ghall
ensure that the total network round-trip delay requirement is met and the maximum collision frame size of
511 bits is not exceeded. (See 8/6.1and 10.7.1.)

9.4.3.2. Vendor-Independent FOIRL. A vendor-independent FOIRL provides a standard means of
connecting two repeater-units. It comprises a fiber optic medium link segment, a FOMAU at each epd of
the link segment, and\if present, AU Interfaces. A vendor-independent FOIRL is suitable for interconnect-
ing coakial segments; especially segments located in different buildings.

The yendor-inidépendent FOMAU should be compatible at its FOMDI, as specified in 9.9. If a FOIzIAU
contains an AU Interface, it shall be electrically and mechanically compatible at its AUT connector as spe
ified in[Section 7, with the exception of the signal_quality_error message Test, 7.2.1.2.3, which shall npt be
implemented. :

9.4.3.3 Twisted-Pair Jack Compatibility. The repeater set shall be compatible at its 8-pin modular
jack (if so equipped), as specified in 14.5. The MAUSs associated with the repeater set that are connected in
this manner shall be subject to the restrictions of MAUs, as specified in 9.4.1.
9.5 Basic Functions

9.5.1 Repeater Set Network Properties. The repeater set shall be transparent to all network acquisi-
tion activity and to all DTEs. The repeater set shall not alter the basic fairness criterion for all DTEs to
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access the network or weigh it toward any DTE or group of DTEs regardless of network location. A repeater
set shall not attempt to be a packet store and forward device.

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

9.5.2 Signal Amplification. The repeater set (including its associated or integral MAUs) shall ensure
that the amplitude characteristics of the signals at the MDI outputs of the repeater set are within the tol-
erance of the specification for the appropriate MAU type. Therefore, any loss of signal-to-noise ratio due to
cable loss and noise pickup is regained at the output of the repeater set as long as the incoming data is
within the system specification. '

9.5.3 Signal Symmetry. The repeater set shall ensure that the symmetry characteristics of the signals

ht the MDI outputs of a repeater set are within the tolerance of the specification for the appro
type. Therefore, any loss of symmetry due to MAUs and media distortion is regained at the of
repeater set.

9.5.4 Signal Retiming. The repeater unit shall ensure that the encoded data eutput from {
ate over multiple segments.

9.5.5 Data Handling. The repeatér unit, when presented a packet at-any of its ports, shall p
frame of said packet intact and without modification, subtraction, or_addition to all other por

pr when the receive port is partitioned as defined in 9.6.6. Between unpartitioned ports, the r
sion handling (9.5.6) take precedence.

9.5.5.1 Start of Packet Propagation Delays. The start of packet propagation delay foy
bet is the time delay between the first edge transition’ofthe packet on its repeated from (input
first edge transition of the packet on its repeated to (output) port (or ports).

o0 8 bit times.

For a repeater set with internal FOMAUSs,10BASEZ, or 10BASE5 MAUSs on both input and o
an additional 6.5 bit times delay for an<input port MAU and 3.5 bit times delay for an outpu
shall be allowed. This added delay does-not include any dc rise time for the coaxial cable.

For a repeater set with internal 10BASE-T MAUs on input and output ports, an additional
for an input port MAU and 5 BT delay for an output port MAU shall be allowed.

1

9.5.6 Collision Handling

9.5.6.1 Collision Presence. The repeater set shall implement the Collision Presence Fun
teceive-mode collision’ detection as specified for the media with which it is connected.

9.5.6.2 Jani Generation. If a collision is detected on any of the ports to which the rep
ransmitting, the repeater set shall transmit a Jam to all of the ports teo which it is connecte
hall be transmitted in accordance with the Repeater Unit State Diagram in Fig 9-2 and shall
ed in4.2.3.2.4 with the further constraint that the first 62 bits transmitted to any port shall
falternate 1’s and O’s starting with the first bit transmitted as a 1.

1

briate MAU
itput of the

he repeater

init is within the jitter tolerance of a transmitting DTE as specified in 7.3. Therefore jitter canpot accumu-

ss the data
connected

ith the repeater unit. The only exceptions to this rule are when contention exists among anyof the ports

es for colli-

a repeater
port to the

For a repeater unit with AUI connectors at input and output ports, this time shall be less than or equal

ntput ports,
b port MAU

8 BT delay

ction using

eater set is
d. The Jam
be as speci-
e a pattern

9.5.6.8 Collision-Jam Propagation Delays. The start of collision propagation delay for a repeater
set is the time delay between the first edge transition of the signal_quality_error signal on any of its ports

to the first edge transition of the Jam on its (output) port (or ports).
For a repeater unit with AUI connectors at input and output ports, this time shall be less th.
to 6.5 bit times.
For a repeater set with internal FORMAUSs, 10BASEZ2, or 10BASE5 MAUSs on both input

an or equal

and output

ports, an additional allowance of 9 bit times delay for an input port MAU and 3.5 bit times delay for an out-

put port MAU shall be made. This added delay does not include any dc rise time for the coaxial
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For a repeater set with internal 10BASE-T MAUs on input and output ports, an additional 9 BT delay
for an input port MAU and 5 BT delay for an output port MAU shall be allowed.

The cessation of Jam propagation delay for a repeater unit is the time delay between the input signals at
its ports reaching a state such that Jam should end at a port and the last transition of Jam at that port.
The states of the input signals that should cause Jam to end are covered in detail in the repeater state dia-
grams,

For a repeater unit with AUI connectors at input-and output ports, this time shall be less than or equal
to 5 bit times when not extending fragments. When extending fragments, this delay may be longer as
required by the fragment extension algorithm. See 9.6.4.

For a repeater set with internal FOMAUSs, 10 BASE2, and 10BASE5 MAUs on its input ports, an addi-
tional ; it ti it 13 1 A i 11 be
made. [For a repeater set with internal FOMAUSs, 10BASE2, and 10BASE5 MAUSs on its output ports, an -
additignal allowance of 0.5 bit time delay shall be made. This added delay does not include any de¢falll time
for the|coaxial cable.

For 4 repeater set with internal 10BASE-T MAUS on its input ports, an additional 2 BT-delay for Df and
9 BT fpr signal_quality_error deassertion shall be allowed. For a repeater set with internal MAUs
output{ports, an additional 2 BT delay shall be allowed.

.3.6.4 Transmit Recovery Time. It is essential that the repeater unit net“monitor a port for input
ort time after the repeater stops transmitting to that port. This recovery time prevents the reppater
from r¢ceiving its own transmission as a new receive activity. The minimuum’recovery time allowable(for a
repeater is implementation-dependent, but must be greater than the sum'of the delays in the transmit and
receivd paths for the port. In all cases the recovery time must be lesgthan 10 bit times from the last tnansi-
tion on| the transmitting AU Interface.

.5.6.5 Carrier Recovery Time. During a collision, thé.input_idle signal is unreliable for short|peri-
ods of time (bits) because of the possibility of signal cancellation on the collision segment. In order tq pre-
vent premature detection of the true end of the collision; the repeater unit must wait for data to begome
sensed|from a port for a short time after signal_quality_error has gone inactive from that port. This recov-
e prevents the repeater from prematurely ending a Jam on an active network. The minimum cgrrier
recovery time allowable for a repeater is iniplementation-dependent, but shall be greater than the

n 4 bit times from the last transition‘on the AU Interface.

19.5.7 Electrical Isolation. Network segments that have different isolation and grounding requirements
shall hpve those requirements provided by the port-to-port isolation of the repeater set.

9.6 Detailed Repeater Functions and State Diagrams. A precise algorithmic definition is given in this
section|, providing a complete procedural medel for the operation of a repeater, in the form of statq dia-
grams.| Note that whenever there is any apparent 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 proyided
by any|repeater unit. It is important to distinguish, however, between the model and a real implemgnta-
tion. The model is optimized for simplicity and clarity of presentation, while any realistic implementhtion
should [place heavier emphasis on such constraints as efficiency and suitability to a particular implementa-
tion technology.

It is the functional behavior of any repeater unit implementation that shall match the standard, not the
internal structure. The internal details of the procedural model are useful only to the extent that they help
specify the external behavior clearly and precisely. For example, the model uses a separate Transmit Timer
state machine for each port. However, in an actual implementation, the hardware may be shared.

9.6.1 State Diagram Notation. The notation used in the state diagrams (Figs 9-2 through 9-5) follows
the conventions in 1.2.1.
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Description of State Diagram Variables

Input/Qutput Variables

Dataln (X)
Status of Dataln 1nput at port X.
Values: II = input_idle; indicates no activity
~II; indicates activity
Note that Dataln (X) may be undefined during collision
but that it is a don’t care in all instances when this is true.

Collln(X)
Status of Controlln input at port X.
Values: SQE = signal_quality_error ; indicates collision
-SQE ; indicates no collision

Out X)

Type of output repeater is sourcing at port X.

Values: Idle ; Repeater is not transmitting
~Idle ; Repeater is transmitting Preamble Pattern
or Data or Jam or TwoOnes.
Preamble Pattern ; Repeater is sourcmg alternating1’s’and
0’s on port X.
Data ; Repeater is repeating data frame on portX. .
Jam ; Repeater is sourcing Jam on port X.
TwoOnes ; Repeater is sourcing two conseeutive 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 depénds on the value of Out (X).

l?ort Variables
TT (X)

Transmit Timer indicates number of bits transmitted on port X.
Values: Positive integers :

Inter-Process Flags

AllDataSent
Allréceived 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 SFD and is ready to send the received data. The search for

SFD shall not begin before 15 bits have been received. Note, transmit and receive clock differences
shall also be accommodated.

Twl

‘Wait Timer for the end of transmit recovery time (see 9.5.6.4). It is started by StartTwl. TwlDone
is satisfied when the end of transmit recovery time is completed.
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Wait Timer for the end of carrier recovery time (see 9.5.6.5). It is started by StartTw2. Tw2Done is
satisfied when the timer has expired.

Tw3

Wait Timer for length of continuous output (see 9.6.5). It is started by StartTw3. Tw3Done is satis-
fied when the timer has expired.

Tw4

Wait Timer for time to disable output for Jabber Lockup Protection (see 9.6.5). It is started by

Port Functions

Portl (Test)

A function that returns the designation of a port passing the test condition; For example
(Collin=SQE) returns the designation: X for a port that has SQE true. If multiple ports me
test condition, the Port function will be assigned one and only one of the/aceeptable values.

Port Designation

—StartTw4 Twd4Done is satisfied when the timer has expired

Port

bt the

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

ONLY[L

ALLXN

Indicates all repeater ports are to be considered: All ports shall meet test conditions in
for the test to pass.

Indicates all ports are to be considered:;One or more ports shall meet the test conditiq
order for the test to pass.

order

ns in

Indicates all ports are to be considered, One, but not more 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 didgram

and not global to the set of state diagrams.

Is defined by the Port function on exiting the IDLE state of Fig 9-2. It indicates a port
caused the exit from the IDLE state.

Is defined by the Port function on exiting the TRANSMIT COLLISION state of Fig 9-2. I
cates the only port where Collln=SQE.

that

indi-

Indicates all ports except N should be considered. All ports considered shall meet the tes

L con-

ALLXM

ANYXM

ditions in order for the test to pass.

Indicates all ports except M should be considered. All ports considered shall meet the test con-

ditions in order for the test to pass.
Indicates any port other than N meeting the test conditions shall cause the test to pass.

Indicates any port other than M meeting the test conditions shall cause the test to pass.

143


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

ISO/IEC 8802-3 : 1993

ANSI/IEEE Std 802.3, 1993 Edition LOCAL AND METROPOLITAN AREA NETWORKS:

v

Power On
1 I >
?'W‘.T. Out (ALL) = Idfe
' Dataln (ANY) =1l [ coln(any) = sQe: N ePort(Coliin = sQE)]
BEGIN Collin(ALL) = SQE
:IN&=Port{Dataln =)
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Fig 9-2

Repeater Unit State Diagram
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Fig 9-5
MAU Jabber Lockup Protection State Diagram
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9.6.2 Data and Collision Handling. The repeater unit shall implement the CARRIER_ON function for
all its ports. Upon detection of carrier from one port, the repeater unit shall repeat all received signals in
the Data Frame from that port to the other port (or ports).

The repeater unit data and collision-handling algorithm shall be as defined in Fig 9-2.

9.6.3 Preamble Regeneration. The repeater unit shall output at least 56 bits of preamble followed by
the SFD. When the repeater unit must send more than 56 bits, the maximum length preamble pattern it
shall send is the number received plus 6.

9.6.4 Fragment Extension. If the received bit sequence from CARRIER_ON to CARRIE

R_OFF is

fewer than 96 bits in length, including preamble, the repeater unit shall extend the output bit sequence

W,

M

th
cg

rq

1
u
Wi

wn
ot

fr

nﬁtted continuously for longer than 5 ms or 50 000 bit times — 20% + 50%. The repeater unit §
a

" |In order to isolate a faulty segment’s collision activity from ‘propagating through the nef]

be¢ing cleared, an auto-reconnection algorithm.

ntimber of bits(spécified for Tw5 without incurring a collision.

AU Jabber Lockup Protection state diagram. The repeater unit shall interrupt its output if it
er 96 to 116 bit times (9.6 to 11.6 us), re-enable transmissions.
9.6.6 Auto-Partitioning/Reconnection (Optional)
9,6.6.1 Overview. In large multisegment networks it may be desirable that the repeater u
e network from some fault conditions that would halt all networkcammunication. A potenti
use of this condition could be due to a cable break, a faulty connector, or a faulty or missing tex
peater unit may optionally implement an auto-partition algotithm and, on detection of the m
9.6.6.2 Detailed Auto-Partition/Reconnection Algorithm State Diagram. Repeater
BASE-T MAUs shall implement an auto-partition/féconnection algorithm on those parts. Th
brk from an open-circuited segment. If the repeater unit provides this function, it shall confq
hte diagram of Fig 9-6.
The algorithm defined in Fig 9-6 shall isolate a segment from the network when one of the foll

nditions 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.

bm the repeater to'the segment is not blocked.
The segment will-be reinstated when the repeater has detected activity on the segment for mor

9.6.5 MAU Jabber Lockup Protection. MAU Jabber Lockup Protection must operate as’shgwn in the

has trans-
hall then,

it protect
1y likely
mination.
work, the
alfunction

sets with
b repeater

it may optionally implement an auto-partition/reconnection algorithm that protects the rest ¢f the net-

rm to the

bwing two

When a segment is partitioned, Dataln (X) and CollIn (X) from that segment are forced to II (input idle)
and —-SQE (no collision), respectively, so that activity on the port will not affect the repeater un

it. Output

e than the
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Description of State Diagram Variables and Constants

Port Constants

CCLimit
The number of consecutive collisions that must occur before a segment is partitioned. The value
shall be greater than 30.

Input/Output Variables

DIPresent(X)
Data in from the MAU on port X. (This input is gated by the partition state machine to produce
Dataln (X) to the main state machine.)
Values: II = input_idle ; no activity
—II = Input not idle ; activity

ClPresent(X)

Control input from the MAU on port X. (This input is gated by the partition state maching to pro-

duce CollIn (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 ¢ount of
CCLimit being reached. '

Values: Positive integers up to a terminal count off C€Limit.
Inter-Process Flags

Twbh

Wait Timer for length of packet without collision. Its value shall be between 450 and 560 bif times.
It is started by StartTw5. Tw5Done is'satisfied when the timer has expired.

Tw6

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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Fig 9-6
Partitioning State Diagram for PortX
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9.7 Electrical Isolation. There are two electrical power distribution environments to be considered that

require different electrical isolation properties.

Environment A— When a LAN or LAN segment, with all its associated interconnected equipment, is
entirely contained within a single low-voltage power distribution system and within

a single building.

Environment B — When a LAN crosses the boundary between separate power distribution systems or

the boundaries of a single building.

The repeater unit shall comply with applicable local and national codes related to safety. See ECMA-97

[A9].

9.7.1 Environment A Requirements. Attachment of network segments via repeaters (sets) poJ
internal MAUs requires electrical isolation of 500 Vrms, 1 minute withstand, between the segment
protective ground of the repeater unit.

Fgr repeater ports that connect to external MAUs via an AU Interface, the requirement for isol
encagmpassed within the isolation requirements of the basic MAU standard. (See(8:3.2.1, 10.4.2

sessing
and the

ation is
.1, and

14.3|11.) The repeater unit shall not require any electrical isolation between exposed AU Interrces or

between exposed AU Interfaces and chassis ground of the repeater unit. No isplation boundary nee
fore |exist at any AUI ¢compatible interface (that is “D” connector) provided by a repeater unit.

9.7.2 Environment B Requirements. The attachment of network segments, which cross envir
A bdundaries, requires electrical isolation of 1500 Vrms, 1 minute withstand, between each segm
all :)Lher attached segments and also the protective ground of the-répeater unit.

Itlis recommended that this isolation be provided by the use of external MAUs connected by Al
faces. If internal MAUs are used the segments shall be installed such that it is not possible for a
menft user to touch the trunk cable screen or signal ‘conductor. A repeater of this variety 1
professional installation.
The requirements for interconnected coaxial cable/electrically conducting LAN segments that 3
tially or fully external to a single building environment may require additional protection against li

there-

pnment
bnt and

J Inter-
| equip-
equires

re par-
rhtning

strike hazards. Such requirements are beyond the scope of this standard. It is recommended that thi above

situation be handled by the use of a nonelectrically conducting IRL (for example, fiber optic).
Itlis assumed that any nonelectrically conducting segments will provide sufficient isolation with
medja 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 (M
at lgast 50 000 hours of continuous operation without causing a communication failure among s
attathed to the network mediiim. Repeater sets with more than two ports shall add no more thar
10-8{failures per hour for'each additional port.
e repeater set electronics shall be designed to minimize the probability of component failures
the repeater electronics that prevent communication among the other MAUs on the individual
cabl¢ segments.{Connectors and other passive components comprising the means of connect
repepter to the.coaxial cable shall be designed to minimize the probability of total network failure.

9.9 Medium Attachment Unit and Baseband Medium Specification for a Vendor-Indeps

iin that

I'BF) of
tations
1 3.46 x

within

coaxial
ng the

bndent

FOIRL

9.9.1 Scope

9.9.1.1 Overview. A vendor-independent FOIRL provides a standard means for connecting only two
repeater units. It thus extends the network length and topology beyond that which could be achieved by
interconnecting coaxial segments via repeater sets only, as defined in 8.6 or 10.7. A vendor-independent
FOIRL is particularly suited for interconnecting coaxial segments located in different buildings. The

FOMAU described in this document is not intended for use in connecting DTEs.
In particular, this section defines the following:
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(1) The functional, optical, electrical, and mechanical characteristics of a fiber optic MAU (FOMAU)
suitable for interfacing to a repeater unit, either directly (FOMAU and repeater unit integrated into
a single package) or via an AUI mechanical connection.

(2) Various optical fiber sizes suitable for connecting only two FOMAUS.

A schematic of the vendor-independent FOIRL and its relationship to the repeater unit is shown
in Fig 9-7. The vendor-independent FOIRL comprises an optical fiber cable link segment, a vendor-
independent FOMAU at each end of the link segment and, if present, AUI cables.

The purpose of this specification is to enable interoperability of FOMAUs that originate from dif-
ferent manufacturers, thereby facilitating the development of simple and inexpensive inter-repeater
links (IRLs). To satisfy this objective, the FOMAU has the following general characteristics:

(a) Enables couphng the repeater umt PLS d1rectly, or by Way of the AUI mechamcal connectlon

(b) Supports 81gna11ng at a data rate of 10 Mb/s

(¢) Provides for driving up to 1000 m of an optical fiber cable link segment.

(d) Operates indistinguishably from a repeater set MAU, as defined in Section 8, 10, or {14 when
viewed from the AU Interface.

(e) Supports 10BASE2, 10BASE5, and 10BASE-T system configurations as-defined in Spctions 8,
10, and 13 of this standard. '

(f) Allows integration of the FOMAU into a single package with the repeater unit, thergby elimi-
nating the need for an AUI mechanical connection. :

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 Meditum Objectives. This section states the broad
objectives underlying the vendor-independent FOIRL specification defined throughout this section of the
stdndard. These are as follows:

1) Provide the physical means for connecting only two repeater units.
2) Define a physical interface for the vendor-independent FOMAU component of the vendorfindepen-
dent FOIRL that can be implemented-independently 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 transmission through an FOIRL when transmission capability in
one or both directions is.disrupted. ‘

9.9.1.3 Compatibility-Considerations. All implementations of the vendor-independent FOMAU
shall be compatible at the/FOMDI and at the AUI (when physically and mechanically implemented).
is standard previdés an optical fiber cable link segment specification for the interconnectian of only

tion spec1ﬁes all of the phys1cal medlum parameters all of the FOPMA 10g1ca1 functlons resuhng in the
FOMAU, and references the AUI defined in Section 7 with the exception of the signal_guality_error mes-
sage Test of 7.2.1.2.3(3), which shall not be implemented, that is, shall not be enabled when connected to a
repeater unit.

NOTE: The specification of a FOMAU component requires the use of both this section and Section 7 for the AUI specifications.

9.9.1.5 Mode of Operation. The FOMAU functions as a direct connection between the optical fiber
cable link segment and the repeater unit. During collision-free operation, data from the repeater unit is
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TO 10BASES OR 10BASE2 NETWORK
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OPTICAL FIBER
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LINK SEGMENT

TO 10BASE5 OR 10BASE2 NETWORK

* See 9.9.1.3 for implementation requirements.

Fig

REPEATER
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INTERFACE*

FOMAU = FIBER OPTIC MEDIUM
ATTACHMENT UNIT

FOMD! = FIBER OPTIC MEDIUM-
DEPENDENT INTERFACE

FOPMA = FIBER OPTIC PHYSICAL
MEDIUM ATTACHMENT

9-7

Schematic of the Vendor-Independent FOIRL and Its Relationship to the Repeater Unit

transmitted into the FOMAU’s transmit optical fiber, and all data in the FOMAU’s receive optical fiber is

transmitted to the repeater unit.

9.9.2 FOMAU Functional Specifications. The FOMAU component provides the means by which sig-

nals on the three AUI signal circuits are coupled:
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(1) From the repeater unit into the FOMAU’s transmit optical fiber, and
(2) From the FOMAU’s receive optical fiber to the repeater unit.

To achieve this basic objective, the FOMAU component contains the following functional capabilities to
handle message flow between the repeater unit and the optical fiber cable link segment:

(a) Transmit Function : The ability to receive serial bit streams from the attached repeater

unit and transmit them into the FOMAU’s optical fiber.

(b) Receive Function : The ability to receive serial data bit streams from the FOMAU’s
receive optical fiber and transmit them to the attached repeater
unit.

(c)| Collision Presence Function : The ability to detect, and report to the attached repeater ulnit, an

FOIRL collision.
(d)| Jabber Function : 'The ability to automatically interrupt the Transniit, Functipn and
inhibit an abnormally long output data stream.
(e)| Low Light Level : The ability to automatically interrupt the Receive Function pnd
Detection Function inhibit the reception of signals from the/ FOMAU’s receive joptical

fiber which could result in abnormally high BERs.

.9.2.1 Transmit Function Requirements. At the start of a packet-transmission into the FOMAU’s
trangmit optical fiber, no more than two bits (two full bit cells) of inforraation may be received from the DO
circult and not transmitted into the FOMAU’s transmit optical fiber.'In addition, it is permissible for the
first bit sent to contain encoded phase violations or invalid data¢All successive bits of the packet shall be
trangmitted 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 jitter components specified in
7.4.3.6,7.5.2.1,and 9.9.4.1.7, and
(2)| The levels and waveforms specified in 9.9.4.1,

The FOMAU DO circuit shall comply with~the AUI specification for receivers 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 provE;lle an
implgmentation in which a minimum threshold level is required on the DO circuit to establish a transmit
bit stream.

The higher optical power levél transmitted into the FOMAU’s transmit optical fiber shall be defined as
the lpw (LO) logic state on the optical fiber link segment. There shall be no logical signal invérsions
between the DO circuit and the FOMAU’s transmit optical fiber, as specified in 9.9.4.1.5.

The difference in the start-up delay (bit loss plus invalid bits plus steady-state propagation delay), jas dis-
tinct from the absolute_start-up delays, between any two packets that are separated by 9.6 us or lesi shall
not exceed 2 bit cells:

The FOMAU shall loop back a packet received from the DO circuit into the DI circuit. At the stdrt of a
packét transmission, no more than five bits of information may be received from the DO circuit ahd not
transmitted,into the DI circuit. It is permissible for the first bit sent to contain encoded phase violatjons or
invalid data All successive blts of the packet shall be transmltted into the DI circuit and shall exhjbit no
more h. on, as
specified in 9.9.2.2. The steady-state propagation delay between the DO circuit receiver input and the DI
* circuit driver output for such signals shall not exceed one bit cell. There shall be no logical signal inver-
sions between the DO circuit and the DI circuit during collision-free transmission.

When the DO circuit has gone idle after a packet has been transmitted into the FOMAU’s transmit
optical fiber, the FOMAU shall not activate the  Collision:Presence Function so as not to send the
signal_quality-error message Test of 7.2:1.2.3(8) to the repeater unit.

During the idle state of the DO circuit, the Transmit Function shall output into the transmit optical fiber
an optical idle signal as specified in 9.9.4.1.4. The transmitted optical signals shall exhibit the optical
power levels specified in 9.9.4.1.8. At the end of a packet transmission, the first optical idle signal pulse
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transition to the higher optical power level must occur no sooner than 400 ns and no later than 2100 ns
after the packet’s last transition to the lower optical power level. This first optical pulse must meet the tim-
ing requirements of 9.9.4.1.4.

The FOMAU shall not introduce extraneous optical signals into the transmit optical fiber under normal
operating conditions, including powering-up or powering-down of the FOMAU.

9.9.2.2 Receive Function Requirements. At the start of a packet reception from the FOMAU’s
receive optical fiber, no more than two bits (two full bit cells) of information may be received from the
FOMAU’s receive optical fiber and not transmitted into the DI circuit. It is permissible for the first bit
transmitted into the DI circuit to contain encoded phase violations or invalid data. All successive bits of the
packet shall be transmitted into the DI circuit and shall exhibit the following:

he levels and waveforms specified in 7.4.1, and
o more edge jitter than that given by the sum of the worst-case edge jitter components specified in
4.3.6,75.2.1,9.9.4.1.7,9.94.2.2 and 9.9.5.1. :

oy
2)

The steady-state propagation delay between the output of the FOMAU’s receive opticalfiber and the out-
put of the DI circuit driver shall not exceed one-half a bit cell. There shall be no logical signal invergions
between the FOMAU’s receive optical fiber and the DI circuit during collision-free opération, as specified in
9.9.4.2]3.

The difference in the start-up delay (bit loss plus invalid bits plus steady-state propagation delay), ag dis-
tinct from the absolute start-up delays, between any two packets that are'separated by 9.6 s or less shall
not exceed 2 bit cells.

The FOMAU shall not introduce extraneous signals into the DI ¢ircuit under normal operating cpndi-
tions, 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 gignal presented to the CI circuit during the presence of a collision shall be the CS0 signal, a peniodic
pulse waveform of frequency 10 MHz +25 % —15% 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.p bit times after the simultaneous appearance of signals at both the input of the FOMAU’s transmit
optical ffiber and the output of the FOMAU’s.receive optical fiber. This signal shall be deasserted no egrlier
than 4.5 bit times and no later than 7 bit times after the above defined collision condition ceases to exjst.
Durihg a collision, if a packet is received at the DO circuit 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 regeive
optical |fiber shall be transmitted into the DI circuit, as specified in 9.9.2.2. In the event of both pagkets
being received at their respective ports within 3.5 bit times of each other, then either one, but only one, of
the padkets shall be seléeted to be transmitted into the DI circuit.
The Collision Funetion shall not introduce extraneous signals into the CI circuit under normal operating
conditipns, including.powering-up or powering-down of the FOMAU.

9.9.2.4 Jabber Function Requirements. The FOMAU shall have the capability, as defined in Kig 9-
9, to interrupt a transmission from the repeater unit that exceeds a time duration determined by the
FOMAUThis time duration shall not be less than 20 ms nor more than 150 ms. If the packet being trans-
mitted is still being transmitted after the specified time duration, the FOMAU shall activate the Jabber
Function by 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 CSO0 signal to the CI circuit.

Once the error condition has been cleared, the FOMAU shall reset the Jabber Function and present the
IDL signal to the CI circuit:

153


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

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

(a) On power reset, and
(b) Optionally, automatically after a continuous period of 0.5 s + 50% of inactivity on the DO circuit.

The FOMAU shall not activate its Jabber Function when operated under the worst-case Jabber Lockup
Protection condition specified in 9.6.5.

. When both the Jabber Function and the Low Light Level Detection Function (see 9.9.2.5) have been acti-
vated, the Jabber Function shall override the Low Light Level Detection Function.

9.9.2.5 Low Light Level Detection Function Requirements. The FOMAU shall have a low light
level detection capability, as defined in Fig 9-10, whereby it shall interrupt the reception of both the optical
idle signal and packets from the FOMAU’s receive optical fiber when reliable reception can no longer be
assyred. This error condition shall not be activated if the peak optical power level at the output of the
FOMAU's receive optical fiber exceeds —27 dBm. It shall be activated before the peak optical power|level at
the putput of the FOMAU’s receive optical fiber has fallen to a level that is lower than the peaﬂroptical
powpr level that corresponds to a BER = 10-10 for the FOMAU under consideration. Once this errgr condi-
tion|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 bltS from its receive optlcal ﬁber te 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 DO circuit.

(3) Disable its Transmit Function during the period of time that the KOMAU recognizes the prepence of

a packet on the DO circuit such that the transmission of the packet from the DO circuit int¢ the DI

circuit is inhibited. -

Once this error condition has been cleared, the FOMAU shall return automatlcally to its normal mode of
operjation within 40 bit times once the DO circuit is in the'idle state. ,
When both the Jabber Function (see 9.9.2.4) and the I‘ow Light Level Detection Function have bden acti-
vated, the Jabber Function shall override the Low Light Level Detection Function.

NOTE: It is recommended that, for diagnostic purposes, the(status of the Low Light Level Detection Function be indicatpd on the
exterjor of the FOMAU package.

9.9.2.6 Repeater Unit to FOMAU/Physical Layer Messages. The following messages|can be
recejved by the FOMAU physical layer-entities from the repeater unit:

Message ' Circuit Signal Meaning
output DO CD1, CDO Output information
ouiut_idle DO . IDL No data to be output

.9.2.7 FOMAUPhysical Layer to Repeater Unit Messages. The following messages can [be sent
by the FOMAU physical layer entities to the repeater unit:

MeFlsage Circuit , Signal Meaning
inplut , DI CD1, CDo Input information
input_idle DI , IDL : Noinformation to|be
, , input
fomau_available CI IDL FOMAU is available for
; , output

signal_quality error CI : ‘ CS0 Collision or error

: ‘ detected by FOMAU

9.9.2.7.1 input Message. The FOMAU physical layer sends an input message to the repeater unit
when the FOMAU has a bit of data to send to the repeater unit. The physical realization of the input mes-
sage is a CDO or CD1 sent by the FOMAU to the repeater unit on the DI circuit. The FOMAU sends CDO if
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the input bit is a zero, or CD1 if the input bit is a one. No retiming of the CD1 or CDO signals takes place
within the FOMAU.

9.9.2.7.2 inpui_idle Message. The FOMAU physical layer sends an input_tdle message to the
repeater unit when the FOMAU does not have data to send to the repeater unit. The physical realization of
the input_idle message is the IDL signal sent by the FOMAU to the repeater unit on the DI circuit.

9.9.2.7.8 fomau_available Message. The FOMAU physical layer sends the fomau_available mes-
sage to the repeater unit when the FOMAU is available for output, and when the FOMAU has activated
the Low Light Level Detection Function in accordance with the Low Light Level Detection Function
requirements of 9.9.2.5 and Fig 9-10. The fomau_available message shall be sent by a FOMAU that is pre-
pared fo output data. The physical realization of the fomau_available message 15 an DL signal sent Hy the
FOMA[U to the repeater unit on the CI circuit.

D.9.2.7.4 signal_quality_error Message. The signal_quality_error message shall besimplemented
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 message Test sequence.
(2) [The simultaneous 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. '
(3) [When the FOMAU has activated the Jabber Function, it shall gend the signal_quality_error|mes-
sage in accordance with the Jabber Function requirements 0f9.9.2.4 and Fig 9-9.

The physical realization of the signal_quality_error message.is the CS0 signal sent by the FOMAU tjo the
repeater unit on the CI circuit.
The [FOMAU is required to assert the signal_quality_error message at the appropriate times whenever
the FOQMAU is powered and not just when the repeater unit is providing output data.

9.9.2.8 FOMAU State Diagrams. The state diagrams, Figs 9-8, 9-9, and 9-10, depict the full spt 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 explained as follows:

NOTE: Higures 9-8, 9-9, and 9-10 must all be considered together.

(1) nable_opt_driver : : Activates the path employed during normal operation to cause the
FOMAU transmitter to impress the packet data received from the
DO circuit into the FOMAU’s transmit optical fiber.

(2) disable_opt_driver : Deactivates the path employed during normal operation to ¢ause.
the FOMAU transmitter to impress the packet data received |from
the DO circuit into the FOMAU’s transmit optical fiber.

(3) pnable_opt_idle_driver : Causes the FOMAU transmitter to impress the optical idle sfignal
into the FOMAU’s transmit optical fiber.

(4) Hdisable opt_idle_driver : Causes the FOMAU to stop transmitting the optical idle sfgnal
into the FOMAU’s transmit optical fiber.

(5) ‘enable—toop—buck —Activates-the-path-remployed-during normal-operationtocause the

FOMAU Transmit Function to impress the packet data received
from the DO circuit into the DI circuit.

(6) disable_loop_back : Deactivates the path employed during normal operation to cause
the FOMAU Transmit Function to impress the packet data
received from the DO circuit into the DI circuit.

(7) enable_opt_receiver . Activates the path employed during normal operation to cause the
FOMAU to impress the packet data received from the FOMAU’s
receive optical fiber into the DI circuit.
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Fig 9-8
FOMAU Transmit, Receive, and Collision Functions State Diagram
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(8) disable_opt_receiver : Deactivates the path employed during normal operation to cause
the FOMAU to impress the packet data received from the
FOMAU's receive optical fiber into the DI circuit.

(9) I[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 Hming function
is maintained as long as output_idle is true and is stopped on the
transition to output true. The term unjab_timer_done-s satisfied
when the timing function has run to expiration (see 9.9.2.4).

|1) opt_input : Signifies that a packet is present at the FOMAU’s receive optical
fiber.

|2) opt_input_idle . : Signifies that a packet is no longer present at‘ the FOMAU’s
receive optical fiber.

~~

~

~

|3) 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 re¢eived 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 re¢eived at
the DO circuitis to be transmitted into the DI circuit,

The following abbreviations have been used in Figs 9-8, 9-9, and 9-10:

(1) LLP = Low Light Level Condition Present

(2) LLNP = Low Light Level Condition Not Present
p_t_d = packet_timer_done

(4) p_t_n_d = packet_timer_not: done

* = Jogical AND operator

on RN
~~— ~—
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9.9.3 FOMAU Electrical Characteristics

9.9.3.1 Electrical Isolation. Electrical isolation shall be provided between FOMAUs attached to the
FOIRL by the optical fiber cable link segment. There shall be no conducting path between the optical
medium connector plug and any conducting element within the optical fiber cable link segment. This isola-
tion shall withstand at least one of the following electrical strength tests:

(1) 1500 V rms at 50-60 Hz for 60 s, applied as specified in 5.3.2 of IEC Publication 950 [8].
(2) 2250V dc for 60 s, applied as specified in 5.3.2 of IEC Publication 950 [8].

(3) A sequence of ten 2400 V impulses of alternating polarity, applied at intervals of not less than 1 s.
The shape of the impulses shall be 1.2/50 ps (1.2 ys virtual front time, 50 ps virtual time of half
value), as delined IEC Publication 60 (11 J.

There shall be no 1solat10n breakdown as defined in 5.3.2 of IEC Publication 950 [8], durmg the test. The
resistgnce after the test shall be at least 2 MQ, measured at 500 Vdc.

NOTE: Although isolation is provided by the optical fiber cable link segment, it is recommended that the normal noise immunjty pro-
vided by common-mode isolation on the AUI be retained.

ered by the AUI source. The FOMAU shall be capable of operating from all possible voltage sources ag sup-
plied by the repeater unit (7.5.2.5 and 7.5.2.6) through the resistance of all permissible AUI cableg. The
surge current drawn by the FOMAU on power-up shall not exceed 5 A peaK'for a period of 10 ms. In|addi-
tion, the FOMAU shall be capable of powering-up from 0.5 A current limited sources. :

It is permissible as an option to provide a separate power source for the FOMAU, If a separate power
sourced is implemented, provision will be made to assure that power shall under no circumstandes be
sourced on pin 13 (Circuit VP) of the AUL

The|FOMAU shall be labeled externally to identify the maximum value of power supply current required
by the|device when the AUI mechanical connection is implemented.

The|FOMAU shall not introduce into the FOMAU’s transmit optical fiber or onto the DI or CI circyits of
the AUT any extraneous signal on routine power-up or'power-down under normal operating conditiorl.
The|FOMAU shall be fully functional no later than 0.5 s after power is applied to it.

9.§.3.2 Power Consumption, The current drawn by the FOMAU shall not.exceed 0.5 A when pow-

9.0.3.3 Reliability. The FOMAU shall be-designed to provide a MTBF of at least 200 000 hours of
operatiion without causing a communication, failure amongst DTEs attached to the network. The FOMAU
electrgnics shall be designed to minimize the probability of component failures within the FOMAU that
prevent communication amongst other MAUs on the 10BASES and 10BASE2 segments. Connectorp and
other passive means of connection‘shall be designed to minimize the probability of total network failyre.

9.9.3.4 FOMAU/Repeater'Unit Electrical Characteristics. The electrical characteristics ¢f the
driver|and receiver components connected to the AUI cable shall be identical to those specified in Sectiion 7.

9.9.3.5 FOMAU/Ré,peater Unit Mechanical Connection. The FOMAU, if it implements th¢ AUI
mechanical connection, shall be provided with a 15-pin male connector, as specified in the AUI specifi¢ation
of Sectiion 7.

9.9.4 FOMAU/Optical Medium Interface

9.94.1.1 Wavelength. The center wavelength of the optical source emission shall be between 790
and 860 nm. See Appendix D.

9.9.4.1.2 Spectral Width. The spectral width of the optical source shall be less than 75 nm full
width half maximum (FWHM).

9.9.4.1.3 Optical Modulation. The optical modulation during packet transmission shall be on-off
keying of the optical source power. The minimum extinction ratio shall be 13 dB.
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9.9.4.1.4 Optical Idle Signal. During the idle state of the DO circuit, the Transmit Function shall
input into the FOMAU’s transmit optical fiber an optical idle signal. This signal shall consist of a periodic
pulse waveform of frequency 1 MHz +25% —15% with a duty cycle ratio between 45/55 and 55/45.

9.9.4.1.5 Transmit Optical Logic Polarity. The higher optical power level transmitted into the
FOMAU’s transmit optical fiber shall correspond to the low (LO) logic state (see 7.4.2.1) of the AUI DO

circuit. ;

9.9.4.1.6 Optical Rise and Fall Times. The optical rise and fall times of the FOMAU shall be no
more than 10 ns from the 10% to the 90% levels. There shall be no more than 3 ns difference between the
rise and fall times.

9.9.4.1.7 Transmit Optical Pulse Edge Jitter. The additional edge jitter introducecll 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 optidal wave-
form’s upper and lower power levels, as determined from the previous 16 or more(transitions in gny valid
optical bit stream.

9.9.4.1.8 Peak Coupled Optical Power. At the beginning of the FOMAU’s lifetime, the peak opti-
cal[power coupled into the FOMAU’s transmit optical fiber, when terminated with an optical connector as
specified in 9.9.5.2, shall be —12 dBm + 2 dB, when measured with a graded index optical fiber of|nominal
dinmension of 62.5 um core diameter and 0.275 nominal numefical aperture. The actual opticgl power,
which will be coupled into other fiber sizes listed in 9.9.5.1, may differ from the above value. The pgak opti-
cal [power shall be measured in the steady state, and the:measurement shall be independent df optical
pulse ringing effects, Peak optical overshoot shall not exceed 10%.
NOTE: The above value does not include an aging margin. The source-is allocated an aging margin of 3 dB over its operating lifetime.

The|variation in the peak- coupled optical power due to tolerances allowed by IEC Publication 793-2 [14] 1 for type Alb (6215/125 um)
fibex is £1 dB. Hence, the minimum power level at the start of-life will be ~15 dBm.

9.9.4.2 Receive Optical Parameters

9.9.4.2.1 Receive Peak Optical Power Range. The BER shall be < 10-10 for peak opticall powers
at the output of the FOMAU’s receive optical fiber between —27 dBm and -9 dBm.

9.9.4.2.2 Receive Optical Pulse Edge Jitter. The additional edge jitter introduced by the
FOMAU from the input of the opto-electric detector to the output of the DI circuit driver shall be|no more
thap 4 ns. The jitter measured at the input of the opto-electric receiver shall be measured at the power
level median of the optical waveform’s upper and lower power levels as determined from the previiius 16 or

more transitions in @ny valid optical bit stream. The jitter measured at the output of the DI circujit driver
shall be measured.at the zero crossing points as determined from the previous 16 or more transitions in
any valid bit stream. This requirement shall apply when the optical receive peak power level 1s in the
ranige —27 to.—9 dBm.

9.9.4.2.3 Receive Optical Logic Polarity. The low (LO) logic state (see 7.4.2.1) on the DI circuit
shalll-correspond to the presence of the higher optical power level at the output of the FOMAU’s receive
optical fiber.

9.9.5 Characteristics of the Optical Fiber Cable Link Segment. The optical fiber cable link seg-
ment is a length of optical fiber cable (IEC Publications 794-1 [15] and 794-2 [16]) containing two optical
fibers, as specified in 9.9.5.1, and comprising one or more optical fiber cable sections and their means of

UThis FOIRL specification is to be read with the understanding that the followmg changes to IEC Publications 793-2 [14] have
been requested;
(1) Correction of the numencal aperture tolerance in Table III to £0,015.
(2) Addition of another bandwidth category, of > 150 MH?z referred to 1 km, for the type A1b fiber in Table III.
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interconnection. Each optical fiber is terminated at each end in the optical connector plug specified in
9.9.5.2. The two optical fibers correspond to the FOMAU’s transmit and receive optical fibers.

9.9.5.1 Optical Fiber Medium. The FOMAU can operate with a variety of optical ﬁber sizes, e.g., 50/
125 pum, 62.5/125 pm, 85/125 um, 100/140 pm.

Interoperability of FOMAUSs that originate from dlfferent manufacturers, using any of these fiber sizes,
is assured provided that the received peak optical power is between —27 dBm and -9 dBm and the optical
fiber cable link segment bandwidth is greater than or equal to 150 MHz.

In order to satisfy the above attenuation and bandwidth criteria for all allowable FOIRL lengths, and
assuming up to 4 dB of connection losses within the optical fiber cable link segment, it is recommended
that the cabled optical fiber have an attenuation < 4 dB/km and a bandwidth of = 150 MHz referred to 1 km
at a wavelength of 850 nm.

The potal incremental optical pulse edge jitter introduced by the optical fiber cable link segment'shall be
less than 1 ns when driven by an optical transmitter 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 differ-
ent manufacturers:

(1) [The two cabled optical fibers contained in the optical fiber cable link segment shall satisfy the|opti-
cal fiber parameters specified in IEC Publication 793-2 [14] type Alb (62.5/125 um),12 and
(2) [The optical fiber cable link segment shall have an attenuation less than-or equal to 8 dB and a band-
width greater than or equal to 150 MHz.

9.9.5.2 Optical Medium Connector Plug and Socket. The two optical fibers contained in the{opti-

cal fibdr cable link segment shall be terminated at each end in an/optical connector plug as specified in IEC
Publications 874-1 [18} and 874-2 [19].
The porresponding mating connector socket shall conformwith the specifications given in IEC Publica-
tions 8[74-1 and 874-2. This document specifies the mechanic¢al mating face dimensions to ensure mechani-
cal intermateability without physical damage, of all ¥-SMA connectors covered by the document. In
additign, 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 and 874-2 and also using two identical fibers, as specified in 9.9.5.1, assuming uniform mode
distribition 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
<1010 ffor peak optical powers(at the output of the FOMAU’s receive optical fiber between -27 dBm and
-9 dBm. The value of -9 dBm corresponds to the maximum allowable peak optical power that can be cou-
pled into the worst-case-optical fiber specified in 9.9.5.1 at the beginning of the FOMAU’s lifetimg (see
9.9.4.118), and assumes Zero optical loss between the optical source output and the optical detector input.

The palue of -27 dBm is calculated by subtracting the FOIRL flux budget from the minimum allowable
peak optical powér-that can be coupled into the FOMAU’s transmit optical fiber at the beginning df the
FOMA[’s lifetime (see 9.9.4.1.8). The flux budget is the maximum loss allowed within the FOIRL to guar-
antee 4 BER < 10-10 assuming worst-case link components. A portion of the flux budget has been allogated
as a desiginmargin to allow for degradation and tolerance effects in the optical source. This is noted in the
table bglow as the optical source lifetime degradation. The remaining flux budget of 9 dB assumes a syjstem
margin allowance for the optical fiber cable link segment over its lifetime, and may be allocated to the opti-
cal fiber cable link segment loss at the discretion of the network planner/installer. The following summa-
rizes the allocated optical flux budgets for the example graded index optical fiber of worst-case dimensions
62.5 um — 3 um (i.e., 59.5 um) core diameter and 0.275 — 0.015 (i.e., 0.260) numerical aperture:

12This FOIRL specification is to be read with the understanding that the following changes to IEC Publication 793-2 [14] have been
requested:

(1) Correction of the numerical aperture tolerance in Table III to £ 0.015.

(2) Addition of another bandwidth category, of 2 150 MHz to 1 km, for the type Alb fiber in Table III.
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Start of life minimum peak coupled optical power (9 9.4.1.8) : : =15 dBm
Optical source lifetime degradation :3dB
Maximum optical fiber cable link segment loss
including system margin allowance :9dB
Resultant required receive peak optical power 1 —27 dBm

9.9.6.2 Timing Considerations. Table 9-1 summarizes the maximum allowable timing budget contri-
butions to the system timing budget for the FOIRL. The last b1t in to last bit out delay shall equal the
Steady-State Propagation Delay.

Table 9-1
Maximum Allowable Timing Budget Contributions to the FOIRL System Timing Budget

Steady-State

: k s 1 . Start-Up
. Bit Loss Invalid Bits Propagation
Symbol Function . (bit times) (bit times) Delay ‘(b']t):i]x?i )
(bit times) s
&1 OPTICAL DATAIN 2.0 1.0 05 ' 3.5
ASSERT—INPUT : :
12 OUTPUT—OPTICAL 2.0 ~ 1.0 0.5 » 3.5
, DATA OUT ASSERT ’
LOOP DO CIRCUIT ASSERT 5.0 1.0 ‘ 1.0 7.0
BACK -DI CIRCUIT ASSERT
13 OPTICAL COLLISION — — — 3.5
—+3QE ASSERT
14 COLLISION DEASSERT — B — — 7.0f
—SQE DEASSERT : ~
Al AUI Propagation _ — 2.57 2.5Y
F1 Optical Fiber Propagation - , —_— 50 50
per Kilometer '

#Minimum Start-up Délay for I4 is 4.5 bit times.

9.9.7 Environmental Specifications
9.9.7.1 Safety Requirements
9.9.7.1.1 Electrical Safety. A major application for the vendor-independent FOIRL is for intercon-
nedting 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 fand pro-

vide adequate personnel and equlpment safety from earth faults and lightning strike hazards.

9.9.7.1.2 Optlcal Source Safety. The recommendations of IEC 825 Publication [17] if applicable,
shall be adKered to in determining the optical source safety and user warning requirements.

9.9.7.2 Electromagnetic Environment

9.9.7.2.1 Susceptibility Levels. Sources of interference from the environment include electromag-

netic fields, electrostatic discharge, and transient voltages between earth connections. Several sources of
interference contribute to voltage between the optical fiber cable link segment (either a metallic strength
member in the cable, a metallic optical connector plug, or the outermost conducting element of the FOMAU
for the case of no metallic strength member) and the earth connection of a DTE.

For information on limits and methods of measurements of radio interference characteristics of informa-
tion technology equipment, see 1.3 in CISPR Publication 22 [1].

The physical channel hardware shall meet its specifications when operating in both of the following
conditions:
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(1) Ambient plane wave field of 2 V/m from 10 kHz through 30 MHz and 5 V/m from 30 MHz through
1 GHz. ‘

NOTE: These are the levels typically found 1 km from radio broadcast stations.

(2) Interference source voltage of 15.8 V peak sine wave of frequency 10 MHz in series with a 50 Q
source resistance applied between the optical fiber cable link segment (either a metallic strength
member in the cable, a metallic optical connector plug, or the outermost conducting element of the
FOMAU for the case of no metallic strength member) and the earth connection of a DTE.

NOTE: The optical fiber link segment is capable of withstanding higher levels of electromagnetic interference. The above
specifications are the minimum requirements for the environment in which the FOMAU is required to operate.

9.9.7.2.2 Emission Levels. The FOMAU and optical fiber cable link segment shall comply with
CISPR Publication 22 [1].

9.9.7.3 Temperature and Humidity. The FOMAU and associated connector/cable &ystems 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 beyond the scope of this standard. Manufacturers should indicate in the literature associated with the
FOMAU (and on the FOMAU if possible) the operating environment specifications to’ facilitate selegtion,
installation, and maintenance of these components. It is further recommended that'such specifications be
stated |in standard terms, as specified in IEC Publications 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 Specifications,
Type 10BASE2

ope

10.1.1 Overview. This standard defines the functional, electrical, and mechanical characteristics of the
Medium Attachment Unit (MAU) and one specific medium for use with local area networks. The relation-

ship o

this specification to the entire CSMA/CD Local Area Network Specification is shown in Fig 10-1.

Physical Layer Partitioning; Relationship to the ISO Open Systems Interconnection

~ osl LAN -
REFERENCE MODEL CSMA/CD
LAYERS LAYERS
APPLICATION *  HIGHER LAYERS
PRESENTATION LLC
/ | LOGICAL LINK CONTROL
/
MAC ,
SESSION , /" |mepiaaccess controL| S<bTE § pre
/ . (AUl no(tj)
PLS expose
TRANSPORT /o, /| PHYSICAL SIGNALING
’
NETWORK /o,
Y
DATA LINK /
MAU
PHYSICAL |
- - — DI

AUl = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT

MDI =. MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT

Fig 10-1

(OSI) Reference Model

The [purpose of the MAU ‘ig/to provide a simple, inexpensive, and flexible means of attaching devi¢es to
the local area network miedium. This standard defines a means of incorporating the MAU function within

the DT

achieved by the use ofindustry standard coaxial cables and BNC connectors.

This|

E and bringing-the trunk coaxial cable directly to the DTE. Interconnection of DTE units is ¢asily

MAU and\medium specification is aimed primarily at applications where there are a relatively

small humber ‘of.devices located in a work area. Installation and reconfiguration simplicity is achieved by

the tyq]

e of ¢able and connectors used. An inexpensive implementation is achieved by eliminating the MAU

and Afftachment Unit Interface (AUI) as separate components and using widely available interconnéction

compo.

hents

10.1.1.1 Medium Attachment Unit (normally contained within the data terminal equipment
[DTE]). The MAU has the following general characteristics:

¢y

2
3)
4

Enables coupling the PLS to the explicit baseband coaxial transmission system defined in this sec-
tion of the standard.

Supports message traffic at a data rate of 10 megabits per second (Mb/s).

Provides for driving up to 185 m (600 ft) coaxial trunk cable segment without a repeater.

Permits the DTE to test the MAU and the medium itself.
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(5) Supports system configurations using the CSMA/CD access mechanism defined in the ISO [IEEE]
Local Area Network Specification.

(6) Supports a bus topology interconnection means.

(7) Supports low-cost capability by incorporating the MAU function within the phys1cal bounds of the
DTE, thereby eliminating the need for a separate AU connector and cable but containing the
remaining AU interface functionality.

10.1.1.2 Repeater Unit. The Repeater Unit is used to extend the physical system topology and pro-
vides for coupling two or more coaxial trunk cable segments. Multiple Repeater Units are permitted within
a single system to provide the maximum trunk cable connection path specified in 10.7. The repeater is not
a DTE and therefore has slightly different attachment requirements.

10.1.2 Definitions. This section defines the specialized termmology apphcable to MAUs and[Repeater
Units.

Attachment Unit Interface (AUI). In a local area network, the interface betweenthe Medium Attach-
mént Unit (MAU) and the data terminal equipment within a data station.

baseband coaxial system. A system whereby information is directly encoded and impressed on the coax- '
ialltransmission medium. At any point on the medium only one information'signal at a time can be present
without disruption.

cafrrier sense. In a local area network, an ongoing activity of a data station to detect whethpr or not
anpther station is transmitting. :

NOTE: A collision presence signal is provided by the PLS to the PMA sublayer to indicate that one or more stations ane currently
trapsmitting on the trunk coaxial cable.

copxial cable section. A single length of coaxial cable terminated at each end with a BNC malp connec-
ton} Cable sections are joined to other cable sectionsvia BNC plug/receptacle barrel or Type T adapters.

copxial cable segment. A length of coaxial cable made up from one or more coaxial cable sections and
cogxial connectors, terminated at each end in its characteristic impedance. ’

collision. An unwanted condition thatTesults from concurrent transmission on the physical medjum.

collision presence. A signal provided by the PLS to the PMA sublayer (within the Data Link Layer) to
indicate that multiple stationsiare contending for access to the transmission medium.

Me¢dium Attachment Unit (MAU). In a local area network, a device used in a data statlon to cpuple the
data terminal eqmpment (DTE) to the transmission medium.

M dium Dependent Interface (MDI). The mechamcal and electrical interface between the trink cable
mgdium 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, contained within the I}TE, that
provides the logical and functional coupling between MAU and Data Tink Layers.

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

trunk cable. The trunk coaxial cable system.
NOTE: For additional definitions, see 8.1.2.
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10.1.3 Application Perspective: MAU and Medium Objectives. This section states the broad objec-
tives and assumptions underlying the specifications defined throughout Section 10 of the standard.

10.1.3.1 Object

(1) Provide the physical means for communication between local network Data Link entities.

NOTE: This specification covers a portion of the Physical Layer as defined in the OSI Reference Model and, in addition, the
physical medium itself, which is beyond the scope of the OSI Reference Model.

(2) Define a physical interface that can be implemented independently among different manufacturers
of hardware and achieves the intended level of compatibility when interconnected in a common local
network.

(3) Provide a communication channel capable of high bandwidth and low bit error rate performance.

The resultant mean bit error rate, at the Physical Layer service interface, should be less tharn one

bart 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 (ability of a station to gain access to the medium and enable

the Data Link connection in a timely fashion).

(6) Enable low-cost implementations.

NOTE: The figures and numerous textual references throughout the section refer to terminology associated with the AUI
that is, DO, DI, CI). Since the normal embodiment of the Type 10BASE2 configuration does not require an AUI, actual fexist-
nce of the DO, DI, CI circuit may not be required. Use of this terminology, however, i§ retained throughout Section {L0 for
urposes of clarity and consistency.

10/1.3.2 Compatibility Considerations. All implementations of this baseband coaxial system shall
be compatible at the Medium Dependent Interface (MDI).

This standard provides one explicit trunk cable medium specification for the interconnection of all MAU
devices| The medium itself, and the functional capability of the MAU, are defined to provide the highest
possible level of compatibility among devices designed by different manufacturers. Designers are free to
implerndent circuitry within the MAU in an application-dependent manner provided the MDI specifications

are satisfied.

10.1.3.3 Relationship to PLS and AUI This section defines the Primary Physical Layer for the Jocal
area ndtwork, a layer comprised of both the physical medium and the rudimentary circuitry necessary to
couple h station’s message path directly to/from the medium. The complete Logical Physical Layer of the
local arlea network resides within the DTE:Therefore, a close relationship exists between this section| and
Section| 7. This section specifies the physical medium parameters, the PMA logical functions residing in the
MAU, and references the signal circudits associated with the AUI as defined in Section 7.

The design of a MAU componentrequires the use of both this section and parts of the PLS and AUI spec-
ifications contained in Section 7.

10.1.3.4 Mode of Operation. The MAU functions as a direct connection between the baseband
medium and the DTE, Data from the DTE is output to the coaxial trunk medium and all data on the doax-
ial trunk medium isinput to the DTE.

10.2 References. References to such local or national standards that may be useful resource materidl for
the readler areidentified and located in the Annex at the end of this book.

10.3 MAU Functional Specifications. The MAU component provides the means by which signals on the
three AUI signal circuits to/from the DTE and their associated interlayer messages are coupled to the sin-
gle coaxial cable baseband signal line. To achieve this basic objective, the MAU component contains the fol-
lowing functional capabilities to handle message flow between the DTE and the baseband medium:

(1) Transmit Function. The ability to transmit serial data bit streams on the baseband medium from
the local DTE entity to one or more remote DTE entities on the same network.

(2) Receive Function. The ability to receive serial data bit streams over the baseband medium.

(3) Collision Presence Function. The ability to detect the presence of two or more stations’ concurrent
transmissions.
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(4) Jabber Function. The ability to automatically mterrupt the Transmit Function and inhibit an
abnormally long output data stream.

10.3.1 MAU Physical Layer Functional Requirements

10.3.1.1 Transmit Function Requirements. At the start of a frame transmission on the coaxial
cable, no more than 2 bits (2 full bit cells) of information may be received from the DO circuit and not
transmitted onto the coaxial medium. In addition, it is permissible for the first bit sent to eontain invalid
data or timing; however, all successive bits of the frame shall be reproduced with no more than the speci-
ﬁed amount of _]lttel‘ The 4th b1t cell shall be carrled from the DO 31gna1 line and transmitted onto the
med : gna - = ation delay

agde level on the trunk coaxial medium. It is assumed that the AUI shall provide) adequate protection
agdainst noise. It is recommended that the designer provide an implementation in which a minimum
thireshold signal is required to establish a transmit bit stream.

he Transmit Function shall output a signal on the trunk coaxial mediuni whose levels and waveform
-comply with 10.4.1.3.

[n addition, when the DO circuit has gone idle after a frame is output, the MAU shall then activate the
Cqllision Presence Function as close to the trunk coaxial cable a§ possible without introducing an extrane-
ous 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 (Wait_Timer_Done inFig 10-2) and shall maintain an activd Collision
Presence state for a time equivalent to 10 + 5 bit cells.

PowerOn
———
.......... OUTPUT'DLE Output OUTPUT
® disable_driver : enoblo_dr?lv:l;
® mau_ovailable mat_.available
(if no_coliision) (if no_collision)
® SQE (if COIIIalon) ® SQE (if Colllsion)
output_.idle
SQE TEST WAIT

® start wait._timer
® disable_driver
® SQE (if Coliision)
® mau._available

test_timer_done (it no_collision)

wait__timer_done.

SQE TEST ucT START TEST TMER
............. - < .
® SQE ® . SQE (i Colliaion)
® atart test_timer

(UCT = uneconditional transition)
(Wait_Timer_Done is specified in 10.3.1.1)

Fig 10-2
MAU Interface Function

168



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

ISO/IEC 8802-3 : 1993
CSMA/CD ‘ ANSI/IEEE Std 802.3, 1993 Edition

10.3.1.2 Receive Function Requirements. The signal from the coaxial trunk cable shall be ac cou-
pled before reaching the receive DI circuit. The Receive Function shall output a signal onto the DI circuit
that complies with the specification for drivers in MAUs (7.5).

At the start of a frame reception from the coaxial cable, no more than 5 bits (5 full bit cells) of informa-
tion may be received from the coaxial cable and not transmitted onto the receive DI circuit. In addition, it
is permissible for the first bit sent over the receive circuit to contain invalid data or timing; however, all
successive bits of the frame shall reproduce the incoming signal with no more than the amount of jitter
specified below. This implies that the 7th bit cell presents valid data to the PLS. The steady-state propaga-
tion delay between the coaxial cable and the receive DI circuit output shall not exceed 1/2 bit cell. There
are no logical signal inversions between the coaxial (trunk) cable and the MAU receive circuit.

A MAU meeting this specification shall exhibit edge jitter into the DI pair when terminated in the appro-
priate tgst load specified in 7.4.1.1, of no more than 7.0 0s in either direction when it is installed on the fis-
tant end of all lengths up to 185 m (600 ft) of the cable specified in 10.5.1.1 through 10.5.2.1.5 termingted
at both ends with terminators meeting the impedance requirements of 10.6.2.1 and driven at one'end with
pseudorandom Manchester encoded binary data from a data generator that exhibits no more than 1.0 :1s of

edge jitter in either direction on half bit cells of exactly 1/2 BT and whose output meets the spécifications 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 MAD 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 mediym.

10.3.1.3 Collision Presence Function Requirements. The signal presented to the CI circuit in the
“absence |of a collision shall be the IDL signal.

The signal presented to the CI circuit during the presence of a collision'shall be the CS0 signals encofded
as specified in 7.3.1.2. This signal shall be presented to the CI circuitio-more than 9 bit times after the pig-
nal (that is, dc average) on the coaxial cable at the MAU equals of.exceeds that produced by two (or more)
MAU outputs transmitting concurrently under the condition that-the MAU detecting collision presence is
transmifting. Under no conditions shall the Collision Presence Function generate an output when only pne
MAU is transmitting. A MAU, while not transmitting, may detect the presence of two other MAUs trgns-
mitting pnd shall detect the presence of more than two_other MAUs transmitting. Table 10-1 summarizes
the allowable conditions under which collisions shall be detected.

The cgllision presence function may, in some implementations, be able to sense an abnormal (for exam-
ple, open) medium. '
The use of MAUSs in repeaters requires additional considerations; see 10.4.1.5.

Table 10-1
. Generation of Collision Presence Signal
MAU Numbers of Transmitters
Transmitting <2 =2 >2
Not Trgnsmitting N Y Y
N ) May Y

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

10.3. T4 Jabber Functional Requirements. The MAU shall contain the capability as defined in
Fig 10-3 to interrupt a transmission from a DO circuit that exceeds a time duration determined by the
MAU. This time duration shall not be less than 20 ms nor more than 150 ms. If the frame being transmit-
ted continues longer than the specified time duration, the MAU shall inhibit transmission and assume its
not-transmitting state on the coaxial cable.

When the Transmit Function has been positively disabled, the MAU shall then activate the Collision
Presence Function without introducing an extraneous signal on the trunk coaxial medium. A MAU may
reset the Jabber and Collision Presence Functions on power reset once the error condition has been
cleared. Alternately, a MAU may reset these functions automatically after a period of 0.5 s + 50%.
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POWER ON

NO .QUTPUT

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

® roset frome..timer
o reset unjob_.timer

MAU TRANSMITTER ACTIVE

START TIMER

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

& gtart frame_timer

ucT

(MAU TRANSMITTER LEGAL—LENGTH OUTPUT :

NOT ACTIVE)

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

® SQE
® disable._driver

output_idie, + (MAU WITH UNJAB' TIMER)

START) UNJAB TIMER

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

o start unjab_timer
o disable._driver

SQE.
ucr
UNJAB WAIT
® digable_driver output * (unjab._
® SQE
9 timer_not..done)

unjab_timer..done

(Figure 10-3 outputs override those in Fig 10-2.
Optional states: START UNJAB TIMER, UNJAB WAIT.)

Fig 10-3
Jabber Function State Diagram

10.3.2 MAU Interface Messages

10.3.2.1 DTE to MAU Messages. The following messages can be sent by the DTE Physical Layer
(PLS Sublayer) Entities to the MAU Entities:
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Message Circuit Signal ' Meaning
output DO ~ CD1, CD0 Output information

output_IDL DO IDL No data to be output

10.3.2.2 MAU to DTE Messages. The following messages can be sent by the MAU Physical Layer
Entities to the DTE Physical Layer Entities:

Message Circuit Signal Meaning

input DI CD1, CDO" Input information
input_jdle DI IDL No information to be input
mau_dpailable CI IDL MAU is available for output
SQE CI CSo0 Error detectedby MAU

. *It is adsumed that no retiming of these clocked data signals takes place within the MAU.

10.3.2.2.1 input Message. The MAU sends an input message to the DTE Physical Layer when
MAU h4s a bit of data to send to the DTE. The physical realization of thé:input message is a CDO or (
sent by the MAU to the DTE on the Data In circuit. The MAU sends CDO'if the input bit is a zero or CII
the inpyt bit is a one. No retiming of the CD1 or CDO signals takes place within the MAU.

the
CD1
V1 if

.3.2.2.2 input_idle Message. The MAU sends an input: idle message to the DTE Physical L

is the II)L signal sent by the MAU to the DTE on the Dataln circuit.

ical Layer when the MAU is available for output, The mau_available message is always sent by a
that is glways 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 realization of the mau_avail
messagq is an IDL signal sent by the MAU o the DTE on the Control In circuit.

. followin,

(1)
(2)

(3)
4
(5)

.3.2.2.4 signal_quality_error (SQE) Message. The SQE message shall be implemented in
fashion:

e SQE message shallnot be sent by the MAU if no or only one MAU is transmitting on the tr
axial medium,

more than two remote MAUSs are transmitting on the trunk coaxial medium, but the MAU
cted to the.local DTE is not transmitting, then the local MAU shall send the SQE message
ery instance when more than one MAU is transmitting on the coaxial medium, the MAU s
ake the best determination possible. It is acceptable for the MAU to fail to send the SQE mesg
hen it is unable to conclusively determine that more than one MAU is transmitting.

yer

MAU does not have data to send to the DTE. The physical realization of the input_idle mesgage

19.3.2.2.8 mau_available Message. The MAWUsends the mau_available message to the DTE Phys-

U

ble

the

unk

bon-
. In
hall
age

jore

én the local MAU is transmitting on the trunk coaxial medium, all occurrences of one or

additional MAUs transmitting shall cause the SQE to be sent by the local MAU to its DTE.

When the MAU has completed each output frame it shall perform an SQE test sequence. Note that

MAUSs associated with repeaters shall not generate the SQE test sequence.

When the MAU has inhibited the Transmit Function, it shall send the SQE message in accordance

with the Jabber Function requirements of 10.3.1.4 and Fig 10-3.

The SQE message shall be asserted less than 9 bit cells after the occurrence of the multiple-transmission
condition is present at the Medium Dependent Interface (MDI) and shall no longer be asserted within
20 bit cells after the indication of multiple transmissions ceases to be present at the MDI. It is to be noted
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that an extended delay in the removal of the SQE message may adversely affect the access method

performance.
The physical realization of the SQE message is the CS0 signal sent by the MAU to the DTE physical lay-
ers on the Control In circuit.

NOTE: The MAU is required to assert the SQE at the appropriate times whenever the MAU is powered and not just when the DTE
physical layer is providing data output. ‘

10.3.3 MAU State Diagrams. The state diagrams, Figs 10-2 and 10-3, depict the full set of allowed

MAU state functions relative to the control circuits of the DTE-MAU interface for MAUs without condition- ;

ing requirements. Messages used in these state diagrams are explained below:

eﬁ:able_drlver. Activates the path employed during normal operation to cause the MAU trafsmitter to
impress data onto the trunk coaxial medium.

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

no_collision. Signifies that the condition of multiple transmitters simultaneously active on|the trunk
baxial medium does not exist.

[«]

collision. Signifies that the condition of multiple transmitters simultaneously active on the trynk coaxial
medium does exist.

frame_timer. Measures the time the MAU transmits on the trunk coaxial cable,

o

pst_timer. M‘eas’ures the length of the SQE Test.
unjab_timer. Measures the amount of time the MAWhas been in J ab 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 bgtween the
MAU and the coaxial cable. Négative current is defined as current into the MAU (out of the center conduc-
tor of the cable).

10.4.1.1 Input Impedance. The shunt capacitance presented to the coaxial cable by the] MAU cir-

6(pF. The magnitude of the reflection from a MAU plus the cable connection specified in 10.6.3 shall not be
more than that produced by an 8 pF capacitance when measured by both a 25 ns rise 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.

10.4.1.2 Bias Current. The MAU must draw (from the cable) between +2 yA and - 25 pA in the power-
b and 1] : i} " .

10.4.1.8 Coaxial Cable Signaling Levels. The signal on the coaxial cable due to a single MAU as
measured at the MAU’s transmitter output is composed of an ac component and an offset component.
Expressed in terms of current immediately adjacent to the MAU connection (just prior to splitting the cur-
rent flow in each direction), the signal has an offset component (average dc current including the effects of
timing distortion) of from — 37 mA min to — 45 mA max and an ac component from + 28 mA up to the offset
value.
The current drive limit shall be met even in the presence of one other MAU transmitter. The MAU shall
be capable of generating at least 2.2 V of average dc level on the coaxial cable in the presence of two or

=3
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more other MAUs transmitting concurrently. The MAU shall, in addition, sink no more than + 250 pA
when the voltage on the center conductor of the cable drops to — 10 V when the MAU is transmitting.

The actual current measured at a given point on the cable is a function of the transmitted current and
the cable loss to the point of measurement: Negative current is defined as current out of the center conduc-
tor of the cable (into the MAU). The 10 — 90% rise/fall times shall be 25 + 5 ns at 10 Mb/s. The rise and fall
times must match within 2 ns. Figure 10-4 shows typical waveforms present on the cable. Harmonic con-
tent generated from the 10 MHz fundamental periodic input shall meet the following requirements:

Second and Third Harmonics: At least 20 dB below fundamental
Fourth and Fifth Harmonics: At least 30 dB below fundamental
Sixth and Seventh Harmonics: At least 40 dB below fundamental

el 1 1 L 1 i 1
All Higher HarmonicsT At Teast 50dB below furdammentat

NOTE| Even harmonics are typically much lower.

& mA

-17 mA
4114 mA

B
m
i

-65mA
~90 mA

Fig 104
Driver Current Signal Levels

tbove specifications concerning harmonics cannot be satisfied by a square wave with a single{pole
ddi-

The 3
filter, nor can they be satisfied by an output waveform generator employing linear ramps without 4
vaveshaping. The signals, as generated from the encoder within PLS, shall appear on the cogxial

tional ¥
cable without any inversions (see Fig 10-5),
o l : l 0 ‘ : ] : | 0 ‘
—\ — 0V
‘
/ \ |
| I L [ — —Z.U2V

L

NOTE: (1) Voltages given are nominal, for a single transmitter.
(2) Rise time is 25 ns nominal at 10 Mb/s rate.
(8) Voltages are measured on terminated coaxial cable adjacent to transmitting MAU.
(4) Manchester coding.
Fig 10-5
Coaxial Trunk Cable Signal Waveform
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10.4.1.4 Transmit Qutput Levels Symmetry. Signals received from the DO circuit must be trans-
mitted onto the coaxial cable with the characteristics specified in 10.4.1.3. Since the coaxial cable proceeds
in two directions from the MAU, the current into the MAU is nominally twice the current measured on the
coaxial cable.

The output signal of a MAU meeting this specification shall exhibit edge jitter of no more than 2.5 ns into
a 25 Q + 1% resistor substituted for the connection to the coaxial cable when the DO circuit into the MAU
is driven with pseudo-random Manchester encoded binary data from a data generator that exhibits no
more than 0.5 ns of edge jitter on half bit cells of exactly 1/2 BT, whose output meets the specifications of
7.4.1.1 through 7.4.1.5. The above specified component shall not introduce more than 2 ns of edge jitter into

the system.

The MAU shall not transmit a negative going edge after cessation of the CD output data stream or before
he first valid edge of the next frame.

[

10.4.1.5 Collision Detect Thresholds. For receive mode collision detection the MAU sh3ll have its
bllision detection threshold set in the range —~1404 mV and —1581 mV. These limits.take account of up to
% collision detect filter impulse response. If a specific filter implementation has athigher value|of impulse
bsponse, the lower threshold limit of —1404 mV is required to be replaced by 1300 mV x [1|+ impulse

bsponse]. .

Receive mode collision detection indicates that a nontransmitting MAU has the capability to detect colli-
sions when two or more MAUs are transmitting simultaneously.

o 2o Bl 0 o I <]

MAUs included with repeater sets are required to implement receivé mode collision detection

When receive mode collision detection is not implemented, the upper limit of ~1581 mV may |be relaxed
tp -1782 mV.

NOTE: The above threshold limits are measured at the coaxial cable center conductor with respect to the shield at the MAU connec-
tdr. The MAU designer must take into account circuit offsets, low-frequency noise (for example, 50 Hz, 60 Hz), and 5 MHz ripple at
the filter output in determining the actual internal threshold valué’and its tolerance.

104.2 MAU Electrical Characteristics

10.4.2.1 Electrical Isolation. The MAU must provide isolation between the DTE Physical Layer cir-

fits and the coaxial trunk cable. Theisolation impedance measured between any conductor ip the DTE
ysical Layer circuitry and eitherthe center conductor or shield of the coaxial cable shall be greater than

260 kQ at 50 Hz, 60 Hz. In addition, the isolation impedance between the DTE ground and the coaxial

. chble shield shall be less than.15 Q between 3 MHz and 30 MHz. The isolation means provided ghall with-

stand 500 V ac, rms for one.minute. ‘

[r]

. 10.4.2.2 Power Consumption. The current drawn by the MAU shall not exceed 0.5 A if gowered by
the AUI source. The, MAU shall 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 trynk coaxial

edium should the DTE power source fall below the minimum operational level under abnotmal MAU

ad conditions.

The MAU shall be labeled externally to identify the maximum value of current required by the device.
his requirement only applies to MAUSs that are external to DTEs.

—

-

10.4.2.3 Reliability. The MAU shall be designed to provide an MTBF of at least 100 000 hours of con-
tinuous operation without causing communication failure among other stations attached to the local net-
work medium. Component failures within the MAU electronics should not impede the communication
among other MAUs on the coaxial cable. Connectors and other passive components comprising the means
of connecting the MAU to the coaxial cable shall be designed to minimize the probability of total network
failure.

It should be noted that a fault condition that causes a MAU to draw in excess of 2 mA from the coaxial
cable may cause communication failure among other stations.
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10.4.3 MAU-DTE Electrical Characteristics. If the AUI is exposed, the electrical characteristics for
the driver and receiver components connected between the DTE Physical Layer circuitry and the MAU
shall be identical with those as specified in Section 7 of this standard.

10.5 Characteristics of Coaxial Cable System. The trunk cable is of constant impedance, coaxial con-
struction. It is terminated at each of the two ends by a terminator (see 10.6.2), and provides the transmis-
sion path for connection of MAU devices. Coaxial cable connectors are used to make the connection from
the cable to the terminators and between cable sections. The cable has various electrical and mechanical
requirements that shall be met to ensure proper operation.

10.5.1 Coaxial Cable Electrical Parameters. The parameters specified in 10.5.1 are met by cable
types R{z 58 A/U or RG 58 C/U.

.1.1 Characteristic Impedance. The average characteristic cable impedance shall be 50 + 2 Q.
Periodi¢ variations in impedance along a single piece of cable may be up to +3 Q sinusoidal, centered

.1.2 Attenuation. The attenuatlon of a 185 m (600 ft) cable segment shall notlexceed 8.5 dB mea-

10.5.1.4 Edge Jitter; Entire Segment without DTEs Attached{A coaxial cable segment meeting
this specification shall exhibit edge jitter of no more than 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 imped4nce
requirements of 10.6.2.1 and is driven at one end with pseudorandom Manchester encoded binary data
from a data generator that exhibits no more than 1.0 ns of edgejitter in either direction on half bit cells of
exactly /o BT and whose output meets the specifications 0f20.4.1.3, except that the rise time of the signal
must bg 30 ns + 0, — 2 ns, and no offset component in the‘output current is required. This test shall be fon-
ducted In a noise-free environment. The above specified component is not to introduce more than 7 ns of
edge jitter into the system.

to minimize its susceptibility to external noise and also to minimize the generation of interference by|the
and related signals. While the ‘eable construction is not mandated, it is necessary to indicate a
measure of performance expected from the cable component. A cable’s EMC performance is determined, to
xtent, by the transfer impedance value of the cable.

The transfer impedance of thé cable shall not exceed the values shown in Fig 10-6 as a function of|fre-
quency.

10.5.1.6 Cable DC.Loop Resistance. The sum of the center conductor resistance plus the shield
resistanice measured./at 20 °C shall not exceed 50 mQ/m.

10.5.2 Coaxial Cable Physical Parameters

10.5.2. 1 Mechanlcal Requlrements The cable used should be suitable for routmg in various envi-

throughout open floor space. The Jacket shall provide 1nsulat10n between thecable sheath and any bulldmg
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.

175


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

ISO/IEC 8802-3 : 1993

ANSI/IEEE Std 802.3, 1993 Edition LOCAL AND METROPOLITAN AREA NETWORKS:
1000
"
/)
100 -
g

MILLIOHMS/METER

10K ; 100K " 10M 100M
FREQUENCY. g

Fig 10-6
" Maximum Coaxial Cable Transfer Impedance

10.5.2.1.2 Center Conductor. The center conductor shall be stranded, tinned copper with an over-
all diameter of 0.89 mm + 0.05 mm.

10.5.2.1.3 Dielectric Material. The dielectric may be of any type, provided that the condltlons of
10.5.1.2 and 10.5.1.3 are met; however, a solid dielectric is preferred.

10.5.2.1.4 Shielding System. The shielding system may contain both braid and foil elements suffi-
lent to meet the transferimpedance of 10.5.1.5 and the EMC specifications of 10.8.2.

The inside diameter of the shielding system shall be 2.95 mm * 0.15 mm.

The shielding system shall be greater than 95% coverage. The use of tinned copper braid is recom-
mended to meet the contact resistance and shielding requirements.

[«]

10.5:2.1.5 Overall Jacket

(1)_Any one of several jacket materials shall be used provided the specifications 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 materials provided the
specification of 10.5.2.1.1 are met:
(a) Polyvinyl chloride (for example, PVC) or equivalent having an OD of 4.9 mm + 0.3 mm.
(b) Fluoropolymer (for example, FEP, ECTFE) or equivalent having an OD of 4.8 mm * 0.3 mm.

The cable shall meet applicable flammability and smoke criteria to meet the local and national codes for
the installed environment (see 10.8.3).

Different types of cable sections (for example, polyvinyl chloride and fluoropolymer dielectric) may be
interconnected, while meeting the sectioning requirements of 10.7.2.1.
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10.5.2.2 Jacket Marking. It is recommended that the cable jacket be marked with manufacturer and
type at a nominal frequency of at least once per meter along the cable.

10.5.3 Total Segment DC Loop Resistance. The sum of the center conductor, connectors, and shield
resistance shall not exceed 10 Q total per segment Each in-line connector pair or MAU shall contribute no
more than 10 mQ.

As a'trunk coaxial cable segment consists of several cable sections, all connectors and internal resistance.
of the shield and center conducter shall be included in the loop resistance measurement.

tioned into sections. Dev1ces to be attached to the medlum reqmre a means of connectlon to the medium,
'This means is provided by a BNC “I” adapter, as shown in Fig 10-7.

SINGLE MOULDING
SNAP CLOSE BODY

—— v o =

A KR |
(T

ﬂﬁx

\

R

FLYING COVER TO INSULATE
MALE “T" CONNECTOR WHEN
WITHDRAWN FROM DTE

INSULATING COVER

(Tutorial only and not part of the standard.)

Fig 10-7
Examples of Insulated Connector Cover

The BNC connectors shall be of the 50 Q constant impedance type. High-quality versions of these connec-
tors (per IEC 169-8 [4]) are recommended in order to meet dcloop resistance and reliability considerations.
All of the coaxial connectors shall follow the requirements as defined in 10.6.3.
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10.6.1 In-Line Coaxial Extension Connector. All coaxial cables shall be terminated with BNC plug
connectors. A means shall be provided to ensure that the connector shell (which connects to the cable
sheath) does not make contact with any building metal (at ground potentlal) or other umntended conduc-
tor.

An ingulating sleeve or boot slipped over the connector at installation time is sultable

In-line coaxial extensions shall be made with BNC receptacle-to-receptacle connectors joined together to
form one “barrel.” An insulating sleeve or boot shall also be provided with each barrel assembly.

10.6.2 Coaxial Cable Terminator

10.6. 2.1 Coaxial cable termmators are used to prov1de a termmatlon 1mpedance for the cable equal in
- . 5 ables; Termina-

terminator power rating shall be 0.5 W or greater A means of insulation shall be provided w1th each terml-
n4gtor.

10.6.3 MAU.-to-Coaxial Cable Connection. A BNC “T” (plug, receptacle,plug) adaptor grovides a
mans of attaching a MAU to the coaxial cable. The connection shall not disturb the transmigsion line
chlaracteristics of the cable significantly; it shall present a low shunt capacitance, and therefore|a negligi-
bly short stub length. This is facilitated by the MAU being located as close to its cable connection) as possi-
blg; the MAU and connector are normally considered to be one assembly. Long (greater than 4 cm)
copnections between the coaxial cable and the input of the MAU jeopardize this objective.

erall system performance is dependent largely on the MAU-te-coaxial cable connection being of low
shunt capacitance. ‘

e design of the connection shall meet the electrical requirements contained in 10.4.1.1 and the reliabil-
ity specified in 10.4.2.3. The use of BNC “I” adaptors.and connectors satlsﬁes these requirements,
Figure 10-7 shows a MAU-to-coaxial cable attachment. :

means shall be provided to ensure that the connector assembly (that is, BNC “T” plus male cqnnectors)
does not make contact with any building metalwork (at ground potential) or any other unintenddd conduc-
tors. An insulating cover should therefore be @pplied after connection. A possible design is depicted in
Fig 10-7. The insulating cover should have these characteristics:

1) It should guard against accidental-grounding of the connector assembly.
2) It should allow ease of attachment and detachment of an assembled “I” connector to the MAU with-

out necessitating the removal-of section cable connectors (that is, segment integrity is maiptained).
3) It should be a simple moulding that attaches firmly to a connector assembly.

10.7 System Considerationse

[10.7.1 Transmission System Model. Certain physical limits have been placed on the physifal trans-
mission system. These revolve mostly around maximum cable lengths (or maximum propagation fimes), as
thpse can affect critical time values for the CSMA/CD access method. These maxima, in terms of propaga-
tiqn times, were derived from the physical configuration model described here. The maximum ¢onfigura-
tiqn is as follows: '

DA trunk coaxial cable, termmated in 1ts charactenstlc 1mpedance at each end constltutes a coaxial

mum of 30 MAUs The propagatlon velomty 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 coaxial segment is 950 ns.

(2) Repeater sets are required for segment interconnection. Repeater sets occupy MAU positions on
coaxial segments and count toward the maximum number of MAUs on a coaxial segment. Repeater
sets may be located anywhere on a coaxial segment.

(8) The maximum transmission path permitted between any two MAUs is limited by the number of

repeater sets that can be connected in series (that is, four). The maximum number of segments con-

nected in series is therefore five (Fig 10-8), which shall consist of no more than three tapped coaxial

segments; the remainder shall be link segments as defined in 8.6.1. ,
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. SET 1 SET 2 SET 3 SET 4
STATION 1
Fig 10-8
Maxi . ... Path

repeaters (see 10.7.2.5).

NOTE: Care should be taken to ensure that the safety requirements are met when extending the trunk cable'by thd use of

(4) |The transmission system may also contain segments comprising trunk coaxial cable specified in

segments.

Section 8; however, these shall be attached by repeater sets. As such a combination of segments is
capable of achieving longer lengths than (3) above, the maximum configuration then becomeg lim-
ited by propagation delay. Type 10BASE2 segments should not be used tobridge two Type 10BASE5

Figyres 10-9, 10-10, and 10-11 show transmission systems of various types and sizes to illustrate the

boundhry conditions on topologies generated according to the specifications in this section.

COAXIAL CABLE SEGMENT

(185 METERS MAXIMUM)

COAXIAL CABLE

l

STATION

?

MAU ‘& CONNECTION
TO COAXIAL CABLE
(30 MAX
PER SEGMENT)

Fig 10-9
The Minimum System Configuration

10.7.2 Transmission System Requirements

10.7.2.1 Cable Sectioning. The 185 m (600 ft) maximum length coaxial cable segment will be made
from a number of cable sections: As the variation on cable characteristic impedance is +2 Q on 50 Q, a pos-
sible worst-case reflection of 4% may result from the mismatch between two adjacent cable sections. The
MAU will add to this reflection by the introduction of its noninfinite bridging impedance.

The accumulation of this reflection can be minimized by observing a minimum distance between MAUSs
(and between cable sections). In order to maintain reflections at an acceptable level, the minimum length

cable section shall be 0.5 m.

179


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

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

COAX SEGMENT 1

1
REPEATER SET %ﬁ Y
R ——
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L
COAX SEGMENT 2

- Fig 10-10
The Minimum System Configuration Requiring a Repeater Set
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Fig 10-11 e
An Example of a Large Hybrid System
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10.7.2.2 MAU Placement. MAU components and their associated connections to the cable cause sig-
nal reflections due to their noninfinite bridging impedance. While this impedance must be implemented as
specified in 10.6, the placement of MAUs along the coaxial cable must also be controlled to ensure that
reflections from the MAU do not accumulate to a significant degree.
Coaxial cable sections as specified in 10.7.2.1 shall be used to connect MAUSs. This guarantees a mini-
mum spacing between MAUs of 0.5 m.
The total number of MAUSs on a cable segment shall not exceed 30.

10.7.2.3 Trunk Cable System Earthing. The shleld conductor of each coaxial cable segment may
make electrical contact with an effective earth reference!® at one point and shall not make electrical con-
tact with earth elsewhere on such objects as building structural metal, ducting, plumbing fixture, or other
unintdnded conductor. Insulators should be used to cover any coaxial connectors used to join cable selttlions
and terminators, to ensure that this requirement is met. A sleeve or boot attached at installation time is
acceptable. (See 10.6.3.)

10.7.2.4 Static Discharge Path. A static discharge path shall be provided. The shield of the trunk
coaxial cable is required to be connected to each DTE earth (within the DTE) via a 1 M, 0.25 W repistor
- that hps a voltage rating of at least 750 V dc.

10.7.2.5 Installation Environment. This specification is intended for networks in use within a gingle
building and within an area served by a single low-voltage power distribution system. Applications rIquir-
ing interplant connections via external (outdoors) means may require, special considerations. Repgaters
and ngnconducting IRL components may provide the means to satisfy these isolation requirements.

NOTE: The reader is advised that devices should not be operated at significantly different frame potentials. The 10BASE2 conpection
system may not be capable of handling excessive earth currents.

10.8 Environmental Specifications

10.8{1 Safety Requirements. The designer should consult relevant local and national safety rdgula-
tions to assure compliance with the appropriate standards (for example, see Appendix A for reference
material).

10.8.1.1 Installations. If the trunk coaxial cable is to be installed in close proximity to electrical iower
cables| then installation practice according to local and national code shall be followed (see Anngx for

resourge material).

10.8.1.2 Earthing. Where earthing is mandated by locally or nationally prescribed codes of practice,
the shjeld of the trunk coaxial.cable shall be effectively earthed at only one point along the lengthj»f the
cable. [Effectively earthed means permanently connected to earth through an earth connection of |suffi-
ciently low impedance and’having sufficient ampacity to prevent the bulldlng up of voltages thati may
result in undue hazard to connected equipment or to persons.

10.8;2 Electromagnetic Environment

10.8.2.1 >Susceptibility Levels. Sources of interference from the environment include electrgmag-
netic f] elds, electrostatlc dlscharge transmnt voltages between earth connections, etc
Severs 5 sfinterfere i o-to-voltaseb dap-be cey A
connection of a DTE ;
The physical channel hardware shall meet its specifications when operating in either of the following
conditions:

(1) 'Ambient plane wave field of 1 V/m from 10 kHz through 1 GHz.

NOTE: Levels typically >1 km from broadcast stations.

133ee local or national regulations for guidance on these matters and reference [A12).
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(2) Interference source voltage of 15.10 V peak 10 MHz sine wave with a 50 Q source resistance applled
between the coaxial cable shield and the DTE ground connection.

MAUSs meeting this standard should provide adequate RF ground return (coaxial cable shleld to DTE
ground) to satisfy the referenced EMC specifications.

10.8.2.2 Emission Levels. The physical MAU and trunk cable system shall comply with local and
national regulations (see Annex for resource material). '

10.8.3 Regulatory Requirements. The MAU and medium should consider IEC 435 in addition to localy
and national regulations. See references [6] and [A12].
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11. Broadband Medium Attachment Unit and Broadband
Medium Specifications, Type 10BROAD36

11.1 Scope

11.1.1 Overview. This section defines the functional, electrical, and mechanical characteristics of the
Broadband Medlum Attachment Umt (MAU) and the specific s1ng1e- and dual-cable broadband medla for
N 0 q q N Q also

defined. The relatlonshlp of this spec1ﬁcat10n to all of the IEEE Local Area N etwork standards (IEEE 802)
is shown in Fig 11-1. Repeaters as defined in Section 9 are not relevant for 10BROAD36.
oSl
: L.AN
REFERENCE CSMA/CD
LAYERS LAYERS
APPLICATION . HIGHER LAYERS
PRESENTATION LLG :
; / | LOGICAL LINK CONTROL
- /
MAG ‘
SESSION /" |MEDIA ACCESS CONTROL >—0TE 5 prE
/ - (Optional
/ PLS ho AL
TRANSPORT /o, 7 | PHYSICAL SIGNALING .
‘ v ’ . ] -
NETWORK 1 : :
- / : <+————AUl
/ : :
DATA LINK / :
MAU
PHYSICAL |
- MDI
AUI = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT
MDI = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT
Fig 111 -
Physical Layer Partitioning, Relationship to the ISO Open Systems Interconnectlon
(OSD Reference Model
The |purposeof '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 broadband
systenr permits the assignment of different frequency bands to multiple applications. For example, alband
in the gpectrum can be utilized bylocal area networks while other bands are used by point-to-point orj mul-

tidrop links, television, or audio signals.

The physical tapis a passive directional device such that the MAU transmission is directed toward the
headend location (reverse direction). On a single-¢able system the transmission from the MAU is at a car-
rier frequency fl. A frequency translator (or remodulator) located at the headend up-converts to a carrier
frequency 2, which is sent in the forward direction to the taps (receiver inputs). On a dual-cable system
the transmit and receive carrier frequencies are identical (both f1) and the MAU connects to the medium
via two taps, one on the receive cable and the other on the transmit cable. The transmit and receive cables
are connected to each other at the headend location. Figure 11-2 shows broadband single- and dual-cable
systems.
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Fig 112
Broadband Cable Systems
e broadband MAU operates by accepting data from the attached Data Termination Equipment (DTE)
and transmitting a modulated radio frequency (RF) data signal in a data band on the broadband coaxial
cabje system:"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

recgption; which is inherent in the broadband cable system,
Pltransmlttlng MAU logically compares the beginning of the received data with the data traqsmltted.
Any T them, ch may be due to erTors caused by colliding transmissions, or reception of

an earlier transmission from another MAU, or a bit error on the channel, is interpreted as a collision.

When a collision is recognized, the MAU stops transmission in the data band and begins transmission of
an RF collision enforcement (CE) signal in a separate CE band adjacent to the data band. The CE signal is
detected by all MAUs and informs them that a collision has occurred. All MAUs signal to their attached
Medium Access Controllers-(MACs) the presence of the collision. The transmitting MACs then begin the
collision handling process.

Collision enforcement is necessary because RF data signals from different MAUs on the broadband cable
system may be received at different power levels. During a collision between RF data signals at different
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levels, the MAU with the higher received power level may see no errors in the detected data stream. How-
ever, the MAU with the lower RF signal will see a difference between transmitted and received data; this
MAU transmits the CE signal to force recognition of the collision by all transmitting MAUs,

11.1.2 Definitions

Attachment Unit Interface (AUI). In a local area network, the interface between the medium attach-
ment unit and the DTE within a data station. N ote that the AUI carries encoded 51gna1s and provides for
duplex data transmission. : : :

Binary Phase Shift Keying (Binary PSK or BPSK). A form of modulation in which binary data are
transnfitted by changing the carrierphase by 180degrees:

Broatlband LAN. A Local Area Network in which information is transmitted on modulated) carriers, -
allowing coexistence of multiple simultaneous services on a single physical medium by frequency diyision
multiplexing. '

CATV{Type Broadband Medium. A broadband system comprising coaxial cables, taps, splitters, amplifi-
ers, arld connectors the same as those used in Community Antenna Television (CATV) or cable television
installations.

Channel. A band of frequencies dedicated to a certain service transmitted.on the broadband medium

Coaxipl Cable. A two conductor, concentric (center conductor and-shield), constant impedance trangmis-
sion line.

Continuous Wave (CW). A carrier that is not modulated or<switched.

dBmV] Decibels referenced to 1.0 mV on 75 Q, used ‘to define signal levels in CATV-type broadband
systens. -

Drop [Cable. The small diameter flexible coaxial 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 shift, with respect to frequency, through a component or
systen]. Group delay variation is the maximum difference in group delay over a band of frequencies.

Headg hd The location in a broadband system that serves as the root for the branching tree compuising
the phjsical medium; the point to which all inbound signals converge and the point from whlch al] out-
bound gignals emanate,

Jabbejr. A condltlon wherein-a station transmits for a perlod of time longer than the maximum permigsible
packet{length, usually due to a fault condition.

Postamble.In the broadband Medium Attachment Unit specified in this section, the bit pattern appgnded
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 broadband system.

Seed. The twenty-three (23) bits residing in the scrambler shift register prior to the transmission of a.
packet.

Spectrum Mask. A graphic.representation of the required power distribution as a functlon of frequency
for a modulated transmission. :
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Translation. In a single-cable system, the process by which incoming transmissions at one frequency are
converted to another frequency for outgoing transmission. The translation takes place at the headend.

Truncation Loss. In a modulated data waveform, the power difference before and after 1mplement1ng the
filtering necessary to constrain its spectrum to a specified frequency band.

Trunk Cable. The main (large-diameter) cable ofa broadband coaxial cable system. See Drop Cable.

11.1.3 MAU and Medium Objectivea. This subsection states the broad objectives and assumptions
underlying the specifications defined throughout this section of the standard.

(—Providethe physical means—for commumnication—among-local-network Data—LinkEntitiesyusing a
broadband coaxial medium. , ‘ '
(23) Provide a broadband Medium Attachment Unit (MAU) that is compatible at the Attachment Unit
Interface (AUT) with DTEs used on a-baseband medium.
() Provide a broadband MAU that emulates the baseband MAU except for the signal’delay from Cir-
cuit DO to Circuit DI.
(4) Provide a broadband MAU that detects collisions w1th1n the timing congtraints specified in the
baseband case,

Provide a broadband network dlameter no less than 2800 m.
Provide a broadband Physical Layer that ensures that no MAU i allowed to capture the medium
during a collision due to signal level advantage (that is, ensures-fairness of the physical layer).

(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.
Define a physical interface that can be implemented independently among different manufpcturers
of hardware and achieve the intended level of compatibility when interconnected in a trommon
broadband local area network.
(10) Provide a communication channel capable of high bandwidth and low bit error rate performance,
The resultant mean bit error rate at the physical layer service interface should be less than pne part
in 108 (on the order of one part in 102 at thelink level) in a worst-case signal-to-noise ratio 9f 26 dB.
(11) Provide a broadband medium physical layer that allows for implementation in both dual- hnd sin-
gle-cable systems.

(12) Provide for ease of installation and;service.
(13) Provide a communication channel that coexists with other channels on the same phys1ca1 medium.

~~
£ Cn
N N

[{e)
N

It} is not an objective of this broadband MAU to allow its use with the baseband repeater defined in Sec-
tion| 9 of this standard. r

11.1.4 Compatibility Considerations. All implementations of the broadband coaxial system ghall be
comipatible at the Medium Dependent Interface (MDI). This standard provides medium specifications for
the finterconnection of)all MAU devices. The medium itself, the functional capability of the MAU |and the
AU |Interface are-defined to prov1de the highest possible level of compatibility among devices designed by
diff¢rent manufaeturers. Designers are free to implement circuitry within the MAU in an application-
depgndent manner provided the MDI and AUI specifications are satisfied. Subsystems based on thiis speci-
ficajion may be implemented in several different ways provided compatibility at the medium is main-
tainedIt‘is possible, for example, to design an integrated station where the MAU is contained yithin a
phypical DTE system component, thereby eliminating the AUI cable. ‘

11.1.5 Relationship to PLS and AUL The broadband MAU and cable system specifications are closely
related to Sec¢tion 7 (Physical Signaling and Attachment Unit Interface Specifications). The design of a
physical MAU component requires the use of both this section and the PLS and AUI spe(:lﬁcatlons in Sec-

“tion 7.

11.1.6 Mode of Operation. In its normal mode of operation, the MAU functions as a direct connection

between the DTE and the broadband medium. Data from the DTE are transmitted onto the broadband
coaxial system and all inband data on the coaxial cable system is received by the DTE. This mode is the
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mode of operation for the intended mesSage traffic between stations. Other operating modes, such as a
loopback mode or a monitor mode, may be provided but are not defined by this standard.

11.2 MAU Functional Specifications

11.2.1 MAU Functional Requirements, The MAU component provides the means by which signals on
the physically separate AUI signal circuits to and from the DTE and their associated interlayer messages
are coupled to the broadband coaxial medium. To achieve this basic objective, the MAU component con-
tains the following capabilities to handle message flow between the DTE and the broadband medium:

(1)

Transmit Function. The ability to transmit serial data bit streams originating at the local DTE in a

@)
(3)
4)

1

bilities:

(1)
2
3
(4)

(5)
(6)

(M

Figy

provided that the result is the same.

band-limited modulated RF carrier form, to one or more remote DTES on the same network, Ln
the

Receive Function. The ability to receive a modulated RF data signal in the band of mterest fro
broadband coaxial medium and demodulate it into a serial bit stream.

Collision Presence Function. The ability to detect the presence of two or more stations’ concy
transmissions.

Jabber Function. The ability of the MAU itself to interrupt the transmit functien and inhil
abnormally long output data stream.

.2.1.1 Transmit Function Requirements. The transmit function shall'include the following

Receive Manchester encoded data sent by the local DTE to the attached MAU on Circuit DO (1
mit data pair).

Decode the Manchester encoded data received on: Circuit-DO to produce NRZ (Non-Return to
data and a recovered clock signal.

Scramble the NRZ data using a CCITT V.29-type scrambler with seed changed on each transn

packet.
Transform the incoming bits (prior to modulation) to provide an unscrambled alternating zex

iIrrent

bit an
capa-

rans-
Zero)
hitted

0-0ne

pattern terminated by an Unscrambled Mode Delimiter (UMD); scramble the remainder ¢f the

incoming preamble, Start Frame Delimiter (SFD), and data frame; and append an unscramble
tamble (Broadband End of Frame Delimiter [BEOFD)).

Differentially encode the packet generated above.

Produce a bandlimited, double sideband suppressed carrier, binary PSK modulated RF signal 1
senting the above generated differentially encoded packet.
Drive the coaxial cable with the modulated RF signal.

re 11-3 functionally represents these capabilities. The order of the functional blocks may be al

MANCHESTER FRAME DIFFERENTIAL
AUl &= " 5eCoDER > REFORMATTER r—’ ENCODER [

l pos-

repre-

tered

g
p! MoDULATOR |—p| SRBLE L o “HiEIE
SYSTEM

Fig 11-3
’I‘ransmlt Function Requirements
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11.2.1.2 Receive Function Requirements. The receive function shall include the following:

(1) Receive the differentially encoded b1nary PSK modulated RF 51gna1 from the broadband coaxial
medium,.

(2) Receive the data band RF s1gnals and reject signals in bands other than the data band (rejection of

: signals in the adjacent collision enforcement band is optional).

(8) Demodulate and differentially decode the incoming RF data signal from the coaxial medium to pro-
vide a receive bit stream that represents the scrambled bit stream at the transmitter.

(4) Descramble the receive bit stream using a self-synchronizing descrambler.

(5) Manchester encode the descrambled bit stream.

] . . 3 enerated, Manchester
encoded preamble equal to the number of preamble blts lost in the receive data path (plus jor minus:
one bit), followed by the Manchester encoded bit stream. No more than 6 preamble bits'may be lost

~ from the preamble presented to Circuit DO at the transmitting MAU. ;
7) Detect end of frame, using the postamble (BEOFD), and ensure that no extraneous blts are sent to
the DTE on Circuit DI, ;
8) Receive signals in the collision enforcement band and reject signals in the data band and|all other
bands on the broadband medium.

11.2.1.3 Collision Detection Function Requirements. The MAU shall perform the following func-
tiohs to meet the collision detection requirements:

1) Store the scrambled bits (not dlfferentlally encoded) in the transmlt section through to the last bit

in the source address.

2) Detect the UMD in the transmlt and receive paths.

3) Compare received scrambled bits after the received UMD with transmitted scrambled bits|after the

‘transmit UMD through to the last bit in the source address.

' 4) A Receive UMD Timer function shall be performed by the MAU. The timer shall be as lopg as the

time required from initial detection of RF;data signal presence to detectlon of a'UMD in a normally

received (no collision) packet.

(5) Enter a LOCAL COLLISION DETection state if one of the following occurs:

(a) Abit error is found in the bit'eompare process through the last bit in the source address.
(b) The Receive UMD Timer expires before a UMD is detected in the received bit stream.
(¢) The MAU receives the output (that is, transmit) signal from the AUT AFTER having received

an RF signal from the coaxial cable. -

6) Upon entering the LOCAL COLLISION DET state, cease transm1ss1on in the data band pnd com-

mence transmissjon in ‘the colhsmn enforcement band for as long as the DTE continues to gend data
to the MAU.

7) Upon entering the LOCAL COLLISION DET state send the signal_quality_error (SQE) message on

Circuit CI{collision presence pair) using the CSO0 signal for as long as RF signals are detectied on the
broadband coaxial medium in either the data or collision enforcement bands.

8) Detectypower in the collision enforcement band and send the SQE message on Circuit CI psing the

CS0-signal. Send the SQE message for as long as energy is detected in the collision enfprcement
band. :

9)") Ensure that during collisions, due to phase cancellatlons of the colliding carriers, Circuit DI does

not become inactive before Circuit CI becomes active.

(10) Test the collision detection circuitry following every transmission that does not encounter a colli-
sion. This test consists of transmitting a burst of collision enforcement RF signal after the end of the
postamble transmission and detecting this burst on the receive side. If the burst is detected, the

CS0 (BR) signal is sent on Circuit CI of the transmitting MAU.

11.2.1.3.1 Collision Enforcement Transmitter Requirements. The MAU shall provide a collision
enforcement (CE) transmitter that generates a constant amplitude RF signal in the CE band at the same
power level as the data signal postamble.
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11.2.1.3.2 Collision Enforcement Detection Requirements. The MAU shall detect energy in-the
CE band that is within the specified range of receive levels, irrespective of the signal power level in the
data band. ,

11.2.1.4 Jabber Function Requirements. The MAU shall have a jabber function that inhibits trans-
mission onto the coaxial cable interface if the MAU attempts to transmit an RF signal longer than 150 ms.
The MAU shall provide an MTBF of at least 1 million hours of continuous operation without rendering the
transmission medium unusable by other transceivers. Transmissions of less then 20 ms shall not be
affected. When the jabber circuit is activated, signal_quality_error shall be sent on Circuit CI.
. Circuit DO shall also be monitored for transmissions in-excess of the maximum packet length. If the
packet is longer than 20 ms, an attempt shall be made to deactivate the transmitter before the jabber cir-
cuit is fctivated, to avoid locking up the unit due to a non-MAU Tailure.

State diagrams defining the jabber function may be found in 11.2.3,

11.2.2 DTE PLS to MAU and MAU to DTE PLS Messages

11:2.2.1 DTE Physical Layer to MAU Physical Layer Messages. The following messages can be
sent by the DTE Physical Layer Entities to the MAU Physical Layer Entities (refer t0-7.3 of this staridard
for the|definitions of the signals): , , ~

Messpge ’ Circuit Signal Meaning
output . DO ‘ CD1, CDO Output information
output_idle ‘ DO IDL / No data to be output

11:2.2.2 MAU Physical Layer to DTE Physical Layer Messages. The following messages can be
sent by the MAU Physical Layer Entities to the DTE Physical Layer Entities:

Messhage Circuit Signal Meaning

k input] DI CD1, CDO - Input information
input| idle DI IDL ~ No input information
mau_lovailable - CL W DL ‘ " MAUis available‘ for eutput

signaj_quality _error Cl CS0 (BR) Error detected by MAU

11.2.2.2.1 input Méssage. The MAU Physical Layer sends an input message to the DTE Physical
Layer when the MAU hias a bit of data to send to the DTE. The physical realization of the input messdge is
a CDO pr CD1 sent by'the MAU to the DTE on Circuit DI. The MAU sends CDO if the input bit is a zqro or
CD1 if[the input bitis a one. The jitter and asymmetry on CDO0 and CD1 shall be no more than that gpeci-
fied in [7.5.2.1. :

11.2.2.2.2 input_idle Message. The MAU Physical Layer sends an input_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 Circuit DI.

11.2.2.2.3 mau_available Message. The MAU Physical Layer sends a mau_available message to
the DTE Physical Layer when the MAU is available for output. The mau_available message is always sent
by an MAU that is prepared to-output data. The physical realization of the mau_available message is an
IDL signal sent by the MAU to the DTE on Circuit CI.

11.2.2.2.4 signal_quality_error Message. The signal_ qualzty error message shall be 1mplemented
in the following fashion:
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(1) The signal_quality_error (SQE) message shall not be sent by the MAU if no or only one MAU is
transmitting a legal length packet (as specified in this standard) on the coaxial medium, except as a
part of the SQE self test.

(2) If the MAU connected to the local node is not transmitting, then the local MAU shall send the sig-
nal_quality_error message in every instance when it detects power in the collision enforcement
band earlier than the time equivalent for reception of a 512 bit data frame plus preamble and SFD.

(8) When the local MAU is transmitting on the coaxial medium, all occurrences of one or more addi-
tional MAUSs transmitting shall cause the signal_quality_error message to be sent by the local MAU
to the attached DTE.

(4) When the MAU has completed a successful transmission of a packet it shall perform an SQE Test
sequence. In this instance, the collision enforcement RF signal is interpreted as an SQE Test signal.

11.2.3 MAU State Diagrams. The operatlon of the MAU during normal transmission and rece}Jtlon 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.
e 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 MAT Jabber
statle machine is in the INTERRUPT or JAB state, outputs of the MAU Jabber state machine shpll over-
ridd 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 pnto the
coaxial cable. ‘
enable_data_driver. Activates the mechanism by which the RF data 81gna1 is impressed ¢nto the -
coaxial cable.
(3) disable_CE_driver. Deactlvates the mechanism“by which collision enforcement RF signals are
impressed onto the coaxial cable. -
(4) enable_ CE_driver. Activates the mechanism by which collision enforcement RF signjals are
impressed onto the coaxial cable.
(8) mau_available. Signifies that the MAU is available for transmission (that is, there is po SQE
active). ‘
(@) signal_quality_error (SQE). Signifies that the MAU has detected a collision, it has successfully com-
pleted the SQE Test sequence,-or the jabber circuit is active.
start_SQE_test_timer. Causes a timer to begin counting so that the SQE Test signal may be¢ sent to
the coaxial cable interface:

() positive_disable. Prevents any RF signal from being sent onto the coaxial cable.

(@

N

(7

N

11.2.3.2 MAU State Dlagram Signal Names, The signal names used in the state d1agram are as
follgws:

(1) - PowerOn:-This signal signifies that power has been applied to the unit.

(2) rx_energy. When this signal is active, an RF signal on the coaxial cable has been detected gither in
the.data band or in the collision enforcement band or in both. The delay in asserting or deaeLserting

this signal is sufficiently short that the delays specified in 11.3.4.5 are met.

(d) —output. Signifies that data from the DTE is being presented for transmission at the AUI

(4) tx_umd (Transmit Unscrambled Mode Delimiter). When the Unscrambled Mode Delimiter has been
detected in the transmit data sequence, this signal is asserted:

(5) rx_umd (Receive Unscrambled Mode Delimiter). When the Unscrambled Mode Delimiter has been
detected in the receivé data sequence as it is conveyed from the coaxial cable interface, this signal is
asserted.

(6) SQE_test_timer. This signal is on during the t1me that the SQE Test Tlmer is engaged. At the end of
the time, this signal is deasserted.

(7) rx (Receive). As long as data is being presented by the MAU to Circuit-DI of the AUI, this signal is

active. When the last bit of the receive data has been presented to the AUI, this signal is deasserted.
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€))

(10)

(11)

(12)

(13)

(14)

(15)

(16)

ced (Collision Enforcement Detection). RF signal power in the collision enforcement band causes
this signal to be asserted.

ced_window (Collision Enforcement Detection Window). This signal defines a period of time (a f‘wm-
dow”) during which collisions may occur. Its purpose is to distinguish collision enforcements from
SQE Test sequences on the coaxial cable. The window opens when rx_energy goes active and closes
a minimum of 365 bit times later. The maximum time the w1ndow may be open is the minimum
frame length, plus preamble and SFD: 576 bits. -

rx_umd_timeout (Receive Unscrambled Mode Delimiter Timeout). Tt is possible that the Receive
Unscrambled Mode Delimiter may be corrupted by a collision such that the bit-by-bit comparison
may not begin. This signal forces detection of a collision due to failure to detect the rx_umd within a
maximum time. The timeout begins upon receipt of RF signal in the data band and expires 32 bit

times later.
tx_#_rx (Transmit Not Equal to Receive). Assertion of this signal occurs when a difference is
detected between the received data stream and the transmitted data stream.

bbbw (Bit-by-Bit Window). Bit-by-bit comparison shall be performed only for a timelong enough to
guarantee that the last bit of the source address has been examined. This signalis asserted| after
the UMD is received and throughout the bit-by-bit comparison process. To place-a bound on the¢ loca-
tion of the source address relative to the UMD, the maximum preamble length-permitted for gpera-
tion with the broadband MAU is 62 bits. This places the last bit of the soufce address no latert than
143 bits after the UMD.
ced_gate. This signal is a gating function that serves to shape the timing of ced during an SQE Test.
It becomes true a minimum of 6 and a maximum of 16 bit times after the last bit has been presented
to Circuit DI and stays active 10 + 5 bit times.
tx_energy. This signal signifies that the MAU is attempting to transmit an RF signal onto the|coax-
ial cable.
frame_timer. This s1gnal is on from the beginning of output until it is reset or until 1t has been on
continuously for timeoutl s, The value of timeoutl shall be greater than 20 ms and less| than
timeout2.
jab_timer. This signal turns on when tx energy turns on and lasts until it is reset or until it hag been
on continuously for timeout2 s. The value of titneout2 shall be greater than timeout1 and lesj than
150 ms.
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Fig 114
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Fig 114
MAU State Diagram (continued)
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MAU Jabber State Diagram

11.3 MAU Characteristics

Mﬂl.S.l MAU-to-Coaxial Cable Interface. The following subsections describe the interface befgzeen the
U and the broadband coaxial medium. The miedium is a 75 Q CATV-type broadband cable installation
employing a single bidirectional cable with band-split amplifiers and filters, or dual unidirectionpl cables
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 enforcement frequency bands shall be at least 14 dB.
witlh power applied to the MAU. ‘

11.3.1.1.2 Receiver Squelch Requirements. There shall be a receiver squelch that inhibits recep-
tioh of RF signal§ that are too low in level. This squelch shall permit reception of RF data or collision
AenErcement signials that are greater than or equal to —7 dBmV rms as measured by the method of

11.8.1.2.5. RF signals (data, collision enforcement, noise, or other signals) of levels lower than —-15 dBmV

rmk shallbe ignored.
The réceive squelch for CE signals shall be derived from a power detector with noise bandwidth greater:

tharCor equal to 1.5 MHz centered at the CE center frequency.

1n3.1.13 Receive Level Requirements. The receiver shall operate with RF data and CE signals
having levels from —4 dBmV to +16 dBmV rms. The nominal receive level shall be +6 dBmV rms.

11.3.1.14 Receiver Selectivity and Linearity Requirements. The MAU shall operate in the
presence of single frequency (CW) signals adjacent to the receive band of the MAU and offset from the band
edges, received at the following levels: ‘
(1) 0dBmV rms at 0.25 MHz below and above the band
(2) 10 dBmV rms at 1.25 MHz below and above the band
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The receiver shall be capable of operating in a cable environment loaded with TV signals (for example,
every 6 MHz in the USA). The TV signals shall be no higher than +10 dBmV peak video at the receiver
coaxial cable interface.

11.3.1.1.5 Receive Input Mechanical Requirements. The receiver mechanical interface shall be a
75 Q female F-series coaxial connector. The connection to the broadband medium shall be through a coaxial
drop cable with a mating male F-series connector. For single-cable configurations, the same connector may
be used for receive and transmit.

11.3.1.2 Transmit Interface

be 75 S . The return loss within the data and colhslon enforcement frequency bands shall be at least 14 dB
with pgwer applied. : .

11.3.1.2.2 Transmitted RF Packet Format. Figure 11-6 shows the transmitted RF\packet format.

11.3.1.2.3 Transmit Spectrum and Group Delay Characteristics. The transmit RF data sjgnal
shall be binary phase-shift-keyed (PSK) modulated and shall have a frequency (spectrum equivalent to
basebahd 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

rgg%: o< =w<fit-a
| st (2o - 52

Ea—w<=w<%a+ﬂ

o | ‘[w >=ga+a|

where T = one symbol time (100 ns for 10 Mb/s) and a = 0.4, and the first term accounts for the sin x/x gpec-
trum of NRZ random data. , ‘

The total variation in group delay from Circuit DO to the RF coaxial medium interface shall not exceed
20 ns in the frequency band from the carrier frequency to + 5 MHz, and 32 ns to + 5.5 MHz.

The ¢ollision enforcement (CE) signal shall be a constant amplitude pulse with controlled turn-on and
turn-off times. Random modulation may be added to reduce the probability of cancellation when more than
one CH signal is réceived simultaneously. The modulated signal shall have an instantaneous frequency
within [0.75 MHz.of the CE band center frequency and shall conform to the spectrum mask specified in
11.3.1.2.4. The random modulation may be derived from the transmit NRZ data stream.
The CH signalrise and fall times shall approximate a Gaussian shape of the form:

f(t)= exp(—%[%:r)

where T = one symbol time and t < 0 for the rise time and t > 0 for the fall time.
The CE and data RF signals shall not be transmitted simultaneously.

11.3. 2.4 Transmit Out-of-Band Spectrum. The transmitted power outside the speclﬁed band
- shall meet or exceed the relative attenuation (RA) specified below, under the following conditions:
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Fig 11-6

Packet Format and Timing Diagram (AUI'to Coaxial Cable Interface)

(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) RAis the attenuation in decibels elative to the reference level outside the specified band, measured
in a 30 kHz noise bandwidth Wwith a video filter of 300 Hz bandwidth or less.

(4) Bis 18 MHz, the width of'data plus collision enforcement bands.
5) MTF is the measuremert frequency in MHz. :
(6) NCEF is the frequeney of the nearest edge of the band, in. MHz.

RA = min (63,55 + 30 %|(MF - NCEF) /B)

e 5]

igure 11-8 graphically shows the attenuation requirement for out-of-band power.

11.3.125 Transmit Level Requirements. The transmitter output power during the pgstamble
and during the SQE Test of the collision enforcement signal shall be 1000 mV peak-to-peak into a 75 Q2 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
(inband and out-of-band) while not transmitting shall be less than —20 dBmV rms. All spurious signals
from the transmitter while transmitting data or collision enforcement shall be below the spectrum mask

specified in 11.3.1.2.4.
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Transmit Out-of-Band Power Attenuation

11.3.1.2.8 Collision Enforcement Signal Leakage Requirement. The collision enforcement RF
signal leakage to the coaxial cable during data transmission and while the MAU is not enforcing collisions

shall be less than 5 dBmV rms. Leakage shall be less than —~20 dBmV rms when the MAU is not in the
transmission mode.

11.3.1.2.9 Transmit Output Mechanical Requirements. The transmit mechanical 1nterface shall
be a 75 Q female F-series coaxial connector. The connection to the broadband medium shall be through a
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coaxial drop cable with a mating male F-series connector. For single cable mstallatmns, the same connector
may be used for transmit and receive.

11.8.2 MAU Frequency Allocations. The broadband MAU uses a data band 14 MHz wide and an adja-
cent collision enforcement band 4 MHz wide. A single cable midsplit configuration with a frequency offset
of 156.25 MHz or 192.25 MHz between forward and reverse channels is recommended. Other configura-
tions, including dual-cable, where forward and reverse channels are on separate unidirectional cables, also
are permitted.” The preferred pairing for the usual North American 6 MHz channels is specified in Table
11.2-1 and Table 11.2-2. The tables also specify the data carrier or collision enforcement center frequency
for each band, and for smgle-cable systems, the frequency translation and the headend local oscillator
frequency.

11.3.2.1 Single-Cable Systems Frequency Allocations.” Table 11.2-1 lists the permiisible fre-
quency 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 systpms. The
156.25 MHz translation results in a reversal of the data and collision enforcement bands, as the lower side-
band is used.

11.3.2.2 Dual-Cable Systems Frequency Allocations.” In nontranslated’ dual-cable systems trans-
mit and receive frequencies are identical. Table 11.2-2 lists the permissiblefrequency band allocations. In
some instances translated dual-cable systems are installed. In such cases.the single-cable frequency alloca-
tigns may be used.

’ Table 11.2-1 .
Single-Cable Frequency Allocations‘(Frequencies in MHz)
TRANSMITTER v RECEIVER

Translation Translation

156.25 MHz 192.25 MHz
Data Coll Enf Transmit Headend Receive Headend Receive
Carrier Center Freq Band Local Osc Band Local Osc Band
43 52 85.75~58.75 245.75 192-210 192.25 228-246
49 58 41,75-59.75 2517.76 198-216 192.25 234-252
55 64 47.75-65.75 269.75 204-222 192.25 240-258
+61 70 53.75-71.75 281.75 210228 192.256 246-264
67 76 59.75-71.75 293.75 216-234 192.25 252-270
73 82 65.75-83.75 305.75 222-240 192.25 258-276

NOTES: (1)-Some of these optional bands are overlapping.
(2) Frequengy tolerance of the data carrier and headend local oscillator shall each be + 25 kHz.
(8) + deniotes the preferred frequency allocation.

1.3.3. AUI Electrical Characteristics

nl the AUI
- cable and the broadband coax1a1 medlum The 1solat10n 1mpedance shall be greater than 250 kQ at 60 Hz,
measured between any conductor (including shield) of the AU Interface cable and either the center conduc-
tor or shield of the coaxial cable. The 1solat10n means prov1ded shall be able to withstand 500 Vac rms for
one minute.

The MAU power supply, if provided, shall meet the appropnate national requirements. See Reference [8]
for guldance

*The remainder of 11.3.2 and all of 11.3.2.1 and 11,3.2.2 are not part of the ISO standard Frequency allocations are a subject for
national standardization.
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Table 11.2-2
Dual-Cable Frequency Allocations (Frequencies in MHz)

Data Coll Enf Data Coll Enf
Carrier Center Freq Band Band
43 52 36-50 50-54
49 58 42-56 | 56-60
55 64 48-62 62-66
+61 ' 70 54-68 68-72
67 . 76 60-74 74-78
73 82 66-80 80-84
235.25 244.25 228--242 242-246
241.25 250.25 : 234-248 248-252
247.25 256.25 240-254 254-258
253.25 262.25 246-260 260-264
259.25 - 268.25 252-266 . -266-270
; 265.25 274.25 258-272 272-276
NOTES: (1) Some of these optional bands are overlapping.
(2) Frequency tolerance of the data carrier shall be + 25 kHz.
(3) + denotes the preferred frequency allocations. i
11.3.3.2 Current Consumption. The MAU may have its own,power supply but is also allowed tq use
the power supplied by-the DTE through the AUI cable. When drawing current from the AUI, the cunrent

shall ngt exceed 0.5 A as provided by the AUI source. The MAU shall be capable of operating from all ppssi-

ble voltage sources as supplied by the DTE through the resistance of all permissible AUI cables. The U
shall ngt disrupt the broadband coaxial medium should the DTE power source fall below the minimhium
operatignal level under abnormal MAU load conditionis. The MAU shall be labeled externally to identi

fy

11.3.3.3 Driver and Receiver Requirements. The requirements for AUI cable driver and recdiver

1.

vide signals that meet the symmetry and jitter requirements of Circuit DI defined in Section 7|and

.3.4 AUI Mechanical Connection. The MAU shall be provided with a 15-pin male connectdr as
in detail in the PLS/AUI specifications, in 7.6 of this standard.

MAU Transfer Characteristics. Signals presented on Circuit DO are transformed into signals
oaxial cable interface by delaying them and by reformatting them. Signals at the coaxial cable
are transformed into signals on Circuit DI and Circuit CI by a different framing change and by
al delay:

.41 AUI to Coaxial Cable Framing Characteristics. Data presented on Circuit DO shall first

be received differentially, then Manchester decoded into an NRZ data stream. The framing of the data shall
then be transformed into a new packet for presentation to the RF modulator in the following way (see

Fig 11-

(1)

2

6 and Fig 11-9):

Up to 5 bits of the incoming data stream may be dropped for detection and Manchester decoding
purposes.

Beginning with the first zero, 20 bits of zero-one pattern shall be sent for receiver synchronization
and clock recovery.
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Packet Format at Modulator Input

3) The next two bits (zero-one in the incoming pattern) shall both be set to zéro-and form the [Jnscram-
bled 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 CQITT V.29
scrambler plus a differential encoder per 11.3.4.1).

5) A postamble (BEOFD) consisting of a zero followed by 22 ones.shall be added immediately after the
last scrambled data bit (the postamble is not scrambled)_The postamble may be extended to allow
controlled turnoff of the transmitted signal, as shown ih Fig 11-6. ,

6) All bits (unmodified preamble; UMD; scrambled préamble, SFD, and data; and postamble) are
inverted. ' L

7). All bits sent to the RF modulator are differentially encoded: Figure 11-9 shows the appegarance of

- the data before and after the differential encoder. ‘

8) The SQE Test sequence shall be generated:after a successful data transmission by trangmitting a

collision enforcement RF signal with thetiming shown in Fig 11-6.

Because the preamble of the incoming data on Circuit DO is modified, it is assumed that DTEg generate
a inimum length preamble of 47 bits.(The maximum preamble length is allowed to be 62 bits, as|shown in
Fig 11-6.

11.3.4.1.1 Scrambler and Differential Encoding Requirements. The NRZ data shall pe scram-
bled (using a CCITT V.29-type’scrambler). A new seed shall be used by the scrambler for every n¢w packet
presented by the DTE to-the MAU. Figure 11-10 is a diagram of a typical scrambler implementatjon.
he scrambled NRZ data shall be differentially encoded (see Fig 11-11 for a typical implementgtion).
e entire encoding process comprising the scrambling and differential encoding is essentially equiva-
lent to a division‘of the polynomial representing the data to be transmitted by the following polynomial:

)= Lx 1+ x84 x719 4 x28 4 x %

11.3:4.2 Coaxial Cable to AUI Framing Characteristics. The MAU shall demodulate, differentially

- decode, and invert the received RF data signal to recover the scrambled and inverted data stream. Clock

shall be recovered and a replica of the uniiltered and noninverted transmitted data stream sh_zll be cre-

ated. The restored data shall be forced to a logic “one” state whenever no RF data signal is detected. This’
prevents false UMD detection and forces postamble detection when no carrier is present.

The framing information contained in the RF data stream shall be used to reconstruct the received data
so that no more than 6 bits are lost and no more than one bit added to the preamble field, and no bits are
added to or lost from the end of the transmit data. Detection of the UMD in the receive data shall initiate,
after a fixed delay, a locally generated preamble sequence of zero-one pattern. This pattern “fills in” the

- preamble bits altered due to the framing information at the beginning of the packet: the zero-one synchro-
nization and clock recovery sequence, the UMD, and the descrambler synchronization sequence. -
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The MAU shall descramble the received data using a self-synchronizing (CCITT V.29-type) descrambler.
No prior|knowledge of the seed used by the scrambler shall be assumed by the descrambler circuit. The
descrambler shall have valid output no later than 23 bit intervals after the UMD is detected by the
receiver.|An example of a descrambler is shown in Fig 11-12, The differential decoding performed by the
demodulator and the descrambling function are essentially equivalent to multiplying the received polypo-
mial by G(x)‘as defined in the scrambling and differential encoding requirements subsection above.

After th ; POH ‘ ; ive-ddta,
starting w1th the 24th bit after the UMD shall be transferred to the Manchester encoder and therefrom to
the AUL The delay from the detection of the UMD to the beginning of the locally generated zero-one pat-

tern shall be chosen so that no more than 6 bits of preamble are lost, and no more than one bit added, in
transmission from Circuit DO to Clrcult DI

The MAU shall detect the “zero” followed by 22 “ones” (the postamble pattern) and, in conjunction with
the loss of carrier detection in the data band or the presence of a collision enforcement detection signal,

shall ensure that the packet presented to the local DTE has no extraneous bits added by the MAU to the
end of the packet :
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Fig 11-12
Descrambler

~ |The SQE Test signal shall be detected on the RF interface and the SQE signal shall be presented to Cir-
cdit CI of the transmitting MAU, subject to the timing restrictions of 11.3.45:4. If the sighal is not
ohjserved at the RF interface due to failure of any element in the transmitter or'receiver, no SQE signal
mhay be presented to the AUL In the event of a collision enforcement, energy-will appear in the collision
erfforcement band within the ced_window time after energy first appears-in'the data band. Circuit CI shall
be asserted when collision enforcement is first detected and shall 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 less
thian the ced_window time (less than the minimum allowed packetdength) 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 to be a collision when the length of the
transmitted packet is less than the ced_window time and the SQE Test sequence has been transntitted. 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
pdcket format of the receive data at the AUI is identical to that of the transmit data, except that there may
bel one more preamble bit than was sent at the transmit port and up to 6 bits of the preamble lgst. In the
presence of a collision, the receive data isundefined, but shall still be properly Manchester encoded.

11.3.4.4 AUI to Coaxial Cable Delay Characterlstlcs The timing and delays associated 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 transition on Circuit DO at the
exﬂd of a bit to the corresponding phase change of the RF data signal (such bit chosen so that an|RF burst
phase change does exist) shall be no more than 24 bit times. The delay from the first transition ¢n Circuit
DO to the first appearance of RF energy, however, is not specified except asitis determmed by otHer timing
co lstramts

11:3.4.4.2 Circuit DO to CE RF Output Delay. In the event that the MAU begins receiving energy
on| the coax1a1 med1um Just before the DTE presents data to the AUL a colhsmn shall be detected locally, as
of collision

enforcement at the coax1a1 cable mterface in th1s clrcumstance shall. be 32 b1t tlmes maximum.

11.3.4.4.3 Transmit Postamble to SQE Test Signal Delay. The delay from the initial transition of
the first bit of the postamble. (Broadband End of Frame Delimiter) measured at the RF port to the 50%
pomt of the rising edge of the SQE Test signal shall be 35 + 3 bit times.

11.3.4.4.4 SQE Test Signal Length. The SQE Test signal leng'th shall be 30 # 1 bit times as mea-
sured at the 50% pomts of the RF signal.
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11.3.4.5 Coaxial Cable to AUI Delay Characteristics. The MAU receiver timing and delays
described below shall not be exceeded or traded off against any other delays in the system.

11.3.4.5.1 Received RF to Circuit DI Delay. When there is no collision in progress, the delay from
the end of the SFD in the received RF data signal at the coaxial cable interface to the end of the SFD on
Circuit DI, shall be a maximum of 75 bit times (see Fig 11-13). The minimum is not specified, nor is the
delay specified at other locations in the packet. The end of the SFD in the received RF data signal (at the
coaxial cable interface) is defined as the time at which the envelope of the carrier would pass through the
midpoint if the first bit following the SFD was a zero and the scrambler disabled.

: : ' L o UMD e~ END OF SFD
- "1 -
75
MAX ]
CIRCUIT DI 10101011
N + 1 MAX.
N - 6 MIN.
&0
N
160710 £ 5%
MAX

CIRCUIT CI
(ACTIVE ONLY ON TRANSMITTING MAL)

NOTES: 1. TIMES IN BITS
2. N = NUMBER OF PREAMBLE BITS ON CIRCUIT DO

Fig'11-13
No Collision Timing Diagram (Coax to AUI)

11.3.4.5.2 Received RF to CE RF-Output and Circuit CI Delay. In the event that a collision is
detected via the bit-by-bit comparisonthe delay from the end of the bit in which the collision was detected,
as reprgsented by the RF signal, to,the 50% point on the rising edge of the collision enforcement signal
shall n(‘l 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 infer-
face (in both data channel and collision enforcement channel) ceases. See Fig 11-14 and Fig 11-15.

11.3.4.5.3 Collision Enforcement to Circuit CI Delay. In the event of a collision enforcement by
another MAU, the delay from the 50% point on the rising edge of the RF collision enforcement signal to|the
first transition of Circuit CI shall be no more than 31 bit times. Circuit CI shall be active for a minimum of
5 bit tinjes 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.

11.3.4.5.4 Receive Data to SQE Test Delay. If a collision enforcement signal is received after the
ced_window signal becomes inactive (see (9) in 11.2.3.2), or if the MAU has transmitted an SQE Test
sequence, the MAU is to interpret the collision enforcement signal as an SQE Test signal. If the SQE Test
sequence is correctly detected (that is, the test passes), then the delay from the last transition of Circuit DI
to the first transition of Circuit CI shall be at least 6 but not more than 16 bit times. Circuit CI shall
remain active for 10 £ 5 bit times. Only the transmitting MAU shall assert its Circuit CI as a result of suc-
cessful completion of the SQE Test sequence.
If a collision enforcement signal is received before the ced_window signal becomes inactive, the MAU
shall interpret it as a collision enforcement and the timing of 11.3.4.5.3 shall apply.
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Fig 11-14
Collision Timing Diagram (RF Data to RF Collision Enforcement)

RF COLLISION ' ,
ENFORCEMENT , :
CHANNEL e
3

. 31
MAX 'T : MAX-T

CIRCUIT CI

, NOTE: ALL TIMES IN BITS
, Fig 11-15 ‘
Collision Timing Diagram (Coaxial Cable Interface to AUI Circuit CI)

.3 4.6 Delay from Clrcult DO to Clrcult DI. The time delay from a blt on Clrcult DO at the AU
3 ; ; e 1 et delay of the
MAU connected back-to-back w1th 1tself (that is, in RF loopback) plus the round tnp delay through the
cable system at the location of the MAU. Therefore, the delay is a function of the location of the MAU on
the cable system. It is never less than the transmitter delay plus the postamble length plus the time to
detect loss of carrier or presence of the SQE Test signal. See Fig 11-16 for the timing relationship when the
cable has zero length.

When the MAU is transmitting a short packet (less than 576 bits), the timing for Circuit CI durmg the
SQE Test sequence shall be the same as it is for normal length packets. If the MAU transmits a short
packet (less than 576 bits) that encounters a collision and if the SQE Test sequence has not been
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transmitted when the collision is detected by the MAU, then the timing for Circuit CI shall be the same as

it is for any normal collision. .

11.34.7 Interpacket Gap Requirement. The MAU shall be able and ready to transmit data pre-
sented to it by the DTE no later than 90 bit times after the last bit of a received packet was presented by

the MAU at its AUIL
CIRCUIT DO { §
PREAMBLE {SFD DATA
99
MAX
CIRQUIT DI {f
PREAMBLE |SFD|  DATA
{ F
8.0
42"6%» r-ﬂ)i«s-—
MAX
CIRCUIT ¢l
NOTE: TIMES IN BITS
Fig 11-16

11.3.4.8 Bit Error Rate. The MAU shall have a Bit Error Rate (BER) as measured at the AUI lo
than ore error in 108 in a “zero-length coax™ test environment (that is, a-coaxial cable connec
sufficiently short to have negligible delay-and transmission impairments). It shall have this BER
receive pignal levels in the range specified in 11.3.1.1.3 and in the presence of —28.3 dBmV rms/14
white Gaussian noise. This represents a 24.3 dB signal-to-noise ratio for the specified minimum si
level, -4 dBmV rms. For the sameBER in a “system” environment (as opposed to zero-length coax), a 26

11.4 System Considerations

Timing at AUI for Zero-Length Coax

wer
tion
for
Hz

al
dB

11.4.1 Delay Budget and Network Diameter. The delay budget for the broadband MAU and rest of
the Physical Layer is tabulated in Table 11.4-1. This table includes allocations for trunk cables (the back-
bone cables in the system), drop cables (a length of 25 m is assumed), etc. The velocities of propagation
assumed are included in the table; use of other types of cables will alter the system diameter accordingly.
The types of cables, including the mix of drop and trunk cable lengths, can be altered as long as the total

205


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

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

propagation delay from the most distant MAU to the headend does not exceed 70 bit times. The total delay
budget of 576 bit times includes allowance for the preamble and SFD (64 bits).

Table 11.4-1 tabulates delay allocations for a dual-cable system with no headend delay. In translated sin-
gle-cable systems, the headend translator delay reduces the maximum trunk cable distance by [DA2 x
CV)], where D is the delay in nanoseconds, and CV is the cable velocity in nanoseconds per meter. For
3.83 ns/m velocity trunk cable, this reduction is [Delay (ns)/7.66] m.

Table 114-1 ‘
Broadband Dual-Cable Systems—Physical Layer Delay Budget
Maximum
Delay Element ; Allowed Value
(Bits)

DTE]1 starts to put out first bit 0.00

First bit from DTE1 at AUI 300

AUI Cable (50 mat 5.13 ng/m) 2.57

Circuit DO to Tx RF Out 24.00

Tx Drop Cable (25 m at 4.27 ns/m) 1.05

Tx Trunk Cable (1800 m at 3.83 ns/m) 68.95

Rx Trunk Cable (25 m at 4.27 ns/m) 68.95

Rx Drop Cable (25 m at 4.27 ns/m) 1.06

End of Bit Comparison (last bit of source address) 160.00

Rx RF to Collision Enforcement RF Out (from RX bit that is-found to be in 34.00

error to collision enforcement out)

Tx Drop Cable (25 m at 4.27 ns/m) 1.05

“Tx Trunk Cable (1800 m at 3.83 ns/m) 68.95

Rx Trunk Cable (1800 m at 3.83 ns/m) : ' 68.95

Rx Drop Cable (25 m at 4.27 ns/m) 1.05

Rx Collision Enforcement to Circuit Ci 31.00

- AUI Cable (50 m at 5.13 ns/m) ‘ 2.57

DTE1 Detects Collision Presence 3.00

DTE1 Jams Channel 32.00

Allowance for Traps, Splitters{ Amplifiers, and Margin 3.86

Total ‘ 576.00

11.4.2 MAU Operation-with Packets Shorter than 512 Bits. The MAU transmits an SQE Test ‘

sdquence onto the RF-medium after every transmitted packet. If the frame plus preamble and SFD is less
than the ced_window-in length, a receiving MAU cannot distinguish the SQE Test signal from & collision
erfforcement sighal due to a collision. Therefore, operation of the MAU with data frames abgrter than
512 bits may.cause all other receiving MAUs to see a collision. The transmitting MAU, however, recognizes
the SQE Test because that MAU was the one that transmitted the test. An MAU transmitting a short
packet that éncounters a collision can distinguish the resulting collision enforcement from an SQK Test sig-
ngl by the fact that the transmitting MAU will not have transmitted the SQE Test sequence ynless the
packet is shorter than the round trip delay on the cable plant. In the latter instance, the transmitting MAU

may not detect a collision enforcement.

1ns Charactei'istics of the Coaxial Cable System. The cable system upon which the broadband MAU
operates shall meet the following electrical and mechanical requirements.

11.5.1 Electrical Requirements. The electrical requirements of the cable system are listed in Table

. 11.5-1. Each parameter is applicable over the frequency range to be used by the broadband MAU.
Adjacent channel signal levels shall be consistent with the requirements of 11.3.1.1.4.
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Table 11.5-1
Cable System Electrical Requirements
Impedance 75 Q
Return Loss - 14 dB min
Transmit Level +50 dBmV +2 dB
Receive Level - +6dBmV +10dB
Maximum Receive Noise Level 30 dBmV/14 MHz
Loss Variation* (per 18 MHz band) ’ 2 dB min, 52 dB max

.52
standar

11.5.3
round t3
140 bit
allows §
4.27 ns/
fore all
cables o
exceede

Path Loss (between any transmit port and receive 36 dB min, 52 dB max
port, including loss variation)

Group Delay Variation

—around data carrier , 20 ns/10 MHz max
—over 18 MHz band 34 ns max

* Not including headend. -

Mechanical Requirements. The connection of the cable system to the broadband MAU is viia a
l F-series screw-on male connector. For the dual-cable case, two such connectors are required:
for trangmit and the other for receive. : :

one

Delay Requirements. The maximum length of the cable system is constrained by the allow:

rip delay from the farthest transmitting MAU to the farthest receiving MAU. Table 11.4-1 al
fimes round trip delay in the cable system. For trunk cable propagation velocity of 3.83 ns/m, this

600 m of trunk cable (round trip; 1800 m from the ‘farthest point to the headend), and 25
n velocity drop cable at each MAU. In addition, 50 fv of AUI cable is allowed on each MAU, t
ing, in this case, a maximum of 3750 m DTE to DTE separation. These lengths will be differe
different propagation velocity are used. This-is acceptable so long as the maximum delay is
] . e '

hble
WS

of
re-
ht if
not

For single-cable systems, the maximum delay of 140 bit times includes the delay through the head¢nd.

The ma

rfimum cable system length must be reduced appropriately; as described in 11.4.1.

11.6 Frequency Translator Requirements for the Single-Cable Version

1.6.1

Electrical Requireménts. The headend frequency translator performance is included in

cable syptem characteristics gpécified in 11.5, except as defined in Table 11.6-1.

Table 11.6-1
Frequency Translator Requirements

the

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 2 dB max
_ data carrier frequency to 1 MHz above the CE
center frequency)

Translation Frequency per Table 11.3-1

The frequency translator contributes to total cable system delay and shall be labeled by the vendor with
the input-to-output delay in the band of operation. The effect on network length can then be computed per

11.4.1.
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11.6.2 Mechanical Requirements. The input and output mechanical interface shall be 75 Q

LOCAL AND METROPOLITAN AREA NETWORKS:

female F'-

series coaxial connectors. The connection to the broadband medium shall be through a coaxial cable with a
mating male F-series connector.

11.7 Environmental Specifications

-11.7.1 Safety Requirements. This subsection sets forth a number of recommendations and guidelines
related to safety concerns. This list is neither complete nor does it address all possible safety issues. The
designer is urged to consult the relevant local, national, and international safety regulations to assure
compliance with the appropriate standards.
Local area network cable systems, as descnbed in this sectlon, are sub]ect to at 1east four dlrect electrical

of:

safa I
The hazards are as follows

allocal network to perform properly. In addition to provisions for properlyhandling these faults 1
ational system, special measures shall be taken to ensure that the inténded safety features are n
‘when attaching or detaching equipment from the local area network medium of an existing netw

fdllowed in every instance in which such practice is applicablé.

fields, electrostatic discharge, transient voltages between earth connections, etc.

logcal regulatlons for emission levels.

areasonable range of environmental conditions related to temperature, humidity, and physica
sych as shock and vibration. Specific requlrements and values for these parameters are considered to be
béyond the'scope of this standard.

(1) - Direct contact between local network components and power or lighting c1rcu1ts
(2) Static charge buildup on local network cables and components
(3) High-energy transients coupled onto the local network cabling system

e hazards

(4) Potential differences between safety grounds to which various network components are c¢nnected

These electrical safety hazards, to which all similar cabling systems aresubject, should be all

pviated for

n an oper-

pt negated

ork.

Sound installation practice, as defined in applicable national and local codes and regulationp, shall be

11.7.2 Electromagnetic Environment
.7 2.1 Susceptibility Levels. Sources of interféfence from the environment include electr

The physical MAU hardware shall meet its specifications when operating in an ambient plane

(1) 2 V/m from 10 kHz through 30 MHz

(2) 5 V/m from 30 MHz through-1\GHz

MAUSs meeting this section.should provide adequate RF ground return to satisfy the EMC spe

pmagnetic

wave field

bification.

11.7.2.2 Emission Levéls. The phys1cal MAU hardware shall comply with the apphcable national and

11.7.3 Temperature and Humldlty. The MAU and associated cable system are expected to op

erate over
handling
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12. Physical Signaling, Medium Attachment, and Baseband
Medium Specifications, Type 1BASE5

12.1 Introduction

12.1.1 Overview. 1BASES5 is a 1 Mb/s CSMA/CD network based on twisted pair wiring. Each DTE (Data
Termmal Equlpment) is star-connected toa shared hub through two palrs that functlon as transmlt and

back down to all DTEs and lower-level hubs. Packets received by a hub from a higher-level hub ate ret|
mitted|to all attached DTEs and lower-level hubs. If two or more DTEs or lower-level hubs transmit
currently, the hub generates a collision-presence signal that the DTEs detect as a collision, Hubs betw|

d by a
1cket
rans-
con-
pen a

transnitting DTE and the header (highest level) hub propagate data or the collision-presence signal tjo the

headen hub; this hub in turn broadcasts the packet or collision signal to all DTEs and-lower-level hub,

12.1.2 Scope. The 1BASES5 specification builds upon the first six major sections of this standard;

B.

the

remainling major sections (other than this one, of course) do not apply to ABASES5. That is, the Media

" Access|Control (MAC) and Physical Signaling (PLS) Service Specification§-are used in common wit,

h the

other implementations of this standard, but the Physical Medium Attachment (PMA) sublayer, transmis-

sion mledium, and hub functions for Type 1BASE5 are specified in this section. The relationship d
1BASHS5 specification to the OSI Reference Model and the IEEE 802:3 CSMA/CD LAN Model is shox
Fig 1241.

12.1.8 Definitions

bit cell. The time interval used for the transmission of'a single data (CD0 or CD1) or control (CVH or
symbol.

f the
vn in

CVL)

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 ongoing activity of a data station to detect whether anothe

r sta-

tion is transmitting. Note that the signal provided by the PLS to the PMA sublayer indicates that ope or

more OTEs are currently transmitting.

Clocked Data One (CD1). A Manchester encoded data “1.” A CD1 is encoded as a L.O for the first h
the bit|cell and a HIfor 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 h
the bit|{cell'and a LO for the second half of the bit cell.

alf of

alf of

Clocked Violation HI (CVH). A symbol that deliberately violates Manchester encoding rules, used as

part of the Collision Presence signal. A CVH is encoded as a transition from LO to HI at the beginni
the bit cell, HI for the entire bit cell, and a transition from HI to LO at the end of the bit cell.

ng of

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 beginni:
the bit cell, L.O for the entire bit cell, and a transition from LO to HI at the end of the bit cell.

collision. A condition that results from concurrent transmissions on the physical medium.
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0sl IEEE 802.3 CSMA/CD
REFERENCE MODEL  LAN MODEL
i | |
|  HIGHER | { HIGHER I
| LAYERS I LAYERS !
/ Le
SESSION 1 {LOGICAL LINK
,’ CONTROL
‘ /, MAC
/ MEDIA
TIRANSPORT ; NCCESS—
CONTROL

NETWORK

DATA LINK

PHYSICAL

CONNECTION TO
OTHER STATIONS OR
LOWER-LEVEL HUBS "

$
OPTIONAL
CONNECTION TO
HIGHER-LEVEL HUB

Fig 12-1
1BASES5 Relationship to the ISO Open Systems Interconnection (OSI)
. Reference Model and the IEEE 802.3 CSMA/CD LAN Model

Collision Presenee (CP). The non-Manchester signal generated by hubs to report collisions pnd some
erpor conditions; See 12.3.2.4.3 for details.

h¢ader hub)(HH). The highest-level hub in a hierarchy of hubs. The HH broadcasts signals trgnsmitted
tolit 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 condition where no transition occurs on the transmission line. It is used to define the
time between packets. See 12.3.2.4.4 for details.

intermediate hub (IH). A hub that occupies any level below the header hub in a hierarchy of hubs. See
12.2.1 for details.
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’Jabber Funetion. A mechanism for controlling abnormally long transmissions.

special link (SL). A transmission system that replaces the normal medium. See 12.8 for details.

12.1.4 General Characteristics. Type 1BASES has the following general characteristics:

(1)
(2)
(3)

4)

1 Mb/s signaling rate, Manchester encoded

Twisted pair wiring

Point-to-point interconnection of DTEs to hubs, with one twisted pair serving as the upward
the other as the downward link

Data pairs can coexist in the same telephone cable bundles as voice pairs

(5)

(6)

(7)
(8)

©®
. (10)
an

12.1.

When a hub receives signals irom a DIE or lower-level hub, it propagates them to a higher
hub if oné exists; otherwise, the hub broadcasts the signals back down to the DTEs and lower:
hubs

When a hub receives signals concurrently from two or more DTEs or lower-level hubsyit genera
unique collision presence signal, and distributes it as in (5) above

DTE-to-hub and hub-to-hub interfaces are electrically isolated at both ends

Up to five hub levels are allowed

Hubs serve as repeaters

Maximum DTE-to-hub and hub-to-hub distance is approx1mate1y 250 m.fot telephone wiring (g
type dependent; see 12.7)

Special links may be used to extend some DTE-to-hub or hub-to-hub-distances to 4 km

5 Compatibility. This specification calls out one principal compatibility interface, namely P

Medium. It is intended that different implementations of DTES_and hubs be able to interoper

1BASE
12.1.

(1)
2

(&)
@)

(5)
(6)

. 12.2 Ay

12.2,

5 networks.
B Objectives of Type 1BASES5 Specification

Provide for low-cost networks, as related to both.equipment and cabling

Make it possible to use telephone-type building wiring, and in particular spare wiring
available

Provide for easy installability, reconfigurability, and service

Ensure interconnectability of independently developed DTEs and hubs

Ensure fairness of DTE access

Provide a communication channel with a resultant mean bit error rate, at the physical layer s¢
interface, of less than one part'in 108 (on the order of one part in 10° at the link level)

chitecture

L Major Concepts. Type 1BASES5 is a 1 Mb/s CSMA/CD network. DTEs are connected to hubs

1993

link,

level
level

tes a

able-

-to-
e in

when

rvice

(and

hubs t¢ other hubs) by point-to-point wiring, resulting in a star topology network. Data transmissions are
pster encoded/
ementary-configuration is illustrated in Fig 12-2. In this instance, each DTE is connected to the¢
arate transmit and receive channels (normally two twisted pairs). The hub serves as the po
tration~and performs two major functions: signal regeneration/retiming (repeating) and colli

Manch|

Ane
via sep
concen
detecti

phase di

I, When only one DTE transmlts, the hub repeats the s1gna1s compensatmg for amphtud

hub
nt of
ision
and

rently, the hub generates a unique Colhsmn Presence (CP) s1gnal whlch it broadcasts 1nstead of the origi-
nally transmitted signals. The hub continues to send CP until it receives IDL from all lower-level DTEs.
CP has the property that it can be detected by DTEs as a Manchester code violation.

The interconnection architecture does not imply any minimum, typical, or maximum number of DTEs to
be connected to a given hub; this is an implementation or installation detail.

Up to five levels of hubs may be cascaded. A two-level configuration is illustrated in Fig 12-3, with a head-
er hub (HH) and intermediate hubs (IH). There can be a number of IHs; there must be one and only one HH.
Each DTE or IH is connected to a hub via separate transmit and receive channels (normally two twisted
pairs). An IH propagates signals from its DTEs toward the HH; it sends CP toward the HH in the event of
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HUB
DTEs

Fig 12-2

Single Hub Network

HEADER HUB

DTEs
INTERMEDIATE INTERMEDIATE
"HuB HUB

A

DTEs

Fig 12-3 ,
Network with Two Levels of Hubs

ac . C epea enals recerves-{re sor 1L ack 1 all T and IHs. The
HH generates CP if more than one of its inputs becomes active. The IHs repeat the signals received from
the HH, and broadcast to all the connected DTEs’ receivers. Hubs do not distinguish whether input signals
along the upward path emanate from DTEs or lower-level IHs. If a single input is active, the hub repeats
the signal regardless of its source; if more than one is active, it generates CP. :

A configuration involving four hub levels and a special link is illustrated in Fig 12-4. In this example, one
IH is used for simple repeating (one connection upward and one connection downward). Other than having
one link in and one link out, repeaters are identical to other hubs. Special links are connections, possibly
containing active devices, that are used for situations requiring extra propagation delay or special transmis-
sion media. '

e
> 1U

A
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HEADER HUB

INTERMEDIATE
HUB

DTEs

\
\
\

INTERMEDIATE
HUB

LINK

\
\
‘l\ SPECIAL
\
\

\

12.2.
office

1105

DTEs

Jai

INTERMEDIATE
HUB

INTERMEDIATE
HUB

[ENTERMEDIATE

INTERMEDIATE | | INTERMEDIATE | |INTERMEDIATE
HUB HUB HUB HUB
DTEs DTEs DTEs DTEs

Fig 12-4

Network with Four Levels of Hubs

cases, §pare wiring contained in existing telephone wire bundles will be used.

12.2.8 Packet Structure. Packets are transmitted from the PLS to the PMA as follows;

<silehce> <preamble> <sfd> <data> <etd> <silence>

The packet elements shall have the following characteristics:

Elenient

Characteristics

Application Perspective! The primary application area for type 1BASES5 is expected to be in
vironments for networking* DTEs such as personal computers or other workstations. In many

<silence>
<preamble>
" <sfd>
<data>
<etd>

No transitions

Alternating CD1 and CDO for 256 bit times (ending in CDO0)
CD1 CDO0 CD1 CD0 CD1 CD0 CD1 CD1
8 x N instances of CDO or CD1

First part of IDL

12.2.3.1 Silence. The <silence> delimiter provides an observation window for an unspecified period of
time during which no transitions occur. The minimum duration of <etd> followed by <silence> is the
interFrameGap defined in 4.4.2.2,

213


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

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

12.2.3.2 Preamble. The <preamble> delimiter begins a packet transmission and provides a signal for
receiver synchronization. The signal shall be an alternating pattern of CD1 and CDO. This pattern shall be
transmitted by the DTE for a minimum of 56 bit times at the beginning of each packet. The last bit of the
preamble (that is, the final bit of preamble before the start-of-frame delimiter) shall be a CDO.

The DTE is required to supply at least 56 bits of preamble in order to satisfy system requirements. System
components consume preamble bits in order to perform their functions. The number of preamble bits
sourced ensures an adequate number of bits are provided to each system component to correctly implement
its function.

12.2.8.3 Start-of-Frame Delimiter. The <sfd> indicates the start of a frame, and follows the
preamble.

12.2.3.4 Data. The <data> in a transmission shall be in multiples of eight (8) encoded data bits (CDOs
anfl CD1s).

12.2.3.5 End-of-Transmission Delimiter. The <etd> indicates the end of a transmission and serves
to turn off the transmitter. The signal shall be the first part of an IDL.

12/3 DTE Physical Signaling (PLS) Specification

12.3.1 Overview. This section defines logical characteristics of the DTE\PLS sublayer for IBABE5. The
relptionship of this specification to the entire standard is shown in Fig12-5. The sublayer and its|relation-
shlp to the MAC and PMA sublayers are described in an abstract ‘way and do not imply any particular
implementation..

12.3.1.1 Summary of Major Concepts

(1) There are two channels between the PLS and PMA sublayers. Output data are passed through the
output channel and input data and control (CP)-are passed through the input channel.
() Each direction of data transfer through the PLS operates independently and simultaneoysly (that
is, the PLS is full duplex).

12.3.1.2 Application Perspective. The DTE PLS sublayer performs the following functions

()  Encodes OUTPUT_UNITs from the MAC sublayer into a Manchester encoded waveform that it
sends to the PMA sublayer output circuit
®) Decodes a Manchester ¢ncoded waveform from the PMA sublayer 1nput circuit into INPUT] UNITS,
CARRIER_STATUS;-and SIGNAL_STATUS

12.3.2 Functional Specification. This section provides a detailed model for the DTE PLS sublayer.
Many of the terms§-used in this section are specific to the interface between this sublayer and the MAC
sublayer. These térms are defined in the service specification for the PLS sublayer (see 6.3).

12.3.2.1 PLS-PMA Interface. The PLS and PMA communicate by means of the following megsages:

Message Meaning Source
- dutput Output information PLS

output_idle No data to be output PLS

input Input information ’ PMA

input_idle No input information PMA

12.3.2.1.1 output Message. The PLS sublayer sends an output message to the PMA sublayer when

the PLS sublayer receives an OUTPUT_UNIT from the MAC sublayer.
The physical realization of the output message is a CDO or a CD1 sent by the PLS to the PMA. The PLS
sends a CDO if the QUTPUT_UNIT is a ZERO or a CD1 if the OUTPUT _UNIT is a ONE. This message is
time-coded. That is, once this message has been sent, the function is not completed until one bit time later.
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Fig 12-5
Station Physical Signaling, Relationship to the ISO OSI Reference Model
and the IEEE 802.3 CSMA/CD LAN Model

The ouﬁut message cannot be sent again until the bit cell being sent as a result of sending the previious
output messageis complete.

layer at all times When the MAC sublayer is not in the process of transferrmg output data across the MAC
to PLS interface. The output_idle message is no longer sent (and the first OUTPUT_UNIT is sent using the
output message) when the first OUTPUT_UNIT of a packet is received from the MAC sublayer. The out-
put_idle message is again sent to the PMA when DATA_COMPLETE is received from the MAC sublayer.

The physical realization of the output_idle message is IDL sent by the PLS to the PMA.

12.3.2.1.3 input Message. The PMA sublayer sends an input message to the PLS sublayer when the
PMA has received a bit from the medium and is prepared to transfer this bit to the PLS.
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The physical realization of the input message consists of data units, CDO, CD1, CVL, or CVH, derived
from the incoming data stream. If ambiguity exists due to excessive noise or jitter, the PMA may send an
arbitrary combination of these. '

12.3.2.1.4 input_idle Message. The PMA sublayer sends an input_idle message to the PLS sub-
layer when the PMA sublayer does not have data to send to the PLS sublayer. This condition exists when
carrier is lost or IDL is received.

12.3.2.2 PLS-MAC Interface. The PLS and MAC communicate by means of the following messages:

Message Meaning Source
QUTPUT_UNIT Data sent to the PMA MAC
QUTPUT_STATUS Response to QUTPUT_UNIT PLS
INPUT_UNIT Data received from the PMA ‘ PLS
CARRIER_STATUS  Indication of input activity : - PLS
SIGNAL_STATUS Indication of error/no error condition PLS

12.3.2.2.1 OUTPUT_UNIT. The MAC sublayer sends the PLS sublayer an OUTPUT _UNIT every
time 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 received’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 CP1 to the PMA sublayer, a ZERO if a CDO is desired, or a DATA_COMPLETE if an IDL is desired.

12.3.2.2.2 OUTPUT_STATUS. The PLS sublayer sends the MAC sublayer an OUTPUT_STATUS in
response to every OUTPUT_UNIT received by: the PLS<{sublayer. OUTPUT_STATUS sent is an
OUTPUT_NEXT when the PLS sublayer is ready to accept the next OUTPUT_UNIT from the
layar. (The purpose of OUTPUT_STATUS is to synchronize the MAC sublayer data output with the data
ratq of the physical medium.)

the |PLS receives an input message from the PMA sublayer. The INPUT_UNIT is a ONE if the
laydr receives a CD1 from the PMA sublayer-or a ZERO if the PLS sublayer receives a CDO from
sublayer. The INPUT_UNIT may be either ZERO or ONE if the PLS sublayer receives a CVL or C
the [PMA sublayer.

12.3.2.2.4 CARRIER_STATUS. The PLS sublayer sends the MAC sublayer CARRIER_$TATUS
whenever there is a change-in carrier status, as detected by the PMA. The PLS sublayer sends
CARRIER_ON when it reeeives an input message from the PMA and the previous CARRIER_STAT/US that
the [PLS sublayer sent to-the MAC sublayer was CARRIER_OFF. The PLS sublayer sends CARRIER_OFF
whdn it receives an input_idle message from the PMA sublayer, and the previous CARRIER_STATUS that
the [PLS sublayer sent to the MAC sublayer was CARRIER_ON.

12.3.22.5 SIGNAL_STATUS. The PLS sublayer sends the MAC sublayer SIGNAL_STATUS when-

ever it detécts the beginning or end of Collision Presence. The PLS sublayer sends SIGNAL_ERRJR when
it receives input message CVL or CVH from the PMA sublayer and the previous SIGNAL_STATUS the
PLS sublayer sent was NO_SIGNAL_ERROR. The PLS sublayer sends NO_SIGNAL:ERROR [when it
receives an inpui_tdle message irom the PMA sublayer and the previous SIGNAL_STATUS that the PLS
sent to the MAC sublayer was SIGNAL_ERROR. The PLS shall send SIGNAL_ERROR to the MAC sub-
layer when the Collision Presence pattern is detected; it may send SIGNAL_ERROR any time it receives
an input message that is neither CDO nor CD1.

12.3.2.3 PLS Functions. The PLS sublayer functions consist of four simultaneous and asynchronous
functions. These functions are Output, Input, Error Sense, and Carrier Sense. All of the four functions are
started immediately following PowerOn. These functions are depicted in the state diagrams shown in
Fig 12-6 through Fig 12-9, using the notation described in 1.2.1.
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OUTPUT__UNIT)
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* QUTPUT__NEXT
* output

DAYA__COMPLETE

(1) Inter Process Flags

disaple_SIGNAL_ERROR

protectTimer

Fig 12-6

DTE PLS Output Function

12.3.2.3.1 State Diagram Variables. The variables used in the state diagrams and the correspond-
ing depcriptions are the following:

Used in the state diagrams and functions. It is used by the Input Func-
tion to prevent false collision detection by the Error Sense Function dur-
ing preamble startup. '
Used by the Carrier Sense Function to implement the protection period
described in 12.5.3.2.3. It is started by “start-protectTimer.”
“protectTimer_done” is satisfied when the timer has expired.

12.3.2.3.2 Outpilt Function. The Output Function transparently performs the task of data transfer

from the MAC sublayer to the PMA sublayer. The state diagram of Fig 12-6 depicts the Output Function

operatjion.

12:3.2.3.3 Input Function. The Input Function transparently performs the task of data transfer

from the_PMA sublayer to the MAC sublayer. The state diagram of Fig 12-7 depicts the Input Function

operation.

12.3.2.3.4 Error Sense Function. The: Error Sense Function performs the task of sending
SIGNAL_STATUS to the MAC sublayer at the beginning and end of the Collision Presence pattern. The

state diagram of Fig 12-8 depicts the Error Sense Function operation.

12.3.2.3.5 Carrier Sense Function. The Carrier Sense Function performs the task of sending'
CARRIER_STATUS to the MAC sublayer whenever the input becomes active or idle, as detected by the
PMA sublayer. The state diagram of Fig 12-9 depicts the Carrier Sense Function operation.
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PowerOn

L

BIT BUCKET

Input_idle
INPUT IDLE  ——emr

CARRIER_ON
CARRIER_OFF
DISCARD TRASH
o disable__SIGNAL_ERROR
» [Discard up to the first 10
bit-cells received.}
Input
i INPUT DATA
o INPUT_UNIT
UCTLT
Input
INPUT HOLD
CARRIER__OFF
. Fig 12-7
DTE PLS Input Function
Piw{erOn
L C hiq_ ERROH_ NO ERROR HOLD
ucr
o NO__SIGNAL__ERROR
4 ((input=CVH) + (input=CVL))
*disable__SIGNAL.._ERROR '
input__idie ‘ v
ERROR HOLD ~__ ERROR

- UCT » SIGNAL__ERROR

Fig 12-8
DTE PLS Error Sense Function
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Fig 12-9
DTE PLS Carrier Sense Function

A timer may be used by the Carrier Sense Function to implement:the protection period descr?)ed in
12.5.3.2.3. Tt is started by “start-protectTimer” and asserts “protéctTimer_done” after O to 30 ug since
starting. ‘

12.8.2.4 Signal Encoding. Five distinct symbols can.be transmitted on the line: CD0, CD1| CVL,
CVH,| and IDL. Of these, CVL and CVH are transmitted only as part of the collision presence regorting
pattern CP.

12.3.2.4.1 Data Transmission Rate. The data transmission rate (BR) is 1 Mb/s + 0.01%. A bit time
(BT 1s therefore nominally 1 us.

12.3.2.4.2 Data Symbol Encoding/ Manchester encoding is used for the transmission of p
Manchester encoding is a binary signaling mechanism that combines data and clock into bit cells. Each bit
cell ig split into two. halves with the second half containing the binary inverse of the first half; a tr
alwayjs occurs in the middle of each bit cell, During the first half of the bit cell, the encoded signal is the log-

the uncomplemented valueof the bit being encoded. Thus, a CDO is encoded as a bit cell in which the first
half ig HI and the second-half is LO. A CD1 is encoded as a bit cell in which the first halfis LO and the sec-
ond hialf is HI. Examples of Manchester waveforms are shown in Fig 12-10. The zero crossings of an ideal
Manchester waveform’ occur on precise half-bit-cell boundaries. The zero crossings of real waveforms may
include timing jitteér that causes deviation from these “idealized zero crossings.”

12.3:2.4.3 Collision Presence Encoding. Two signals, CVL and CVH, that are transmitted gnly as
part qf the collision presence reporting pattern, CP, violate the normal Manchester encoding rule requiring
a transition in the middle of each symbol. A CVH is encoded as a transition from LO to HI at the beginning
of the bit cell, HI for the entire bit cell, and transition from HI to LO at the end of the bit cell. A CVL is
encoded as a transition from HI to LO at the beginning of the bit cell, LO for the entire bit cell, and transi-
tion from LO to HI at the end of the bit cell.

The Collision Presence reporting signal, CP, is a special sequence that differs from any legitimate
Manchester-encoded signal. CP is encoded as a repeating sequence of 1 bit time LO, 1/2 bit time HI, 1 bit
time LO, 1 bit time HI, 1/2 bit time LO, and 1 bit time HI. This may also be interpreted as repetitions of the
five-symbol sequence CVL, CD0, CD1, CD0, CVH. Should a transmitter’s or receiver’s timing be shifted by
1/2 bit time, then the same sequence will be interpretable as repetitions of CD1, CVL, CVH, CD1, CDO. In
either case, the presence of non-Manchester symbols distinguishes the sequence from data. Examples of
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ONE BIT TIME
—] f———

I R T R R

|l ol ol ol ol ol olfo
ENCODED WAVEFORM — CONSTANT “CDO”

1 b1 1 1 1 1 1
ENCODED WAVEFORM — CONSTANT “CD1"

a—
I1|°|1I0|1|v0|1

ENCODED WAVEFORM — ALTERNATING
“CDO," nCD1n .

| o o | 1 1 1 o1 0
ENCODED WAVEFORM — RANDOM DATA

Fig 12-10
Examples of Manchestér Waveforms

Collikion Presence waveforms are shown in Fig 12-11. See 12.3.2.2.5 and 12.4.3.2 for further detailg on the
dete¢tion and generation of CP.

NOITE: CP is the minimal length sequence that meets the following design criteria:

(1)| The sequence should not look like legitimate Manchester-encoded data even if the receiver does not lock onto the correct bit-
cell boundaries. ‘ ;

(2)| The sequence should maintain overall de balance. That is, it should be HI 50% of the time and LO the other 50%.
(8)| The signal should occupy the same part of the frequency spectrum as normal data. That is, transitions should occur gvery half
or whole bit time so that the fundamental signaling frequencies of BR/2 and BR are maintained. Furthermore, allowling more
than one bit time to pass without a transition would introduce ambiguity with the idle line condition (IDL).

ONE BIT TIME

Fig 12-11
Examples of Collision Presence Waveforms
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12.3.2.4.4 Idle Line Encoding. The line condition IDL is also used as an encoded signal. An IDL
always starts with a HI signal level. Since IDL always starts with a HI signal, an additional transition will
be added to the data stream if the last bit sent was a zero. This transition cannot be confused with clocked
data (CDO or CD1) since the transition will occur at the start of a bit cell. There will be no transition in the
middle of the bit cell. The HI signal level, as sent by a transmitter, shall be maintained for a minimum of

2 bit times.

12.4 Hub Specification

124.1 Overview. This section defines the logical characteristics of the hub used in 1BASES. The rela-

tionsh

ip of this specification to the entire standard is shown in Fig 12-12.
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Fig 12-12
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124.1.1 Summary of Major Concepts

oy
2

This PMA is not required for the header hub.

3

DTE or a lower-level hub.

221

A hub consists of a Hub PLS sublayer and a number of instances of the PMA sublayer.
One instance of the PMA sublayer, the “upper PMA,” provides a connection to a higher-level hub.

Each of the remaining instances of the PMA sublayer, called “port PMAs,” provides a connection to a
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(4) The Hub PLS transfers data in two directions: upward from the port PMAs, to the upper PMA and
downward from the upper PMA to the port PMAs.
(5) The upward and downward “sides” of the hub operate independently and simultaneously.

12.4.1.2 Application Perspective. The hub is a physical layer entity that performs two functions: -

(1) It retransmits incoming signals with amplitude and timing restored. ;
(2) It detects collisions between any two or more ports and reports knowledge of the collision by trans-
mitting a special collision presence reporting pattern.

12.4.2 Hub Structure. Each hub is functionally divided into two parts: the upward side and the down-
warfl side. The upward side is responsible for combining the transmissions from DTEs and hubs lower in
the hetwork into a single transmission to the next level up. The downward side is responsible for,distribut-
ing the combined signal (which is wrapped around from the upward side of the header hub)\te’eadh of the
DTEs and hubs below. Except as specified in 12.4.3.2.3 and 12.4.2.6, the two sides function-independently.
ere is an upward input channel and a corresponding downward output channel for each DTE or hub
immediately below the hub. Although there is no electrical connection between the two-lines, they do share
a copnector and cable (see 12.6 and 12.7) and are collectively known as a hub port) Each port is gecessed
through an instance of the PMA sublayer referred to as a “port PMA.”

e one output channel from the upward side and the one input channel to.the downward side ¢of a hub
are pimilarly paired and, for all but the header hub, are connected to a port of the next-higher-leyel hub,
They are accessed through an instance of the PMA sublayer referred to‘as‘the “upper PMA.”

NOTE: A hub that includes n hub ports should be called an n-port hub, even thouglrit may have an extra jack for the upper PMA. The
lattex connection should never be counted as a port, despite common engineering.Usage, because it does not meet the specific defini-
tion ¢f a 10BASES hub port given above.

12.4.2.1 Upward Side. The primary function of the upward side of a hub is to propagate signals from
each of its inputs to its single output. If more than one nput is active, then the Collision Presence signal
CP is transmitted instead. In addition, the signals are retimed to restore the transitions to half-bit-time
boundaries; see 12.4.3.2.5 for the details of retiming.

12.4.2.2 Downward Side. The primary function of the downward side of a hub is to repeat|signals
from its one input to each of its outputs. In‘addition, the signals are retimed to restore the transitions to
halfibit-time boundaries; see 12.4.3.2.5.for; the details of retiming.

12.4.3 Hub PLS Functional Specification. This section provides a detailed model for the Hub PLS
sublpyer.

12.4.3.1 Hub PLS to PMA Interface. The interface between the Hub PLS and the PMA is the same
as that specified in 12.3:2:1 for use between the DTE PLS and the PMA except that the output message
from the Hub PLS tothe PMA is used to transmit CVL and CVH in addition to CD0 and CD1.

12.4.3.2 Hub{PLS Functions. The Hub PLS sublayer functions consist of three asynchronoys func-
tiong. These functions -are Upward Transfer, Jabber, and Downward Transfer. All three functipns are
started immediately following PowerOn; an independent copy of the Jabber function is started for each
port|PMA\These functions are depicted in the state diagrams shown in Fig 12-13 through Fig 12-15, using
the 1|1otation described in 1.2.1.

12.4.3.2.1 State Diagram Variables. The variables used in the state diagrams and the correspond-
ing descriptions are the following: ‘

(1) Port Designators: Instances of the PMA sublayer are referred to by index. PMA information is
obtained by replacing the X in the desired function with the index of the PMA of interest. Further-
more, PMAs may be referenced by several special designators used as indices:

X Generic port PMA designator. When X is used in a state diagram its value
: indicates the particular instance of a generic function. ,
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Indicates the upper PMA.

Indicates that all port PMAs are to be considered. All port PMAs must meet
a test condition in order for that test to pass.

Indicates that all port PMAs that are not disabled by the Jabber Function
are to be considered. All such port PMAs must meet a test condition in order

~ for that test to pass.

Indicates that all port PMAs that are not disabled by the Jabber Function
are to be considered. One, but not more than one, such port PMA must meet
a test condition in order for that test to pass. ‘

>ONEPORT

(2) | Port Functions:

PORT(TestCondition)

(3) | Input Variables:

INRUT(X)

input(X)

probation_alternative

(4) | Output Variables:

output(X)

output_idle(X)

(5) | Inter-Process Flags:

send “collision

Indicates that all port PMAs that are not disabled by the Jabber FuInction
are to be considered. Two or more such port PMAs must meet)atest [condi-
tion in order for that test to pass.

Defined by the PORT function on exiting from the UPWARD IDLE state of
Fig 12-13. It indicates which port PMA caused the exit-from the UPWARD
IDLE state.

Returns the index of a port PMA passing theindicated test condition. If mul-
tiple port PMAs meet the test condition] the PORT function will return one
and only one of the acceptable values;

Indicates the state of activity on the designated PMA input channel. It may
be either “idle” or “active:” The former indicates that input_idle is asserted;
the latter indicates that, it is not asserted.

Used to receive an‘\input message (see 12.3.2.1) from the designated PMA
input channel.

Used to distinguish between the two allowed alternatives for exiting the
JABBER.JAM state of Fig 12-14 when an active port becomes idl¢. The
implementor of a hub may treat the variable as either true or false.

Used to send an output message (see 12.3.2.1 and 12.4.3.1) to the designated
PMA output channel.

Used to send an output_idle message (see 12.3.2.1) on the designated PMA
output channel.

Used by the Upward Signal Transfer Function to indicate a series of ¢utput

jabber_collision

disable_input(X)

messages to the upper PMA sublayer, the effect of which is to transmit the

~ CP signal, as described in 12.3.2.4.2, 12.3.2.4.3, and 12.4.3.2.7.

Used by the various instances of the Jabber Function to signal the Upward
Signal Transfer Function that CP should be generated.

"Used to disable the designated PMA input channel. The input is re-enabled

when disable-input(X) is no longer asserted. Only the Upward Signal Trans-

- fer Function is affected by the disabling of a port (via the ALLENABLED-

PORTS, ONEPORT, and >ONEPORT designators).
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jabberTimel Used by the Jabber Function (see 12.4.3.2.3) to detect excessively long trans-
missions. It is started by “start_jabberTimel.” “jabberTimel_done” is satis-
fied when the timer has expired.

jabberTime2 Used by the Jabber Function (see 12.4.3.2.3) to determine when to disable
ports due to excessively long transmissions. It is started by
“start_jabberTime2.” “jabberTime2_done” is satisfied when the timer has
expired. ‘

12.4.3.2.2 Upward Signal Transfer Function. The Upward Signal Transfer Function combines
signals from the various port inputs and passes them on to the upper output. It also detects and reports
collidions as appropriate. The state diagram of I'ig 12-13 depicts its operation:

PowerOn
K
UPWARD IDLE

¢ output__idle (UPPER)

INPUT(ONEPORT)=active INPUT(>ONEPQRT)=active
:[N<=PORT(INPUT =active)]

UPWARD ACTIVE

" e output{UPPER)=input(N)

INPUT(N)=idle INPUT(>ONEPORT) = active
*Jabber__collision + jabber__collision

UPWARD COLLISION

o e G, e iy ey s WS e v —— — o

¢ send__collision

INPUT(ALLENABLEDPORTS) = idle
*jabber—cotlision

Fig 12-13
Hub PLS Upward Transfer Function

Signals dare'propagated upward according to the following rules, except as controlled by the Jabber Func-
tion [(se€ 12.4.3.2.3):

(1) IfIDL is present on all port inputs, then transmit IDL.

(2) IfIDL is present on all but one of the port inputs, then repeat the signal received from that one line.
If that one signal is CP, then a hub may generate its own CP signal instead of repeating the received
CP gignal.

(3) If two or more inputs are active (non-IDL) at the same time, then transmit CP and continue trans-
mitting CP until all inputs indicate IDL again.

Whenever the hub finishes transmitting CP, it shall then transmit IDL, including the extended HI
period.
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12.4.3.2.3 Jabber Function. The Jabber Function detects abnormally long transmissions and takes
appropriate action to abort them. The state diagram of Fig 12-14 depicts its operation.

PowerOn

i 3

JABBER IDLE

——— . Y —— —— — - —— ———

INPUT(X)=active I

JABBER WATCH

o start__jabberTime1
* start__jabberTime2

INPUT(X)=idle

probation_alternative
“INPUT(X)=idle

JABBER JAM

® jabber__collision

1jabberTime1_done'INPUT(X)=active

l((jabbeﬂ' ime2

JABBER SHUTOFF

——— ————— — — — — ——— —

e disable__input(X)

INPUT(X)=active*INPUT(UPPER)=active T

JABBER PROBATION

¢ disable__input(X)

__done+INPUT(UPPER)=idle)
*INPUT(X)=active)
+(probationQalternative'INPUT(X)=idle)

l INPUT(X)=idle

INPUT(X)=active"INPUT(UPPER) =idle

Fig 12-14

Hub PLS Jabber Function for Port X

Two [timers_are used by the Jabber Function. They may be implemented either as local timers for] each
instante of the Jabber Function or as global timers shared by all instances. Furthermore, because the two

timers|are always started concurrently, an 1mplementat10n may share mrcmtry between the two.

The §

since

starting. If 1mplemented as a smgle global tlmer assertlon of start _JabberTlmel by any instance of the
Jabber Function with any other instance(s) still waiting for that timer shall not restart the timer, thereby
shortening the waiting period for the latest instance.

Similarly, the second timer is started by “start_jabberTime2” and asserts “jabberTime2_done” after 51 to
100 ms since starting. If implemented as a single global timer, assertion of start_jabberTime2 by any
instance of the Jabber Function with any other instance(s) still waiting for that timer shall not restart the
timer, thereby shortening the waiting period for the latest instance. Furthermore, if this second timer is
implemented as a single global timer, then assertion of start_jabberTimel by any instance of the Jabber
Function with any other instance(s) still waiting for just the second timer (in the JABBER JAM state) shall
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be treated as if the first timer expires immediately (asserting jabberTimel. done) for the latest instance,
thereby causing that instance to join the other instance(s) waiting for the second timer.

Hardware within the upward side of a hub shall provide a window of 25 to 50 ms, during which time a
normal packet or CP sequence may be propagated upward. If any port input (or, as an alternative imple-
mentation, the hub’s combined upward signal) exceeds this duration without becoming idle, then the hub
shall switch to transmitting CP until 51 to 100 ms after the beginning of the window and then, if that input
is still active, disable that input (or all nonidle inputs) until it once again becomes active while the down-
ward side is idle.

The “probation_alternative” input variable is used to dlstlngulsh between the two allowed alternatives
for exiting the JABBER JAM state of Fig 12-14 when an active port becomes idle. The implementor of a
hub may treat the Vanable as either true or false If true, the port will enter the JABBER PROBATION

alse; w 2 e BLE state.

12.4.3.2.4 Downward Signal Transfer Function. The Downward Signal Functionrepedts signals
from the upper input to the various port outputs. The state diagram of Fig 12-15 depicts itsoperation.

PowerOn -

'}

DOWNWARD IDLE

* output__idle(ALLPORTS)

INPUT(UPPER)=active

DOWNWARD ACTIVE

* OUtPUALLPORTS) = input{UPPER)

INPUT(UPPER)=idie

Fig 12-15
Hub PLS Downward Transfer Function

The downward side of a hub may detect the Collision Presence signal at the upper input and generate its
own CP signal to betransmitted at the port outputs (in place of repeating the received CP signal).

enever the hub finishes transmitting CP, it shall then transmit IDL, including the extpnded HI
pefriod.

12.4.3.2.5 Retiming (Jitter Removal). Each side of each hub shall retime any clocked signals that
it propagates so that the transitions occur on half-bit-time boundaries, thereby avoiding accumpulation of
ive ji imi \ yols ‘being

propagated.

If an ambiguity exists in the incoming bit cells due to excessive noise or jitter, than the appropriate side
of the hub may either switch to generating CP or replace the erroneous bit cell with an arbitrary combina-
tion of half or whole bit cells:

-Retiming also accounts for differences (if any) in clock rates between that used to send bit cells to the hub
and that used to send them out from the hub. Excessive differences in clock rates (caused by clocks not
meeting 12.3.2.4.1) and excessively long packets (caused by exceeding maxFrameSize) may each cause the
capacity of the retiming function to be exceeded. In such circumstances, the appropriate side of the hub
may either switch to transmitting CP or add or delete half or whole bit cells as needed.
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Whenever bit cells are added, deleted, or replaced, the hub shall maintain synchronization of the outgo-
ing bit cells to a half or whole bit cell boundary. Furthermore, it shall not generate periods of more than one
bit time without a transition.

12.4.3.2.6 Header Hub Wrap-Around. For each particular network configuration, one hub oper-
ates as the header hub and all others as intermediate hubs. It is suggested, but not required, that hub
implementations be capable of being used for either purpose. Methods for switching between these two
modes are beyond the scope of this standard.

For an intermediate hub, the upper output shall be connected to a port input of the next higher-level hub
and the upper input shall be connected to a port output of a higher-level hub.

For the header hub, the upper output shall be connected to the upper input. This wraparound may
appropfiately bypass parts of the PMA specification so long as the resulting implementation is functionally
equivalgnt to one with a wired connection. For example, signals internal to the hub need not be translated
to the corresponding external levels and then translated back to internal levels. Similarly, it ghall ngt be
necessary to retime the wrapped signal twice, once in the upward side and then again in the.down ard
side of the same header hub; a single retiming is permissible.

12.4.3.2.7 Collision Presence Startup. When a hub starts generating CP (as $pecified in 12.4.3.2.2
through 12.4.3.2.5) it shall synchronize the startup to a half or whole bit-cell boundary of any immedigtely
preceding signal. If it was sending IDL immediately before the CP, no synchronization or preamble is
requirefl.

A hub may start transmission of CP at any point in the sequence that dees’not result in periods of more
than onie bit time without a transition during the switch from passing on data to sending CP. Depending on
the pre¢eding signal, it may start with LO10H, 010HL, 10HL0, 0HLO01, or HL010. Because startup may be
synchrgnized to any half-bit-cell boundary, a hub may also transmit.the shifted version of CP starting with
1LH10,(LH101, H101L, 101LH, or 01LH1.

12.4.3.3 Reliability. Hubs shall be designed to provide a mean time between failure (MTBF) ¢f at
least 48 000 hours of operation. Hubs, including the asso¢iated connectors and other passive compongnts,
should be designed to minimize the probability that, a\particular failure results in total network failure.
Furthenmore, the port electronics of each hub shouldbe designed so as to minimize the probability that the
failure of one port prevents communication by equipment attached to the other ports.

12.5 Physical Medium Attachment (PMA) Specification

12.5.1 Overview. This section defines the Physical Medium Attachment (PMA) sublayer for 1BASES.
The relationship of this specification-to the entire standard is shown in Fig 12-16. The PMA sublayer icon-
nects the PLS sublayer to the Medium Dependent Interface (MDI).

12.5.2 PLS-PMA Interface. The interface between the PLS and the PMA sublayers is specified in
12.3.2.1 for DTEs and in-12:4.3.1 for hubs.

12.5.3 Signal Characteristics

12.5.3.1 Transmitter Characteristics. Transmitters should operate properly when loaded with|any
cable eeting’the requirements of 12 7. To approximate the boundary conditions of such loading, two [spe-

e—“hean

Fig 12-18. It is expected that transmltters that perform correctly w1th these two loads will also perform
acceptably under intermediate loading conditions.

12.5.3.1.1 Differential Output Voltage. For simplicity of explanation, the text and figures of this
section describe the differential output voltage in terms of voltage magnitudes. The requirements of this
section apply to the negative pulses as well as the positive ones.
Beginning with the second bit of the preamble (or CP, if no preamble is present), pulses of duration BT/2
shall meet the conditions of Fig 12-19. Pulses of duration BT shall meet the conditions of Fig 12-20. After
the zero-crossing, the output shall exceed the voltage of a signal rising from the zero-crossing to 2.0 V with
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Fig 1216

Physical Medium Attachment, Relationship to the OSI Reference Model
and the IEEE 802.3'CSMA/CD LAN Model

15 @

Fig 12-17
Simulated Light Load

a sgope of magnitude 20 mV/ns. The output shall remain above 2.0 V until 100 ns before the next, zero-

crogsing. The peak output voltage shall not exceed 3.65 V. While falling from 2.0 V to the zero-crosping, the
signal shall exceed the voltage of a s1gnmmzﬂm-ﬂmwmmsmgwith-rﬂvpeﬁm'ﬁgnitude
20 mV/ns. A ‘ :

For pulses of duration BT, the average voltage that appears from 100 ns after the zero-crossing through
BT/2 shall be between 0.95 and 1.8 times the average voltage that appears from time BT/2 through 100 ns
before the following zero-crossing. Similarly, for pulses of duration BT, the peak voltage that appears from

100 ns after the zero-crossing through BT/2 shall be between 0.95 and 1.8 times the peak voltage that
appears from time BT/2 through 100 ns before the following zero-crossing. ‘
NOTE: The purpose of the above restrictions on average and peak voltages is to avoid transmitter waveforms that peak excessively

during the second half of signals of duration BT, resulting in excessive jitter at the receiver. Some equalization to produce slight droop
in the second half of signals of duration BT, on the other hand, may help decrease jitter at the far end of long cables.
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20 mV/ns

- 100 |

e 100 o

BT/2, nominal
Fig 12-19

Differential Output Voltage, Nominal Duration BT/2 .

. 100 ]
ns

BT, nominal
Fig 12-20

Differential Output Voltage, Duration BT
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The amplitude of the power spectrum at the output of the transmitter for all possible sequences of sig-
nals shall not exceed that produced by an idealized transmitter sending corresponding rectangular wave-
forms with magnitude 365 V at any frequency.

When a transmitter enters the idle state, it shall maintain a minimum differential output, voltage of
2.0 V from 100 ns through 2BT after the last low-to high transition, as illustrated in Fig 12-21. The differ-
ential output voltage shall then fall to 1.1 V within 3BT after that same low-to-high transition. Starting
when the differential output voltage first reaches 1.1V, the magnitude of the output voltage driven into the
test loads indicated in Figs 12-22 and 12-23 shall then remain within the limits indicated in Fig 12-21 until
the transmitter leaves the idle state.

The transmitter output at the start of idle may exhibit overshoot, ringing, slow voltage decay, or a combi-
nation thereof due to the following factors:

1) Change in transmitter source impedance between the active and idle states

2) Difference in the magnitudes of the differential output voltage between the high and’ Iqw output
states (AVOD)

3) Waveform asymmetry at the transmitter (AT)

4) Transmitter and receiver (transformer) inductance (L)

NQTE: The contribution to the undershoot from each of these can be computed with the following equations:
Vavop =EAVop -Ropr / 2Ron

VAT = (iAT/ 1000 ns)~Vp . ROFF /RON

Vv, =Vp.- ( 1— o275 us/{Lp/Ron) ) Ropp /Roy

where:

Rorr = Rsrc.orr|Re

Rox = Rarcon|Re

Rgre.opF = source impedance (Q) when the driver is off

Rgro.on = source impedance (Q) when the driver is on

R;, =load impedance (Q)

Lp = combined inductance (uH) of the transmitter and receiver transformers

AVpp = difference (V) in magnitude of the HI and LO.output voltages

AT = asymmetry of the waveform equals the difference between the average HI and average LO pulse widths

(ns) at the transmitter
Vp = maximum output voltage (V) during.the start of IDL

NQTE: The waveform shown in Fig 12-21 and the equations in the preceding note apply to a transmitter connected to the test loads of
Fiﬂ: 12-22 and 12-23. An actual receiver\may present a more complex termination impedance and so the undershoot or overshoot may
exdeed that encountered with the testloads.

12.5.3.1.2 Output Timing Jitter. The transmitted sighal zero-crossings shall deviate from the ide-
alized zero-crossings by mo more than + 10 ns.

12.5.3.1.3- Transmitter Impedance Balance. The longitudinal to metallic impedance hHalance of
the transmitter; defined as 20 log;((E;est/Eqir), where Eiqq is an externally applied ac voltage, as|shown in
Fig 12-24, shall exceed 44 dB at all frequencies up to and including 4BR in the idle and nonidle states.

NQTE: Itimay be difficult to measure the transmitter impedance balance in the nonidle state. A frequency-selective wavemeter or
other mieasurement technique may be required. Furthermore, the balance of the test equipment (such as the matching gf the 400 Q
resrstors) must exceed that required of the transmitter.

12.5.3.1.4 Common-Mode Qutput Voltage. The magnitude of the total common-mode output volt-
age of the transmitter, E_,,, measured as shown in Fig 12-25, shall not exceed 300 mV.
NOTE: The implementor should consider any applicable local, national, or international regulations and standards concerning RF

emission. Driving unshielded twisted pairs with high-frequency common-mode voltages may result in interference to other equip-
ment.

12.5.3.1.5 Common-Mode Tolerance. Transmitters shall meet the requirements of 12.5.3.1.1 and
12.5.3.1.2 even in the presence of common-mode: sinusoidal voltage E.n (as shown in Fig 12-26), of + 20 V
peak at frequencies from 40 kHz through 6BR.
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Transmitter Waveform for Idle
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Fig 12-22 : Fig 12-23
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Fig 12-24

Transmitter Impedance Balance
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TRANSMITTEI> - T
/ 479 >

5000  E,

|||L

Fig 12-25
Common-Mode Output Voltage

| 4000
TRANSMITTEF> 1000
| 4009
‘ Ecm

|

L

Fig 12-26
Transmitter Common-Mode Tolerance

12.5.3.1.6 Transmitter Fault Tolerance. Transmitters, both when idle and when nonidle, shall tol-
ergtethe application of short circuits across their outputs for an indefinite period of time without damage
and shall resume normal operation after such faulfs are removed. The magnitude of the current through
such a short circuit shall not exceed 300 mA.

‘Transmitters, both when idle and when nonidle, shall withstand, without damage, a 1000 V common-
mode impulse of either polarity, applied as indicated in Fig 12-27. The shape of the impulse shall be 0.3/
50 us (300 ns virtual front time, 50 us virtual time of half value), as defined in IEC Publication 60 (see Ref-
erence [11]).

NOTE: Tolerance of, and recovery from, the application of the telephony voltages described in 12.10.2 is optional, but the safety
requirements of that section are mandatory. )
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Fig 12-27
Common-Mode Impulse Test

12.5.3.2 Receiver Characteristics

12.5.3.2.1 Differential Input Voltage. The receiver shall operate properly when a signal meeting
the minfmum magnitude requirements of Fig 12-28 is received. When less than 300 mV, the magnitude of
the volthge will exceed that of a straight line through the nearest zero-crossing with slope of magnitude
9 mV/ng. That is, the average slew rate near each zero-crossing will exceed 9 mV/ns. The magnitude of the
voltage will also remain at or above 1.0 V for some period.lasting at least 150 ns (650 ns for pulses of dura-
tion BT) that starts within 250 ns of the preceding zero-crossing and its peak will be at least 1.1 V.

f————— <250 NS ——n

Fig 12-28
Receiver Signal Envelope

12.5.3.2.2 Input Timing Jitter. Receivers shall operate properly with zero-crossing jitter of up to
+ 32 ns from the ideal.
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12.5.3.2.8 Idle Input Behavior. The IDL condition shall be detected within 1.8 bit times of the last
low-to-high transition at the receiver.

NOTES: (1) It is necessary to distinguish CVH from IDL.

(2) System jitter considerations make it impractical to detect IDL (<etd>, end-of-transmission delimiter) any sooner than 1.3 bit
times. The specific implementation of the clock recovery mechanism, or equivalent, determines the lower bound on the actual IDL
detection time. Adequate margin should be provided between the lower bound and 1.8 bit times.

The receiver shall take precautions to ensure that the HI-to-silence transition of the start of IDL is not
falsely interpreted as a silence-to-nonidle transition, even in the presence of signal droop, overshoot, ring-
ing, slow voltage decay, or a combination thereof due to capacitive and inductive effects in the transmitter,
cable, and receiver, including those discussed in 12.5.3.1.1.

To th1s end a recelver in a hub shall treat its 1nput as if it were 1d1e for between 20 and 30 us after

NOTE: The protection period is required in hubs because erroneously interpreting the start-of-idle as a new transmission will result
in propagation of the error to DTEs, despite any precautions taken in those DTEs. The protection period is ¢ptional in DTEs because
any implementation error in a DTE will affect only that particular DTE.

12.5.3.2.4 Differential Input Impedance. The (complex) differential input impedante of the
regeiver, Z,q.eiverr Shall be such that the reflection attenuation, defined as 2010810 (| Zyeceiver +Zcable |/ | Zre-
coivkr — Zeable | ), where Zga1. is the differential characteristic impedance of the attached cable, exce¢ds 16 dB
over the range BR/2 through 2BR for all cables meeting the requirements of 12.7.2.

12.5.3.2.5 Common-Mode Rejection. Receivers shall ‘agsume the proper output state for any dif-
ferlential input signal, E,, that results in a signal, Eg;, that meets 12.5.3.2.1 and 12.5.3.2.2, even in the
presence of common-mode sinusoidal, voltages, E.,, (as shown in Fig 12-29), of 20 V peak at fr¢quencies

frqm 40 kHz through 6BR.
4000 7
: Egit RECEIVER
: 4000 ; |
Ecm

1

v

Fig 12-29
Receiver Common-Mode Rejection

12.5.3.2.6 Noise Immunity. Receivers shall meet the following limits on average error, rates when
the noise described in 12.7.4 is added to the signals described in 12.5.3.2.1 and 12.5.3.2.2:

(1) When nonidle, the receiver error rate shall not exceed one errorin 108 bite.
(2) When idle, a receiver used in a DTE shall not falsely detect carrier more than one in 100 s.
(3)  When idle, a receiver used in a hub shall not falsely detect carrier more than once in. 1500 s.

NOTE: Receivers whose inputs include a 2—4 MHz, 2-pole, low-pass, Butterworth filter and a 560 mV squelch level will meet this last
requirement for idle-mode noise immunity yet still perform properly with the weakest signal allowed by 12.5.3.2,1.
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12.5.3.2.7 Receiver Fault Tolerance. Receivers shall tolerate the application of short circuits
across their inputs for an indefinite period of time without damage and shall resume normal operation
after such faults are removed.
Receivers shall withstand, without damage, a 1000 V common-mode impulse of either polarity, applied
as indicated in Fig 12-27. The shape of the impulse shall be 0.3/50 s (300 ns virtual front time, 50 us vir-
tual time of half value), as defined in IEC Publication 60 (see Reference [11]).

NOTE: Tolerance of, and recovery from, the application of the telephony voltages described in 12.10.2 is optional, but the safety
requirements of that section are mandatory.

12.6 Medium Dependent Interface (MDI) Specification

12.6.2 Connector Contact Assignments. The contacts of the connectors, as depicted'in Figs 12-30 and
12-31, dhall correspond to signaling circuits as indicated below:

Signal

Upward Data+ (positive for HI signal)
Upward Data— (negative for HI signal)
Downward Data+ (positive for HI signal)
not used by 1BASEb5

not used by 1BASES

Downward Data— (negative for HI signal)
reserved

reserved

E
=]
=]
e+

0 -1 T W=

For DTEs and the upper MDI of hubs, contacts 1 and 2 are used for transmitting and contacts 3 apd 6
are used for receiving. For the port MDIs of hubs, however, contacts 1 and 2 are used for receiving and|con-
tacts 3 and 6 are used for transmitting.

T

2345678

= =T /

\/
~ Fig12-30 , Fig 12-31
DTE and Hub Connector Cable Connector

12.6.3 Labeling. To distinguish 1BASE5 connectors from those used for other purposes, it is recom-
mended that appropriate labels be affixed to wall outlets and other connectors. This is particularly impor-
tant in environments in which the specified 8-contact connectors are used for more than one purpose.
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12.7 Cable Medium Characteristics

12.7.1 Overview. A significant number of IBASE5 networks are expected to utilize in-place building wir-
ing. In this environment, DTEs connect to wall outlets using twisted pair telephone cord. The wall outlets,
in turn, connect to wiring closets, where hubs could be located, using standard telephone wiring. This wir-
ing typically consists of 0.4-0.6 mm diameter (2622 gauge) unshielded twisted pairs.

12.7.2 Transmission Parameters. Each wire pair used to interconnect DTEs and hubs shall meet the
requirements of 12.9.3 and also have the following characteristics.

A ex ation ot g q o9 annuati reen g ansmi and he Or]
sHall be no more than 6.5 dB at all frequencies between BR/2 and BR, 9.2 dB at frequ
and 2BR, and 13.8 dB at frequencies between 2BR and 4BR.

e ing receiver
encies ‘befween BR

12.7.2.2 Differential Characteristic Impedance. The magnitude of the differential characteristic
impedance at frequency BR, Zgg, of each wire pair used shall be between 80 Q and'115 Q. In addition, the
mpgnitude and phase angle of the characteristic impedance at each of the following frequencies shall be
within the corresponding ranges indicated:

Magnitude Phase Angl
Frequency Minimum Maximum Minimum Maximum
BR/4 ZBR ZBR +7Q -10° 09
BR/2 ZBR Zpp+ 5 Q -8° 0°
BR ZnR 78R -6° 0°
2BR Zpr—4Q ZnR —4° 0°
4BR Zpr -5 Q Zsk -3° 0°

12.7.2.3 Medium Timing Jitter. Intersymbol interference and reflections due to impedance mis-
tches between the sections of a cable seginent can introduce jitter in the timing of the zero-grossings.
A rable segment terminated in 96 Q shall\add no more than + 17 ns, referenced to the transmit clock, of
edge jitter when driven with a rectangular signal of magnitude 2.5 V through a source impedance 22 Q.
e driving signal shall be a Manchester-encoded pseudo-random sequence of data with a repetitf(;n period
of[at least 511 bits.

NOTES: (1) The reflections caused(by)splicing two cable sections that have different characteristic impedances (but that each meet
thq requirements of 12.7.2.2) will notcontribute significantly to timing jitter if the splice is within 10 m of either end of the segment., -

@) Branches off a wire pair (often referred to as “bridged taps” or “stubs”) will generally cause excessive jitter and go should be
aveided.

B3) Jitter can be meastired at the receiving end of a segment using an oscilloscope. The oscilloscope is triggered on zefo-crossings;
thg deviation of subsequent zero-crossings from multiples of BT/2 is then observed. The deviation of each zero-crossing must not
exdeed £ 34 ns.

12.7.2.4 Dispersion. Each wire pair shall produce an output signal that meets the zero-crossing edge
rate described in 12.5.3.2.1 when driven with a 1 MHz trapezoidal signal of magnitude 2.0 V (th:f is, 4.0V
pepk-to-peak) with edge rate 20 mV/ns.

12,7.3 Coupling Parameters. To avoid excessive coupling of signals between pairs of a cable, the
crosstalk and imbalance must be limited.

Crosstalk attenuation is specified with the far end of both the disturbed and the disturbing pairs and the
near end of the disturbed pair terminated in 96 Q.

12.7.3.1 Pair-to-Pair Crosstalk. The near-end, differential, crosstalk attenuation between each wire
pair and each other pair in the same cable shall be at least 45 dB frequencies up to BR and at least 45 — 15
log1o (/BR) dB for each frequency f between BR and 4BR.
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12.7.3.2 Multiple-Disturber Crosstalk. The near-end, differential, crosstalk attenuation between
multiple disturbing wire pairs and a disturbed pair in the same cable shall be at least 38.5 dB at frequency
BR and at least 38.5— 15 log;, (/BR) dB for each frequency f between BR and 4BR.

When two or more disturbers are present in a common cable sheath, the multiple-disturber, near-end,
crosstalk attenuation (MDNEXT) into each pair, measured in dB, may be determined using the following
equations:

H, =Y 10

i#j

-X../20
Xy )coseh.

=Y 107X g3y eﬁ

] i

MDNEXT; = 10log,,(H}+V?)

where:

iitergtes over each disturbing pair

j is the disturbed pair
X;; is the magnitude of the near-end, differential, crosstalk attenuation from pair i to pair j
6; is the phase angle of the near-end, differential, crosstalk attenuation ffem pair i to pair j

If only the probability distribution of Xj; is known, then the distribution of MDNEXT can be determjned
using Monte Carlo methods with that Xj; distribution and a phase/angle uniformly distributed betwepn 0

and 2x rad.

NOTE: S¢e Appendix A3 for example computations of MDNEXT distributions:

12.7.3.3 Balance. The longitudinal to metallic balance of the cable, defined as 20 logyy (Eyq/ 2E,),
where K. is an externally applied voltage, as shown:in Fig 12-32, shall exceed 44 dB at all frequencigs up

to 4BR.

NOTE: The balance of the test equipment (such as the balance of the transformer and the matching of the 300 Q resistors) nust
exceed that required of the cable.

11

& 3 .

— M~ jsoo.n

fur |
|

e
"—
-

Fig 12-32
Cable Balance Test
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12.7.4 Noise Environment. Links used with 1BASES5 shall provide a noise environment no worse than
that described below. The total noise environment generally results from two primary contributions: self-
crosstalk from other 1BASE5 wire pairs and externally induced impulse noise, typically from telephone
ringing and dialing signals, and office machinery. For the purposes of this standard, it can be assumed that
the two components contribute independently and so the total error rate can be appropriately split between
the two.

12.7.4.1 Impulse Noise. The noise voltage on wire pairs terminated at both ends in 96 Q, as measured
through the following specified filters, shall not exceed the corresponding threshold voltages more than 9
times per 1800 s interval. Following the start of any particular impulse that is counted, any additional
impulses shall be ignored (that is, not counted) for a period of 100 us. Each filter is a 2-pole Butterworth

low-pass fitter with the indicated cut-off (3¢B poimt) frequency:

Cut-Off Frequency Threshold
2 MHz 170 mV
4 MHz 275 mV
10 MHz 560 mV

The impulse noise occurrence rate changes inversely by one decade for each 7 dB change in the threshold
voltage. That is, if the noise occurrence rate is 9 counts per 1800 s at a particular threshold voltage, then a
rate of 9 counts per 18 000 s will occur at a threshold 7 dB above that voltage. If a count rate of|N counts
per 1800 s is measured on a specific cable and filter at the specified voltage threshold, the media njpise mar-
gin is 7 logy¢ (9/N) dB.

12.7.4.2 Crosstalk. The level of crosstalk noise on a paif depends on the level of the disturbing sig-
nal(s) and the crosstalk attenuation from the pair(s) carrying the signal(s). With the maximum |transmit
leviel specified in 12.5.3.1, the sinusoidal crosstalk attenuations specified in 12.7.3.1 and 12.7.3.2,|and mul-
tiple, synchronized, random Manchester disturbers, the peak self-crosstalk (that is, crosstalk friom other
1BASE5 signals) noise levels, as measured through the following specified filters, shall be les$ than or
eqpal to the levels indicated below. Each filter is.a 2-pole Butterworth low-pass filter with the [ndicated
cut-off (3 dB point) frequency.

Cut-Off-Frequency Level
2 MHz 105 mV
4 MHz 160 mV

12|8 Special Link Specification

12.8.1 Overview. Some IBASES5 networks may require extengion beyond the limits imposed by 12.7 or,
dup to the installation-environment, may require special media such as optical fiber, high-grade| cable, or
even free-space transmission. The detailed design of special links that replace standard links for use in
su¢h circumstances)is beyond the scope of this standard, but the end-to-end characteristics are spgcified. It
- shall be the responsibility of the supplier to ensure the proper operation of special links with otherl IBASE5
eqpipment.

2.8.2 Transmission Characteristics. Special links shall meet the overall attenuation, jitter] and dis-
persion specifications of 12.7.2.1, 12.7.2.3, and 12.7.2.4, respectively. Total noise introduced due to[crosstalk

pther-sotirces-snamnote d-that-allewedfor-standard-media; s pecified-ir F4-Tetheextent that
it affects operability with 1BASES5 transmitters and receivers, special links shall also meet the impedance
and balance requirements of 12.7.2.2 and 12.7.3. The delay and preamble loss allowed for special links is
specified in 12.9.4.

12.8.3 Permitted Configurations. No more than one special link is permitted in the path between any
DTE and the header hub. That is, special links may be installed in parallel but not in series.
NOTE: Special links may be combined with other 1BASE5 components, such as hubs. Such combinations are subject to the perfor-

mance specifications of this standard only as visible at their external interfaces. For example, explicit MDIs are not required internal
to such combinations.
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12.9 Timing

12.9.1 Overview. The successful interconnection of multivendor system components mandates that
delay and bit loss be allocated fairly and realistically among the various system elements. The balance of
this section defines the upper limits of delay and bit loss allocated to each component. These values allow
proper operation with the worst-case system configuration of five levels of hubs, special links, maximum-
length cable segments throughout the network, and colliding DTEs at extremes of the network.

12.9.2 DTE Timing. DTE Initial Transmit Delay is the time from the first full transition (due to the first
OUTPUT_UNIT of preamble) from the MAC to the first full transition (after startup bit loss, if any) at the
MDI. This delay shall not exceed 3BT. The start bit loss shall not exceed 1 bit.

DTEgshaltcorrectly receive-frames-that-are-preceded-by13-ormore-bits-of preamble-plusS-bitsof<sfd>.

Therp is a delay between the reception of signal at the PMA input of a DTE and operation of the-deferral
procesg in the MAC. Therefore, there is a window in which a DTE may fail to defer to a transmission [even
after it{has arrived at the input. The DTE Deference Delay is the time from the receipt of the first transi-
tion of the preamble at the MDI until the last moment that the DTE might start transmitting at the MDI.
This dglay includes the following components:

(1) [The delay from the first input transition at the MDI to CARRIER_ON at the BLS-MAC interfage
(2) TThe delay through the MAC processes from CARRIER_ON to the last momént that a new trangmis-
sion would miss being deferred
(3) The delay from the first OUTPUT_UNIT at the MAC-PLS interface %o the first output transitipn at
the MDI

The DTE Deference Delay shall be no more than 21BT.
The PTE Collision Shutdown Delay is the time from the first CVL or CVH arriving at the MDI of a trans-
mitting DTE until that DTE transmits IDL at that interface.This time shall be no more than 26BT +
jamSize=58BT. This limit shall not start until after the <sfd>has been transmitted.

12.9.8 Medium Timing. The Medium Transit Delay.is'the time from when a signal enters the medium
until that signal leaves the medium. This delay shall’not exceed 4BT.

12.9.4 Special Link Timing. The Special Link Transit Delay is the time from when a signal enters a
special|link until that signal leaves the special link. This delay shall not, exceed 15BT. The preamble leav-
inga siecial link shall be no more than 2-bit cells longer than the preamble sent to that special link and no
more than 1 bit cell shorter than the preamble sent to that special link. For the purposes of these limits
only, the first bit transmitted shall.be considered part of the silence of the preceding IDL unless it neets
the requirements for the succeeding bits specified in 12.5.3.1.1 and 12.5.3.1.2.

12.9.5 Hub Timing. Hub Startup Delay is the time from when the first bit cell of the preamble arrives at
a hub yntil the first bit cell-(also preamble) leaves that hub. This time shall be no greater than 12BT| The
preamble sent by a hub.shall be no more than 1 bit cell longer than the preamble sent to that hub or more
than 4 pit cells shorterthan the preamble sent to that hub. For the purposes of these limits only, the|first
bit transmitted shall be considered part of the silence of the preceding IDL unless it meets the reqpire-
ments for the succeeding bits specified in 12.5.3.1.1 and 12.5.3.1.2.

Hub [dle, Collision Startup Delay applies to any case in which CP arrives preceded by fewer (or nq) bit
times of preamble than the Hub Startup Delay. The time from arrival of the first bit cell (either preamble
or CP) i 1 than 12RT

Hub Transit Delay is the time from the arrival of any bit cell at a hub to the transmission of the corre-
sponding bit cell from the hub. This delay shall not exceed 9BT, excluding the cumulative effects of clock
tolerance. :

The transit (propagation) delay between the upward and downward sides of the Header Hub shall be
negligible.

Hub Delay Stretch/Shrink is the increase or decrease in a hub’s transit delay due to the effects of differ-
ing clock rates. The clock rate tolerance of 0.01% specified in 12.3.2.4.1 and the maximum frame size of
1518 octets specified in 4.4.2.2 yield a maximum stretch or shrink of (56 + 8 + 1518 - 8) - 0.01% - 2 < 3BT,
both at any given hub and through an entire network.
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Hub Collision Detect Delay is the time required for a hub to detect multiple incoming signals and initiate
transmission of CP. The time until transmission of the first CVH or CVL shall be no greater than 21BT.

Hub Active Collision Startup Delay is the time from the arrival of the first CVH or CVL of a CP pattern
at a hub that is repeating bit cells until transmission of the first CVH or CVL. from the hub. This delay
shall be no greater than 12BT in either the upward or downward direction.

Hub Collision Shutdown Delay is the time from IDL arriving at a hub that is passing on or generating
CP until that hub starts transmitting IDL. This delay shall be limited to 9BT. The limit is relaxed to 25BT,
however, for the upward side of a hub that is generating CP. This extra allowance is made to avoid requir-
ing implementation of a separate <etd> detection mechanism in each port of the hub.

12.10 Safety. Implementors are urged to consult the relevant Iocal, national, and international sdfety regu-
lations to ensure compliance with the appropriate standards. EIA CB8-1981 (see Annex (12]) provides
additional guidance concerning many relevant regulatory requirements.

Sound installation practice, as defined by applicable codes and regulations, shall be followed.[ECMA-97
(spe Annex [11]) describes safety requirements for local area networks.

12.10.1 Isolation. Each PMA/MDI interface lead shall be isolated from frame ground. This elegtrical sep-
afation shall withstand at least one of the following electrical strength tests:

(1) 1500 V (rms) at 50 to 60 Hz for 60 s, applied as specified in Section 5.3.2 of IEC Publicatign 950 [8].
(2) 2250 V (dc) for 60 s, applied as specified in Section 5.3.2 of IEC Publication 950 (see Refergnce [8]).

(3) A sequence of ten 2400 V impulses of alternating polarity, applied at intervals of not lesg than 1 s.
The shape of the impulses shall be 1.2/50 us (1.2 us"virtual front time, 50 us virtual time of half
value), as defined in IEC Publication 60 (see Reference [11]). ,

There shall be no insulation breakdown, as defined'in Section 5.3.2 of IEC Publication 950 (see[Reference
ig)), during the test. The resistance after the test-shall be at least 2 MQ, measured at 500 V (dc).

12.10.2 Telephony Voltages. The use“of building wiring brings with it the possibility of wiring errors
that may connect telephony voltages to,1IBASE5 equipment. Other than voice signals (which are very low
vdltage), the primary voltages that may be encountered are the “battery” and ringing voltages.Although
there is no universal standard that constrains them, the following maximums generally apply:

(1) Battery voltage to @n on-hook telephone line is about —56 V (dc) applied to the line through a bal-
anced 400 Q source impedance. This voltage is used to power the telephone instrument gand detect
the off-hook condition. Source inductance can cause large spikes on disconnect,

(2) Battery voltage to an off-hook telephone line is also about —56 V (dc) applied to the line through a
balanced-400 Q source impedance, but most of the voltage appears across the source impedance
becausé the telephone instrument’s impedance is relatively much lower.

(3) Ringing voltage is a composite signal. The first portion can be up to 175 V peak at 20 to 66 Hz, lim-
ited by a 100 Q source resistance or a 400 to 600 Q source inductive impedance. The second portion
is ~56 V (dc) limited by a 300 to 600 Q source impedance. Large spikes can occur at the|start and
end of each ring.

Although 1BASES5 equipment is not required to survive such wiring hazards without damage, apphca-
tion of any of the above voltages shall not result in any safety hazard.

NOTE: Wiring errors may impose telephony voltages differentially across the 1BASE5 transmitters or receivers. Because the termi-
nation resistance likely to be present across a receiver’s input is of substantially lower impedance than an off-hook telephone instru-
ment, however, receivers will generally appear to the telephone system as off-hook telephones. Full ring voltages, therefore, will be
applied for only short periods of time. Transmitters that are coupled using transformers will similarly appear like off-hook telephones
(though perhaps a bit more slowly) due to low resistance of the transformer coil.
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'13. System Considerations for Multisegment 10 Mb/s Baseband Networks

13.1 Overview. This section provides information on building multisegment 10 Mb/s baseband networks
within a single collision domain. The proper operation of a CSMA/CD network requires network size to be
limited to control round-trip propagation delay to meet the requirements of 4.2.3.2.3 and 4.4.2.1, and the
.number of repeaters between any two Data Terminal Equipments (DTEs) to be limited in order to limit the
shrinkage of the interpacket gap as it travels through the network. This section applies only to networks
that contaln 10BASE-T segments.

NOTE: [[nformation on 10BASE-T is included to begin the process of developmg thls section. It is intended that 8.6.1 and-10.7.1 be
merged finto this section in the future and that any new 10BASE segments be added to this section.

13.2 Definitions. Terminology used in Section 13 is defined here:

collision domain. A single CSMA/CD network. If two or more Media Access Control (MAC) sublayers are
within the same collision domain and both transmit at the same time, a collision will 6¢cur. MAC sublayers
separdted by a repeater are within the same collision domain. MAC sublayers separated by a bridge are
within| different collision domains.

link xrgment. The point-to-point full duplex medium connection between two and only two Medium-
Dependent Interfaces (MDIs).

segment. The medium connection, including connectors, betweeny MDIs in a CSMA/CD LAN.

13.3 Transmission System Model. The physical size of a T0BASE-T network, or mixed-media network
containing 10BASE-T link segments, is constrained by the limits of individual network components. These
limits include the following:

(1) |Cable length and its associated propagation time delay.
(2) |Delay of repeater units (start-up and steady-state).
(8) |Delay of MAUSs (start-up and steady-state).
(4) |Interpacket gap shrinkage.
- (5) |Delays within the DTE associated 'with the CSMA/CD access method.

Table 13-1 summarizes the delays for the various network media segments:

Table 13-1
Delays for Network Media Segments

. i . Maximum
s Maximum Maximum Minimum .
Slew‘:li;t Number of Segment Medium l%g f;humr
’Ig‘yp MAUs per Length Propagatlon : S Y é’: t
¢ Segment (m) Velocity” egm
(ns)
Coaxial
10BASE5 . 100 500 0.77¢ 2165
10BASE2 30 185 0.65¢ 950
Link
FOIRL . 2 1000 0.66 ¢ 5000
10BASET 2 100t 0.59¢ 1000
AU 1DTE/1 MAU 50 0.65¢ 257
*¢'=8x10% m/s

TActual maximum segment length depends on cable characteristics; see 14.1.1.3.
fAUI is not a segment.
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~In addition, Table 14-1 summarizes the delays for the 10BASE-T MAU; Section 8, the delays for the
10BASE5 MAU; Section 10, the delays for the 10BASE2 MAU; and Section 9, the delays of the fiber optic
inter-repeater link (FOIRL) and the repeater. '
The following network topology constraints apply for 10BASE-T networks as well as mlxed-medla net-
- works containing 10BASE-T link segments:

¢ Repeater sets are required for all segment interconnection.
(2) MAUs that are part of repeater sets count toward the maximum number of MAUs on a segment.
(3) The transmission path permitted between any two DTEs may consist of up to five segments, four
: repeater sets (including optional AUIs), two MAUSs, and two AUISs.

(4) When a network path consists of four repeater sets and five segments, up to three of the segments
may be coaxial and the remainder must be link segments (Figs 13-1 and 13-2). When five segments
are present, each FOIRL link segment should not exceed 500 m. , ; i
(5) When a network path consists of three repeater sets and four segments, the maximum|allowable
length of the FOIRL segments is 1000 m each, as specified in 9.9 (Fig 13-3). '
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Example of Maximum Transmission Path Using Coaxial Cable Segments,
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“Example of Maximum Transmission Path with Three Repeater Sets,
Four Link Segments (Two are 100 m 10BASE-T and Two are 1 km Fiber)
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