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Information technology—
Local and metropolitan area networks—

Part 3:

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

Sponsor

Technical Committee on Computer Communications
of the
IEER Computer Society

Abstract: This Local and Metropolitan Area Network standard, ISO/IRC 8802-3 : 1993 [ANSVIEER Std
802.3, 1993 Lidition], specifies the media access control characteristics for the Carrier Sense Multiple Access
with Collision Detection (CSMA/CD) access method, It also specifies the media, Medium Attachment Unit
{(MAU) and physical layer repeater unit for 10 Mb/s baseband and broadband systems, and it provides a
1 Mb/s baseband implementation. Specifications for MAU types 10BASES, 10BASE2, FOIRL (fiber optic in-
ter-repenter Jink), JOBROAD36, IBASES, and 10BASE-T are included. System considerations for multiseg-
ment 10 M/s baseband networks are provided. Layer and sublayer interface specifications are aligned to
the SO Open Systems Interconnection Basie Reference Model and 8802 models. The 8802-3 internal model
is defined and used.

Keywords: data processing, information interchange, local area networks, mode of data transmission, net-
work interconnection, models
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International Standavd ISO/IRBC 8802-3 ¢ 1592

150 (the International Organization for Standardization) and IEC (the International Elec-
trotechnical Commission) form the specialized system for worldwide glandardization.
Nationa! bodies that are members of IS0 or IEC partieipate in the development of Interna-
tional Standards through technical committees established by the respective organization to
deal with particular fields of technical activity. 130 and IBEC techuical commitices collaborate
in fields of mutual interest. Other international orgenizations, governmental and nongovern-
mental, in laisen with ISO and IEC, also take part in the work,

In the field of information technology, ISO and IEC have cstablished a joint technical com-
mittee, ISOARC JTC 1. Draft International Standards adopted by the joini technical commit-
tee ave circulated to national budies for voting., Publication as an International Standard
requires approval by at least 75% of the national bodies casting a vote.

In 1985, IEEE Standard 802.3-1985 was adopted by IS0 Technical Commitlee 87, Informa.-
tion processing syslems, as draft International Standard IS0/DIS 88023, Following the proce-
dures desceribed above, the Standard was subsequently approved by ISO and published as ISO
2802-3 : 1988, incorporating IS0 8802-3/DAD 1 which had resulted from the adoption by ISO
in 1987 of ANSV/IEEE Std 802.3a.

A further revision was subsequently approved by ISOAEC JTC 1 in 1990, incorporating
ISO/IRC 8202-3/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/IRC 8802-3 : 1992 and incorporates ISO/IEC
8802-3/Amendment 6, Maintenance Ballot; Amendment 7, Leyer management; and Amend-
ment 9, System considerations for multisegment 10 Mb/s baseband networks and Twisted-
pair medium attachment unit (MAU) and baseband medium, type 10BASE-T. These amend-~
ments were approved in 1992,

For the purpose of assigning organizationally unigue identifiers, the Instilute of Electrical
and Electronics Engincers, Tnc., USA, has been designated by the ISO Council as the Regis-
{ration Authority. Communications on this subject should he addreased to

Registration Authority for ISOAEC 8802-3

¢/o The Institute of Blectrical and Electrenics Engineers, Ine.
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 088565-1331

USA

During the preparation of this International Slandard, information was gathered on pai-
ents upon which application of this standard might depend. Relevant patents were identified
as belonging to Xerox Corporation. However, ISO and IEC cannot give authoritative or com-
prehensive informatien 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 an this subject should be addressed to

Kerox Corporation
PO, Box 1600
Stamford, CT 06804
USA

International Organization for Standardization/International Blectrotechnical Commizgion
Case postale 56 = CH-1211 Genéve 20 * Switzerland
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Forveword to Internstional Btandard IBWIRC 8302-2 « 1892

This standard is pact of a family of standards for Local and Metropolitan Area Nelworks, The relation.
ship between this standard and the other members of the fansily is shown below. (The numbers in the fip-
ure vefer to ISO standard numbers.)

80022 i

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 ISO Open Sys-

tems Interconnection Basic Reference Model (I80 7498 : 1984). The access standards define four fypes of

medium access technologies and associated physical media, each appropriate for particular applications or
system objectives. Other types are under investigation.
The standards defining these technologies are as follows:

(1) ISO/IEC 8802-3 [ANSI/IEEE Std 802.3, 1993 Rdition], a bus utilizing CSMA/CD as the access
method,

(2) ISO/EC 8802-4 [ANSI/IEEE 5td 802.4-1990], a bus utilizing loken passing as the access method,

(3} ISC/IEC 8802-5 [ANSIAEER Std 802.5-1992}, a ring utilizing token passing as the aceess method,

(4) IS0 8802-7, a ring utilizing slotted ring as the access method.

IS0 8802-2 [ANSVIEEE Std 802.2-1989], Logical Link Control proiocol, it used in conjunction with the
medivm access standards.

ISO/IEC 10038 [ANSVIERE Std 502.1D, 1993 Edition), Media access control (MAC) bridges, specifies an
architecture and protocol {or 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 ANSIIEEE Std 802.3 stan-
dards. ISO/IEC and IEEE cach have unigue foreword scections, The Annex applies to the IREE standard
only. The Appendixes serve as useful reference material to both standards.
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AMSHIEELR Std 802.2, 1993 Edition

[EFE Standards documents are developed within the Technical Commitiees of the IEER
Societies and the Standards Coordinating Committees of the IERE Standards Board., Memn-
hers of the committers serve voluntarily and without compes sation, They sre not necessarily
memibers of the Institute, The standards developed within IERE represent a consensus of the
broad expertise on the subject within the Institute as well as those attivities outside of IBERE
which have expressed an interest in pariicipating in the development of the standard,

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard doos not
imply thal there are no other ways to produce, test, measure, purchase, market, or provide
other goods and services relaied 1o the scope of the IEEE Standard. Furthermore, the view-
point expressed at the time a standard is approved and issued is subjeet to change brought
about through developments in the state of the arl and comments veceived from users of the
standard, Every IEEE Standard is subjected to review al leasi once every five yoears for ravi-
sion or reaffirmation. When a document is more than five years old, and has not been reaf-
Brmed, it is reasonable ta conclude that its contents, although siill of some value, do noi
wholly reflect the present state of the art. Users are cautioned to check to determine that they
have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are weleome from any interested perty, regard-
less of membership affiliation with 1BRE. Suggestions for changes in docwnents should be in
the form of a proposed change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of
standards ag Lhoy velate to specific applications. When the need for interpretations is brought
io the attention of IEEE, the Institute will initiate action to prepare appropriate responses.
Sinee 1EER Standards represent a consensus of all concerned interests, it is important to
ensure that any interpretation has also received the concurrence of a halance of inlerests, For
this veason IBEE and the members of its technical committees are not able to provide
instant response Lo interpretation requests except in those cases where the matter hag previ-
ously received formal eonsideration.

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

Secretary, IEER Standards Board
345 Fast 47th Street

New Yorlk, NY 10017

USA

[ZBE Standards documents are adopted by the Institute of Electrieal and Blecironics
Engineers without regard to whether their adoption may involve patents on articles, ma.
terials, or processes, Such adoptions does not assume any liabilify to any patent owner, nor
does it assume any obligation whatever to parties adopting the standards doewments.
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Foveword to ANSUIERER Bid 802.3, 1988 Bdition

£Fhis Foreword is not a part of this Intesnational Standard or of ANSIARISE 202,43, 1893 difion.)

This standard is pari of a family of standards for local and meiropolitan avea nebworks. The relationship
between the standard and other members of the family is shown below. (The numbers in the figure refer (o
1BEE standard numbers.)
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* Formerly IEBE Std B02.A,

This family of standards deals with the Physical and Data Link layers as defined by the International
Organizotion for Standardization (JS0) Open Systems Interconnection Basic Keference Model (ISO
7498 : 1984). The access standards define several types of medium access technologies and associated plys-
icnl medin, each appropriate for partieular applications or system objectives. Other types are under investi-

gation,

The standards defining these technologies are as follows:

» [BEE Std 602" Overview and Architecture. This standard provides an overview
to the family of IBEE 802 standards, This document forms part
of the 802.1 zcope of worlk,

= IERE Std 802.1B: LAN/MAN Management. Defines an Open System Interconnec-

tion {O0S]) management-compatible architecture, and services
and protocol elements for vse in a LAN/MAN environment for
performing remote management.

«1SOMAEC 10038 : 1893

IANSHIEEE Std 802.1D)] MAC Bridging. Specifies an architecture and protocol for the in-
terconnection of IEER 802 LANs below the MAC szervice
boundary.

+ JEEE 5td 802.1E: System Load Protocol. Specifies a set of services and protocol for

those aspects of management concerned with the loading of sys-
tems on IREE 802 LANs.

= 150 3802-2 [ANSVIEED 5td 802.2); Logical Link Conirol

* I3O/EC 8602-3 [ANSVIEER 5td 802.3): CSMA/CD Access Mothod and Physical Layer Specifications

"Pha 802 Archilecturs and Overview Specification, originally known as IEEE 5td 802,14, has been renumbered as 1BEE Sid 802. This
has been done to accammodate recognitioh of the base standard in o family of standurds, References to JERE Std 862.1A should be
considered as references Lo IEEE Sui 802.
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o TSO/IRC 8802-4 [ANSIERE Std 802.4]; Token Bus Access Method and Physical Layer Specifications

« ISO/IEC BEO2-5 [ANSVIERE Std 802.5): Token Ring Access Method and Physical Layer Specifications

o IREE Std 802.6: Metropolitan Area Nefwork Aceess Method and Physical Layer
Specifications
= [BETE Std 802.10: Interoperabie Local Area Network Security, Currently Contains

Seecure Data Exchange (SDE)
In addition to the family of standards the following is a recommended practice for a common technology:

s I[EEE Std 802.7: iEER Recommended Practice for Broadband Local Area
Networks

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

Conformance Test Methodology

Another standards series, identified by the number 1802, has been established to identify the vonform-
ance test methodology documents for the 802 family of standards. This makes the correspondence hetween
the various 802 standards and their applicable conformance test requirements readily apparent. Thus the
conformance test docvments for 802.3 are numbered 1802.3, the conformance test documents for 802.5 will
be 1802.5, and so on. Similarly, ISO will use 18802 te number conformance tesi standards for 8802

standards.

ISOAEC 8802-3 : 1993 (ANSVIEEE Std 802.3, 1883 Edition)

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

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

Readers wishing to know the state of revisions should contact

Secretary

IERE Standards Board

Institute of Blectrical and Electronics Enginecrs, Inc
PO Box 1331, 445 Hoes Lane

Piscataway, NJ 08855-1331

Usa

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

When the IEBE 802.3 Warking Group approved the orighed standavd (ANSVIREE 5id 502.3- 19555 in

10838, it had the following membership:

Phil L. Arst
Robert . Bridee
Charles Bril}

G. J. Clancy
John Davidson
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Hank (4. N Doryis
Judith Eslrin
Richard Fabbri
Ingrid Fromm
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Hugh B. White
Chea-Ping Wu
Nick Zades

Mo R, Zonoun

Additional individuals who contributed actively in the development of the original standard (ANSVIEEE
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Juae Bulnes
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Guy Harking
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The ECMA TC24 Committee on Communication Profocols also provided helpful input in the development

of this standard.

When the IEEE 802.3 Working Group approved ANSHIEEE Std §02.30-1288 (Section 10} in November
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Donald C. Loughry, Chair
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Menachem Abraham
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Wendel Turner
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Mo Zonoun
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it had the following membership:

John B, May, Chair John P, Riganati, Vice Chair

Sava L Shery, Sceretary

James I, Benli
Fletcher J, Buckley
Rene Castenschiold
Ldward Chelotti
Edward J. Cohen

Paul 3. Cummings
Donald . Fleckenstein

Jay Foraler

Daniel L. Goldberg
Kenneth D, Kondrix
Irvin N, Howell

Jack Kinn

Joseph L. Koepfinger*
Irving Kolodny

Lawrence V. ¥MceCall
Donald T. Michael*
TFrank L. Roze
Clifford O. SBwanson
J. Richard Weger
W. B. Wilkens
Charles J. Wylie

R, F. Lawrence
#Afember emeritus

ANSIIEREE Std 802.2¢-1985 was approved by the American National Standards Institute on June 4,

1986.
When the IEEE 802.3 Working Group approved ANSVIEEE Std 802.3d-1987 (8.9), it had the following
membership:
Dronald C. Loughry, Chair
Steven Moustakas, Chalr, Task Force

Mennchem Abraham Lloyd Hasley Timothy Rock
Keith Albright Hawming Haung David Hoos
Keith Amundsen Charles Hoffner Walter Sehyuer
Jean-Pierre Astorg Miehael Hughes Semir Sirazi
R, V. Balakrishnrn Donald Johnson David Smith
Richard Bennett Mze Jehnson Robert Summera
Charles Brill Kwi-Yung Jung Pat Thaler
Juan Bulnes Matt Kaltenbach Geoff Thempson
Robert Campbell Paul Kellom Nathan Tobol
Luigi Canavese Scott Kesler Carlos Tomaszewski
Albert Clapssen Hiroshi Kobayzshi Wendell Turner
Peter Dawe Hidetsune Kuroknwa Jogeplh Wiencko
Peter Dasaulniers Lee LaBarre Bruce Williams
Raymond Duley Ed Lare
Jeff Ebeling . Wayne Lindquist ORSERVERS
Gianfrance Enrico Terry Lockyer
Alan Flatman Don Loughry Allen Cherin
Richard Fransen James Lucas John Decramer

4 Ingrid Fromm Andy Luque Paul Eastman

L Robert Galin Lloyd Qliver Shinji Bmori

3 Mark Gerhold Aidaun Paul Jiro Kaskio

Adi Golbert Roy Pierce Michzel Lee
Rich Graham Eric Rawson Luciano Marchitto
Rich Gunrpertz Jogeph Rickert Jim Montrose
Hacene Hariti Gary Robinson Peter Tarrant

The IEC TC83 Committee on Information Technology Equipment also provided very helpful input to the
development of the FOIRL Standard (9.9).

i
B
i
i
i
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The follewing persons were on the halloting commitiee that approved ANSI/IEER Std 502.24- 1967 (9.9

for submission to the TEEE Standaxds Board:

William B, Adams
S. R. Ahuja

it Athul

Wiltiam Ayen
Eduardo W. Bergamini
Paul W. Campbell, Jr.
George 8. Carson

Po Chen

L. Y. Cheung
Kitnam Chon

W, I. Chow

Michsel Ceden

AL F, Conrad

Robert 8, Crowder
Michel Diaz

N. 1 Dimopoulos

M. G. Duncan
Philip 11, nslow, Jdr.
Judith Estrin

John W, Fendrich
Harvey A, 'reeman
Patrick 8. Gonia

R. L. Gordon

A, Gayal

M. I, Grachoor
Baris Grauvhe
Joseph L., Hiammomnd
Stephen Harrig

J. Scoit Haugdnh!
(. W. Hobbs

Pl Hutton
Richard 10if

B, D, Jenson

Guy Juanale

Karl I, KeHermayy

M Heanpovice
Samuel Eno

5. I Kille

David Kellm
Takahiko Kuki

Lee LaBorre
Wai-Sum Luj

Lanse M. Leach
Edward Y. Lee

R. C. Lightburn
.G, Lim

William D. Livingaton
Don O, Loughry
Joseph . P Luhulkay
Wo-Shun Luk

Maren Ajmone Marsan
dJoseph Massi

Mareo Mel:

Darrel B, MeIndoe
2.3, Melntozh
David 8. Millman
Adityn N. Mislea
David B. Morgan
Mike Morganti
Kanji Mori

David Morris

T4 H.T Moufish
Dale M. Mureay

. R. Nelson

J. 13, Nertheut
Charles Qestereicher
Young Oh

George Parowski
Thomas L. Phinney
oJ. M. Potucek

arya Rephko

Gary 3 Robinson

ltoliert Rusenthal

Gian Pacle Rosesi

Iravid J. Rvpha

51 Sumaylenko
Norman F, Schneidewiod
Qmri Serlin

N, Sheppard

LRon Simmons

4. B Binelnir

L. Sintenen

Pom Stack

Carel M, Stillebroor

Fred Strauss

Tats uda

B Bugar
Bfstathios 1. Sykas
Daniel T\ W, Sze
Ahmed N, Tantoaw:
QL Tarng

D To
Vpt-Tek Taui
Stanku Turk

1. David Umbaugh
4.1, Vorhies

Pearl 8, C. Wang
Don Weir

Alan Y. Weissburger
VoL Wenher

Barl . Whilaker
Bryan Whittle
Michzel Willent
David C, Woorl
Teong-Hu Wu

Oren Yuen

When the IBEE Standards Board approved ANSIIEEE Std 802.3d-1987 (9.9} on December 12, 1985, il
had the following membership:

Donald C. Fleckensiein, Chair KMaveo Migliaro,Vice Chair

Andrew G. Salem, Seeretary

Donald T. Michnet®

L. Joho Rankine

Joha P. Rigongti

Gary 5, Robinsan
Frank L. Rose

Rebiesl 15, Rountree
Willinm R. Tackabersy
Willizon B, Wilkens
Helen M. Woart

Lezlia U Kerr

Jduck Kinn

Irving Kolodny
Joseph L. Keepfinger~
Pdward Lohse

John May

Lawrenee V. MeCall
L. Bruce MeClung

James H. Beall
Dennis Dodzon
Marshall T, Cain
James M. Daly
Stephen R. Dillon
Eugene P. Fogarty
Jay Forster
Kenneth D, Hendrix
Trvin N, Howell

“WMember emeritus

ANSVIGEE Std 802.3d-1987 was approved by the American National Standards Institute on February 9,
1959,
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When the [BEE B02.3 Warling Group approved ANSIAEKE 5{d 80253

following rembership:

IKeith Albright
V. Balakrishnan
William Beliknap
Rielord Beanetl
Charles Brill
Juan Bulnes
Stephen Toopey
Ronnld Crane
John Davidson
Mavck Dovon
Pawd Enstman
Phil Bdholis
Gregory Ennis
Judy Batrirs
Alan Flatman
Richard Fransen
Inpril Fromm
Robert Galin
Sharnd Gandhi
Rich Graham
Richard Gumperts
Taecene Haril
Guy Hoking
Grogovy Hapkin:

The following persons were on the halloting committee that approved ANSIIELE Sid 802.3b-1935

Tronald C. Louglhyy, Charr
fgenachem Abrabam, Chair, Type TOBROATSE

fFrid Hoang
Btephen Janshrgo
Donald Johnwon
Kwi-Yung Jung
Paul Kellam

Joo Kennady
Firoshi Eobuayasls
Lee LaBiarre

I Lare

Tony Lauck

John Laynor
Wiltianm Livingsten
Terey Lochky
ilugh Logan
.oland Long
James Locas

Ay Lugue
Daniel Mabtbic
Jozeph Mavor
Steven Moustakng
Narayan dMurthy
Wendetl Nolamine
Liowd Cliver

Soetion 113 for submission to the IBELR Siandards Boeavd:

Marshall Abrams
John Adnmy
Witlinm B, Admms
R, ahuja

Kit Athul

Willinm Ayen
Yong-Myuvng Baeg
Wosley A, Ballenger, Jr.
Edwsrds W, Bergamini
ek F. Boloy
George 8. Carson

o Chen

L. Y. Choung
Kilnam Chon

T, Ricky Chow
David Cohen

Allen I, Conrad

Tra W. Colton

Robert 8. Croveder
Michel Dinz
Mifehell G, Dunenn
Phifip 1. Enslow, Jx
Judith Estrin

Johin W, Fendrich
[Tarvey A. Freeman
Patzick Gonia
Ambuj Goyal
Michnel 1Y, Gracbner
Muris Graube
Nobuhiro Hamada
Joseph L. Hammond
Koewh W THarbaugh
3 M Hmris

J. Beotl Hupupdahl
Sharon Healy

¢, W, Hobbs

Jim B Hong

Paul L. Thitten
Richard 10(F

Cieorpe 1), Jelatig

2. Douglas densen
Uiuy Juanole

Siepal L, Junker
Karl B, Keltermayr
Miaden Kexunovic
Sumuel Ko

David Kallm

Basir L. Koia
Hirayr M. Kudyan
Takahiko Kuki

Les Laoliarre
Wai-Bum Lai
Valerie Lasker
Lanze 3. Leach
Tdweard ¥, 5. Lex
Stephen i, Leyin
20 L

Uanald C. Laugiay
dozeph iU P Lubukay
Wo Shun Lulk
Mares Marsan
Joseph Mass
Daercil B. Mekndor
Pairick 8, Melniosh
Mareo Mell

David 8. Millraan
Aditya N, Mishra
Richued J. Moff
David £, Morgan
Mike Morganti
Jiini Mort

Do), Morris

L T Mouftah

Dale A, Murray
Ruth Nelson

4. Duane Northeoutt
Chitrles Oestercicher
David Ofsevit
Young Oh

Do i98h (Section iy, 10 bad the

Tosk Foree

Andan Pl
David Patter
1Brie Raeson
Fugens Reilly
Joseph Rickert
Anthoay Rizevlo
Gary Rebingon
Timolhy Reck
Disvid Roos
Roliert Rozenthad
Jazeph St Amand
Walter Schreuey
Serniy Sirped
Dpetd Emith
Stephen Soto
Gary Sperncer
Robert Semmors
Pat Thader

Geoff Thompaon
Maihan Tobaol
Wendell Tomer
Mare Warshaw
aweid White

Mo Zonoun

George Parowski
Thomas b Phinney
Nikitas Pimopoules
David Poiter

Jabn Potverk

Gary 8. Robinzoen
Marya Repho
Robiart Rosenthal
(Ginn Poole Rossi
David J. Rypka

S, 1. Samoylenko
Norman F. Schincidewind
Oagar Sepulveds
Orars Serlin

13, Shepprd

HOWL Sunmens
Dinvig W. Sloyer
Stephen Soto

Tom Stack

Carel M. Stilebrcer
Fred Stravss

Gart W Stuck
Tatanya Suda
Peter Bugar
ffsiathios T Syl
Daniel T W, See
Ahmed N Tantaul
Maris Tokore

L C. Forng

Donald ¥, Towsley
Wei-Tok Tanl

M. Pauchiva
Richard Tung
Stisnke Turk

L. Bavid Umbaugh
Jamwez Vorhies
Pearl 8 €, Wang
Don Weir

Alan J. Wejsaherger
Willinus oJ, Wenher
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Barl J, Whitaker Michael Wiilett Georpe R Wood
Bryan S, Whiltle Donalid Wittman Tsong-He Wu

When the IJERE Standards Board approved ANSVIEEE 8td 802.3b-1985 (Seckion 11 un September 19,
1985, it had the following membership:

John B, May, Chair John P, Riganaiy,Vice Chair

Sava I. Sherr, Secrciary

James H. Bealt Jay Forater Lawrence V. MeCall

Fleteher J. Buckley
Rene Castenschiold
Edward Chelotii

Daniel L. Goldherg Donald T. Michgel*

Kerneth D, Hendrix
Trvin N, Howell

Trank L. Hose
Citfford 0. Swanson

Edward J. Cohen Jack Kinn J. Richard Weger
Paul G. Commings Jazeph L. Xeepfinger® W. B, Wilkens
Donald C. Fleckenstein Irving Kolodny Charles J. Wylie

R F. Lawrence

*Member emeritus
ANSVIEEE Std 802.3b-1985 was approved by the American National Standards Institute on February
28, 1986.

When the IERE 802.3 Working Group approved ANSVIRET Std 802.3e-1987 (Section 12) in November
1886, it had the following membership:

Denald C. Loughry, Chair
Robert Galin, Chair, Type 1BASES Tush Force

Menachem Abraliam
Keith Albright
Keith Amundsen
Jean-Pierre Astorg
R. V. Balakrishnan
Ian Barker
Charies Brill

Juan Bulnes
Robert Campbell
Luigi Cannvese
Albert Claessen
Micheel Coden
Bill Crenin

Peter Dawe

Peoter Desoulniers
Raymond Duley
Jefl Ebeling
Gianfranco Enrico
Alan Flotman
Richard Franaen
Marls Gerheld

Adi Golbert

Rich Graham
Richard Gumpertz
Hocere Horid
Lloyd Hasley

Haw Ming Haung
Charles Hoifnor
Michael Hughes
Donald Johnsen
Kize Johngon
Kawi-Yong Jung
Matt Kaltenbach
Paul Kellam

Scott Xesler
Hiroshi Kobaysshi
Hidetsune Kurokawa
Michuel Les

Lee LaBarre
Terry Loekyer
James Lueas
Andy Luque
Lucinne Marchitio
Steven Moustakas

Lioyd Oliver
Roy Picree

Bill Poaton

Eric Bewson
Joaeph Rickert
Gary Robinson
Timethy Rock
David Roos

Ed 8akaguchi
Walter Schreuer
Semir Siracsi
David Smith
Robert Summers
Peter Tarrant
Maork Taylor
Pat Thaler
Geoll Thompson
NMathan Tobo!
Carloes Tomagzewski
Joayshree Ullal
Joseph Wiencke
Bruce Williams

HPE 1022-0016



The following persons were on the balloting commiliee that approved ANSIAEEE Std 802.32-1987
(Seclion 12) for submission o the IEER Standards Board:

Marshall D. Abrams
William B, Adams
S, R, Alhuja

. D, Amer

It Athul

William Ayen
Eduavde W, Bergnmini
H. FF, Boley

Paui W, Campbell, Jr,
George 8. Carsen

Po Chen

L. Y. Cheung
Kitnam Chen

W. F. Chow

Michael Coden

A. F. Conrad

Fra Cotton

D. . Crotty

Robert 8, Crowder
Michel Dinz

N. L. Dimopoulas

M. G. Dunecen

P. M. Eltiot

Philip B, Enslow, Jr,
Judith Estrin

Jahn W. Fendrich
G. A, Fogpiato
Harvey A. Froeman
Robert J. Gagliano
T Gannon 111
Patrick 8, Gonia

R. L. Gorden

A. Goyal

M. I, Graebner
Maris Graube
Jogeph L. Hommeond
Stephen Harris

dJ, Seott Haugdahi
C. W. Hobbs

Paul Hutten

Richard 1Y

. D, Jenzon

Guy Juanole

5. L. Junker

Karl H. Kellermayr
M. Kezunovic
Samuel Kha

8. E. Kille

David Kollm
Takahiko Kuli

Lee LaBarre
Wai-Sum Lai
Lanse M. Leach
Edward Y. Lee

5. B. Levin

R. C. Lightburn

F. O Lim

William D. Livingston
Don C. Loughry
dJoseph I P. Luhukay
Wo-Shun Euk
Mareo Ajmione Maraan
Jozeph Massi
Mareco Meli

Darrel B. Mcindoe
P, 8. Meintosh
David 5. Millmzn
Aditya N. Mishra
David E. Morgan
Mike Morganti
Kanji Mox}

David Morris

H. H, T. Mouftah
Paie N. Murray

R. R, Nelson

J. D Northeut
Charles Qeatercicher
Young Oh

Ccorge Parowski
‘Thomas L, Phinney
David Potter

J. M. Potucel
Marya Repho
Gary S. Rebinson
Robert Rosenthal
Gian Paolo Rossi
David J. Bypka
8. I, Samaylenke

Norman I, Schneidewind

Omri Serlin

D. Sheppard

Ton Simmons

J. . Sinclair

L. Sinfonen
Stephen H. Sols
Tom Stack

Cargl M. Stillebroer
Fred Sirauss

Bart W, Stuck
Tatsuya Suda

. Bugar
Efstathios I, Bykas
Daniel T. W, Sze
Ahmed N. Tantaved
H. C. Torng

D, F, Towsley
Wei-Tek Tani
Musahiro Teuchiya
Stanko Turk

L. David Umbaugh
4. . Vorhies

Perrl 8, C, Wang
Don Weir

Alan J. Weisshurger
W. J, Wenker

LEari J. Whitaker
Bryan Whittle
Michael Willett
David C, Wood
Pgong-Tu Wu
Oren Yuen

‘When the IBEEE Standards Board approved ANSIIEEE Std 802.3¢-1987 {Section 12) on June 11, 1987, it
hiad the following membership:

Donald C. Fleckenstein, Chair Mareo W, Migliare,Vice Chair

Andvew G, Salem, Secretary

James H. Beall Leslie R, Kerr L. John Rankine
Dennig Bodson Jack Kinn John P, Riganati
Marshall L, Cain Irving Kolodny Gary 8. Itobinson
James M. Daly Joseph L, Reeplinger® Frank L. Rose
Stephen R. Dillon Edward Lohse Robert B, Rountree
Eugene P. Fogarty John May Sava 1. Sherr®

Jay Forster Lawrence V. McCall William R. Tackaberry
Kenneth D, Hendrix L. Bruce McClung William B, Wilkens
1rvin N. Howell Donald T, Michnel® Helen M, Wood

“Member emeritus

ANSIVIEEE Std 802.3e-1987 was approved by the American National Standards Institute on December
15, 1987, ‘
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When the IEER 302.3 Working Group approved ANSYIEEE Std 802.3h- 1900 {Section 33, i had {he foh
lowing membership:

Pronald €. Loueghyy, Clar
Andy J. Luaque, Chair, Layer Management Tusi Foree

Mennchem Abraham
John R Agee
Richard Andersen
Elkleehard Antz
Keith Amundsen
Susie Armstrong
R, V. Balakrishnan
Mark Bohrer
Richard Brand
Thomas Butler
Luea Caflero
Robest R, Campbell
Luigi Cannvese
decigues Christ
Mictiaet Coden
Robert Canie

Bl Cronin

Poter Cress

John DeCramer
fan Crayford
Wabil Damouny
Sanjay Dhawan
Raymond &. Duley
Paul Eastraan
Richard Ely
Gionframeo Enrico
Narman Erhacher
Steve Bvitts

Alan V, Flatman
Ingrid Fromm

el Gable

Bob Galin

Mark Gerhold
Rich Graham
Andreas Gufle
Richard Gumpertz
Clive Hallalt
Kevin Hamilton
Benny Hanigal
Lloyd] Hasley

The following personsg were on the balloting committee that approved ANSVIEEE Std 802.3h-1890 tor
submission to the IEEE Standards Board:

Willians Adnnms
Kit Athul

Witliam E. Aven
Ali Bahrololopmi
George 8. Carson
Chih-Teai M, Clien
Michael H. Coden
R. A, Conzer

R. 8. Crowder
Amdrow Davidson
Luis F, AL, De Moraes
N, L Dimopoulos
iitchel Dunean
dohn E, Emrich
John W. Fendrich
Harold C. Folis
[Earvey Freeman
Ingrid Fromm

13, G. Gan

Patrick Gania
Julio Gonzalez Sanz
Michael Graebner

W. B Hatfield
Stephen Houghey
Cari G. Haysse
Ariel Hendel
Chip Hicka
William Hingston
Chaorles Hoftuer
Ernie Jensen
Clarence Joh
Dieter W. Junkers
Donald O Jehnzon
Mize Johazon
Seott esler

Bob Kilgore
Yongbum Kim

il Kind

John Kineaid

Tadoyoshi Kitayans

Paul Kopera
David Kung
Michael Lee
Richard Lena
Yesoph Linde
Wayne Lindquist
T. D, Lockyer
James A Lueag
Tan Lyon

Kennetls MacLeod
Luciang Marchitto
Charles Morsh
Bob Matthys
Steven Moustakas
Nuvayan Murthy
Darey Nelson

Bob Nortos

Mike O'Connor
Chris Oliver
Lloyd Oliver
Kazuyuki Oznwa

Maris Graube

Jozeph L, Hanimond

Stephen Hasris

J. Seott Haugdshl
CAV.L. Hobbs
Chris Haich
Richuard J. LT
i Jain

M. Kezunovic
Samucel Khe

Tam Kusilara

Lee Litharre
Anthony B. Lake
Aize Lawler
Jaiyong Lec
F.C.Lim
Handolph 3. Little
William Livingston
Joseph Loa
Donald . Loughry
Apdy J. Lugee
Kelly 2. Mchoenald

ieith Onedern
Tony Peatfield
Petor Raueohery
Bill Revien
Gavy Robinson
Steven Robinson
Mom Samiaan
Fred Sammarline
Sian Sassower

I Sarles

Ronuld Sehmid(
Tem Schraiit
Frederick Schall
Ron Shani

Sorsie Seeart
dugepl Skorupa
David A Hmith
Bobr Hmith

steve Smith
Robert Bayder
Caraliom Stackins
Doavid . Stedn
Peter Tarrant,
Mark Taylor
Patricia Thaler
Douglns Thompsoen

Grofivey Q. Thempzar:

Nuthan Tobot

Carlea Tomaszewski

Herbert Uld
Sieven Ulrich
dohn Visser
Witlinm Wager
doseph A, Wienvko,
Broer Williame
Richard Willinms
Roper Wilmarth
aike Winen
Mark Wingrove
Nobushige Yokola

Diarreti B Melndue
Richard H. Miller
David 5. Millman
Adirya Mishra
John 15, Moniague
M.AP Morgonid
ICindi Mori

v Berris

BT, Moufial
Arne A WNilzzon

g

Charles Oestereicher

Young Oh

Themss L. Phinney
Rufot Pirzada

thie Paoch

Robiert &5, Printis
Murya 8. Repko
Juhia P Biganati
Gary S, Rebinsun
N, F. Sehneidewing
Manfred H, Seifert
N. A Sheppard

e T
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Glen Sherwood

R M. Bunmons
Lew Sintonen
Harey P Solomon
stobert K. Southard
John Spraging

Irank f Strawss
E, D. Syfiag

AN Tantaen
Nathan Tobal
Twi-Tel Teai
Divid L, Unabaugh

Jomes Vorkies
Dion Weir

AT Whesler
TarloJ. Whitaler
. ¢ Woed
George I3 Weighit

(. M. Stillebroor T A. Varetord Orens Yaen
When the IRRE Standards Board approved ANSVIERR Std 8028019840 on September 25, 1690, it had

the following membership:

Jomes W, Daly, Viee Chairman
Andrew G, Salem, Secretary

arco W, Migliave, Chairman

Penniaz Bodsen Kenneth IN Hendrix Lawrenee ¥, MeCzil
Paul L Borrdl Johu W, Horels . huce MeClung
Fletcher 4. Bockley dozeph L. Koeplinger Danald T, Michast?
Allen L. Clapp Irvieyy Koledny Stip Milsson
Stephen R Ditlon Michael A, Lawlor Ray P, Okhy

Tenald C. Fleckensiein Donald ). Louplivy Oary & Rebinson
Jay Forster?® John B May, Jr, Terrance R Whittemore
Themas L. Hannoan Donzld W, Zipse
=higmber Emerilus
ANSHIERE Std 802.3h-1990 wag approved by the American Nadional Standards Institute on March 11,
1991,
When the IREE 802.3 Working Group approved ANSIABEE Std 80231990 (Sections 13 and 14), i had the

following membership:

Donald ¢ Loughry, Chair'
Patrieia Thaler, Chair, Type I0BASE-T Task Force'

Menachem Abrabam
L.ue Adngenssens
John R, Agee

Heith Amundsen
Richard Anderson
Stephen d. Andersen
Bllehard Antz
Susie Armstrong

R. V. Balakrishnan
Roeberto Bortokli
{Iave Bethune
Mark Rohrer
Richard Brand
Thomas Butler
Luea Cafiero
Robert R. Camphel!
Luigt Canavese
Michael Coden
Hevin Cone

ftobert Conle

Nedl Coote

fan Craylord

Bill Cromin

TPuder Cronz

Joo Curcia

Nabil Damouny
Murk Darby

John DeCramer
Tazio M. Denicolo
Sanjay Dawan

Ed - .
iKPatz'zc!g Thaler, Current Chair
Richard Anderson, Curvent Chair

Poul (Skip} Kiy
Lichard iy
Naeman Frhacher
Sieve Evitis
Eldon Feist

Alan V. Flatman
Ingrid Fromm

Mel Gable

Robert Galin
Maork Gerhold
Andreas Guile
Richard Gumperiz
Chive Hallzet
Benay Hardgal

W. B. Hatlield
Stephen Haughey
Carl Q. Iaysszen
Ernie Jeneen
Clarence Joh
Donuld C. Johnsen
Mize Johnson
Twra Juhaisz
Uieter W. Junkers
Joed 5, Kalman
Rainer Kaps

Bab Kilgore
Yongbus Kim
Johu Kincald

Bil) Kisuel
Tadayoshi Kitaynma

Steven Reller
Paul Kopers
Leonid Koshovoy
Tod Kammert
David Kung
Michael Lebar
WMichael Lee
Richard Lethowitz
Richard Lena
Yozeph Linde

T, D. Lockyer
Antly . Lugos
Kemneth MacLend
Luciang Marchitto
Charles bt
Sicven Moosinkas
Narayan Murthy
Parey Nelson

ol Morlon

Mike OConnoy
Chiris Oliver
Lloyd Oliver
fieith Cpodern
Hozuyuki Ozawa
Charlez Palanzo
Tony Pealheld
PPeter Rautenberg
Bill Reyaen

vy Robinson
Steven Rabinson
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Paul F. Russo
Moni Samaan
F. Sarles

Stan Sassower
Raonald Schmidl
Ton: Schmild
Tredevicl Scholl
Ron Sham
Joseph Skorupa
BDavid A. Bmith

Bandula W, Abeysundara

William B, Adnans
Don Aclmore

Hasan S. Alkhatib
Jonathan Allan
Sule Arslander

Hit Athul

Michael Atkingon
Willinm B. Ayen
Yong Myunyy Baeg
Subhash Bhatin
Asa O. Bishop

Alan L. Bridges
Richard Cpasi
Mehmet U. Caglnyan
Anthony L, Carrato
George 8. Carzon
Brian J, Cazey
George C. Chachiz
Chih-T'szi Chen
Gerald W. Cichanowski
Miehiae! 11, Coilen
IKeith Collins
Rodney A, Conser
Robert Crowder
Jdose A, Cueto

T, Deravi

Ashwani K. Dhawan
Siyi Torry Dong
Mitchell G, Duncan
Andrew b. Dunn
Sourav Dutta

Ted Dzik

Hans Bklund

John E, Emrich
Richard G. Estock
Changxin Fan

John W, Fendrich
John N, Fergusen
Samuel Fineborg
Ernest L. Fogle
Hareld C, Folis
Sandra J. Forney
Harvey A. Freeman
ingrid Fromm
Bithan Froumine
Robert Gagliano
lanpe Ghongah
Patrick Gonia
Michael B. Graebner
Maris Graube
Abraham Grund
Crag Guarnieri
Sandor V. Hnlasz
doseph L. Hlammend
Clark M. Hoy

Lee A. Hollaar
Marsha D). Hopwnad
Anne B, Hortan
Genesio L. [fubscher
Wing Huen

Beb Smith

Sleve Bmith
Robert Snyder
Grabam Starkins
David E. Stein
Peler Tarrant
Maork Taylor
Daugias Thempson
Geofirey Thompson
Nathan Tobsl

Bob Jacobsen

Raj dain

Gerrit K. Jangsen
Jack R. Johnson
Redjo Juvenen
Richard H. Karpinski
Julian Kateley
Gary C. Kessler
Sansuel Kha

Jens Kolind

Vijaya Kenangi
Peter Kornerup

Jon Kramp
Stephen 3. Bruger
Thermas M. Kurihara
Anthony B. Lake
Lak Ming Lam
Glen Langden

Mike Lawler

Lange M, Lench
Johs E. Lerky
Jni-Yong Lee
Michael E. Lee
Lowis E. Leinenwober
in F'un Le

I, C. Lim

Ping Lin

Randelph 8. Litlle
William D. Livingaton
Maura Lelli

Wayne M., Loucks
Donald Loughry
Nam C, Low

Andy J. Lugue
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[mformation technology-—Local and metropolitan
area networks—

'Em‘i 3: Carrier sense multiple access with collision
/CD) access method and physical
layer specifications

1. Introduction

1 Overview

-1.1.1 Basic Concepis. The Carrier Sense Multiple Access with Collision Detection (CSMA/CD) media
ccose method is the means by which two or more stations share a commaon transmission medium. To
ansmit, a station waits (defers) for a quiet period on the medium (that is, ne other station is transmit-
ing) and then sends the intended message in bit-serial form. If, afier initiating & transmission, the mes-
age collides with that of another station, then each transmitling station intentionally sends a few
dditional bytes to ensure propagation of the collision throughout the system. The station remains silent
or a random amount of time (backoff) before atlempting to transmit again. Bach aspect of this access
rethod process is specified in detail in subsequent sections of this standard.

This is & comprehensive standard for Local Area Networks employing CSMA/CD as the access method.
‘Mhis standard is intended to encompass several media types and techniques for signal rates of from 1 Mb/s
“t0 20 Mb/g. This edition of the standard provides the necessary specifications for 10 Mb/s baseband and
roadband systems, a 1 Ml/s baseband syslem, and a Repeater Unit.

1.1.2 Architectural Perspectives. There are two important ways to view local area netwaork design cor-
-1esponding to

(1) Architecture. Emphasizing the logical divisions of the system and how they fit together.
42y Implemeniation. Bmphasizing actual compoenents, their packaging and interconnection,

- This standard is organized along architectural lines, emphnsizing the large-scals separation of the sys-
em into two parts: the Media Access Contro} (MAC) sublayer of the Data Link Layer, and the Physical
Laoyer. These layers are intended to correspond closely to the lowest layers of the ISO Model for Open Sys-
“fems Interconnection (see Fig 1-1). See IS0 7498:1984 1101.1 The Logieal Link Control (LLC) sublayer and
MAQC sublayer together encompass the functions intended for the Data Link Layer as defined in the 051
‘model.

1L.1.2.1 An architectural organization of the standard has two main advantages:

A1) Clarity, A clean overall division of the design along architectural lines males the standard clearer.
(2)  Flexibility, Segregation of medium-dependent aspects in the Physical Layer allows the LLC and
MAC sublayers to apply to a family of {ransmission media.

: Partitioning the Dala Link Layer allows various media access methods within the family of Local Area
etwork standards.

1
i ghn numbers in brackets correspond to those of Lhe references listed in 1.3; when preceded by A, they correspond to those Hsted in
L Annex,

i
|
i
i
i
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g 11
LAN Standard Relationship to the 180 Open Syetams Interconnection
{3EY) Beference Model

The architectural model is based an a sct of interfaces that may be different from thoze emphasized in
implementations. One critical aspect of the design, hovever, shall be addressed largely in terms of the

implementation interfaces: compatibility.

1.3.2.2 Two important compatibility interfaces arve defined within what is architecturally the Physieal
Layer.

(13 Medium-Dependent Interfuce (MDI). To communicate in a compatible manner, all stations shull
adhere rigidly to the exact specification of physical media signals defined in Section 8 (and beyond)
in this standard, and to the procedures that define correct behavior of a station. The medivm-inde-
pendent aspeets of the LLC sublayer and the MAC sublayer should not Lie taken as detraciing from
this point; communication by way of the IS0 8802-3 [IEEE 802.3] Local Area Network requires com-
plete compatibility at {he Physical Medium interfaee (that is, the coaxial eable interface).

(2) Attachment Unit Inferfauce (AUI. TL is anticipated that most DTEs will be located aome disiance
from their connection to the coaxial cable. A small amount of civeuitry will exist in the Medinm
Aitachment Unit (MAU) direetly adjacent 1o the eoaxial eable, while the mujority of {he hardware
and all of the software will be plnced within the IYPE. The AUL is defined as a second compatibility
interizee. While conformance with this interfiace is not strietly necessary to ensure communication,
it is highly recormmended, since it allows maximom flexibility in intermixing MAUs and DTEs, The
AUI may he 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 separnte MAU or its interconnecting AUI
eable. The PLS and PMA are then part of a single unil, and ne explicit AUT epecification is required.

1.1.3 Layer Interfaces. In the architectural maodel used heve, the layers interact by way of well defined
interfaces, providing services as specified in Sections 2 and 6, Tn general, the interface requirements are as
lollows:

32
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(1) The interface between the MAC sublayer and the LLC sublayer includes facilitios for transmitting
and receiving frames, and provides per-operation status information for use by higherdaver ervor
recovery procedurcs.

(2) The interface between the MAC sublayer and the Physical Layer includes signals for framing {ear-
rier sense, Lransmil initiation) and contention resolution {(collision detect), {aeilities for passing a
pair of serial bit streams (transmil, receive) between the tvo layers, and a wail function for timing,

These interfaces are deseribed 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 discogsed in Section 5.

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

1.2 Nointion

1.2.1 State Diagram Conventions, The operation of a protocol can be described by subdividing the pro-
toce! into & number of interrelated functions. The operation of the functions can be described by state dia-
gramg. Each diagram represents the domain of a function and consisis of a group of connected, mutuaily

xclusive states. Only one state of a function is active at any given time (see Fig 1-2).

STATE NAME

¥ MMESSAGE SENT>

TERMS TOENTER la . (conDITION)

TERWMS TO EXIT
STATE

[ACTIONS TAKEN)

Key: {} = condition, for example, {il no_coliision)
[ ] = aclion, for example, [reset PLS functions}
. = logical AND
+ = logical OR
Tw = Wait Time, implemontation dependernd
Td = Delay Timoout
Tb = Backoff Tinaout
UGT = uncenditional {ransition

Fig 1-2
State Diagram Notation Bxample

Bach state that the funclion can assume is represented by a rectangle. These are divided into two parts
by a horizontal line. In the upper part the state is identified by a name in eapital leiters. The lower part
containg the name of any ON sipnal 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
deseribed by short phrases are enclosed in parentheses,

State transitions and sending and receiving of messages oceur instantancously, When a state is entered
and the condition to leave that slate is not immediately fulfilled, the state executes continuously, sending
the messages and executing the actions conlained in the state in a continuous manner.
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Some devices described in this standard (e.g., repeaters) ave allowed o have two or more ports. Slie
diagrams capable of deseribing the operation of devices with an unspeeified mumibier of poris, requived qual-
ifier notation that allows testing for conditions at multiple ports. The notation used is a ferm that ineludes
a deseription in parentheses of which ports muet meet the term for the qualifier to be satisfied (e.g., ANY
and ALL). Yt is also necessary to provide for term-assignment statements that assign a nanie (o 4 port that
satisfies a qualifier, The following convention is used to deseribe a term-sssignment staferent that is agso-
ciated with a transition:

(1) 'The character *" (colon) is a delimiter used to denote that o term assignment statement follows.

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

ceding the arrow.

The state diagrams contain the authoritative statement of the functions they depict; when apparent con-
flicts between descriptive lext and state diagrams arise, the stale diagrams are io take precedence, This
does not override, however, any explicit description in the text that has na parallel in the state diagrams.

The models presented by state diagrams are intended as the primary specificalions of the functions to be
provided. It is important to distinguish, however, between a model and a real implementation. The models
are optimized for simplicity and clarity of presentation, while any realistic implemenlation may place
heavier emphasis on efficiency and suitability to a particular implementation technology. It is the func-
tional behavior of any unit that must mateh the standard, not its internal structure, The internal details of
the medel are useful only to the extent that they specify the external belinwvior clearly and precisely.,

1.2.2 Service Specification Method and Notation. The sevvice of a layer or sublayer is the set of
capabilities that iL offers to a user in the next higher (sub)layer. Abstract services are spocified here by
describing the service prismitives and parameters that characterize each service, This definition of service
is independent of any particular implementation (see Fig 1-3),

LAYER N LAYER N
SERVICE USER SERVICE USER

LAYER H-1
SERVICE PROVIDER

REQUEST

THAE

INDICATION

Tig 1-3
Service Primitive Notaiion

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

1.2.2.1 Classification of Service Primitives. Primilives arc of twe generic types:

(1) REQUEST The request primitive is passed {rom layer N to layer N-1 to request that a service he
initiated. .
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(%) INDICATION. The indication primitive is passed {rom layer Me1 to layer N to indicale sz internsl
layer N-1 event that is significant to layer N. This event may be logically relited to o remote sorvice
request, or may be caused by an event intenial (o layer N1,

The serviee primitives are an abstraction of the functional specifieation and the user-layer interaction,
The abstract definition does not contain local detail of the user/provider interaction. For instance, il doces
not indicate ihe local mechanism that aliows 1 user to indicate that it is awailing an incoming call. Bach
primitive has a set of zero or more parameters, representing data elements that shall be passed te qualify
the funciions invoked by the primitive, Parameters indicate information available in a user/provider inter-
action; in any particnlar interface, some parameters may be explicitly stated (even though not explicitly
defined in the primitive) or implicitly associated with the service nceess point. Similarly, in any particular
protocal specification, functions corresponding fo 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 particular
implementation is being used or identified. Therefure, 2 means of identifying each implementation is given
by a simple, three-field, type nolation that is explicitly stated al the beginning of each relevant section, In
greneral, the Physical Layer type ig specified by these fields:

<data rate in Mb/s> <medinm type> <maxinmum segment lengih (¢ 100 m)>

For example, the standard containg a 10 Mb/s baseband specification identified as “I'YPE 10BASES,”
meaning a 10 Mb/s haseband medivm whose maximum segiment length is 500 m. Each successive Physical
Layer specifieation will state its own unique TYPR identifier along similar lines.

1.2.4 Physical Layer Mesgsage Notation, Messages penerated within the Physieal Layer, either
within or between PLS and the MAU (that is, PMA circuitry), are desipnated by an italic {ype to designate
either form of physical or Jogical message vsed to execute the physical layer signaling process {for example,
input_fdie or maw_available).

1.3 References

[3] CISPR FPublication 22 (1985), Limils and Methods of Measurement of Radio Interference Characteris-
tics of Information Technology Bquipment.®

12] 1EC Publication 96-1, Radio-frequency cables, Part 1: General requirements and measuring methods.

{31 IRC Publication 86-1A, 1st Supplement to Radio-frequency cables, Part 1: Appendix Section 5.4, Ter-
minated triaxial test method for transfer impedance up to 100 MHz.

[4] [EC Publication 169-8 and -16, Radio-frequency connectors, Part 8: Radie-frequency coaxial connec-
tors with inner diameter of outer conductor 6.5 nom (0.256 in) with bayonet loclk-——Characteristic imped-
ance 50 ohms (Type BNC); Part 16: Radio-frequency coaxial connectors with inner diameter of oufer
conductor 7 mm (0.276 in) with screw coupling—Characteristic impedance 50 ohms {75 oluns) (Type N).

[51 TEC Publication 380, Safety of eleetrically energized office machines.

{6] 1EC Publication 435, Safety of data processing equipment.

2CISPR documents are available from the International Electrotechnien! Commission, 3 rue de Varembg, Cage Postale 131, CH
1211, Gendve 20, Switzerland/Buisse. CISPR documents are also available in the Uniled States from the Sales Department, American
National Standards Instiute, 11 Wast 42ad Street, 13th Floos, New York, NY 10036, USA.

NEC publications are availabie from IEC Sales Department, Cose Postale 131, 3 rue de Varembeé, CH-1211, Gendtve 20, Switzer-
land/Suizse. 1EC publientions are alse available in the United States {from the Snles Department, American National Standards Insti-
tute, 11 West 42nd Street, 13th Floor, New York, Y 10038, USA.
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[7] IEC Publication 807-2, Rectangular connectors for {freguencies below

3 MHz, Part 2: Detail specification for a range of conneetors with round contacta—Fized solder contact
Ly pes,

[8] 1BEC Publication 950, Safety of Information Technolopy Equipment, Including Blectrical Business
Equipment.

{9] IS0 2382-9 : 1984, Data processing—Vocabulary—Dart 09: Daga communication,”

{10] ISO 7488 . 1984, Information processing systems-open systems intereonncction-Basic reference
model.

[11) IBC Publication 60, High-voltage test techniques,

[12] JEC Publication 68, Environmental {esting.

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

[14] TEC Publicution 793-2, Uptieal fibres, Part 2: Product speciﬁcations.‘;

{15] 1EC Publication 794-1, Optical fibre cables, Part 1: Generie specification.
[16] IEC Publication 784-2, Optical fibres cables, Part 2: Product specifications,

[17] IEC Publication 825, Radiation safety of laser products, equipment claseification, requirements, and
user's guide,

[18] IBC Publication 874-1, Connectors for optical fibres and cables, Part 1; Generie specification.

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

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

[21] IS0 8877 : 1987, Information processing systems—Interface connector and contact assignments for
ISDN basic access interface located at reference points 8 and T.

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

Annex A,

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

120 publications are available from the ISO Central Seeretariat, Caze Postale 56, 1 rue de Varembé, CH-1211, Genbve 20, Switzer-
land/Suigse, [SO publications are also available in the United States from the Sales Deportment, American National Standards Insti-
tute, 11 West 42nd Stroet, 13th Floor, New York, NY 10036, USA.

5 Subsection 9.9 is to br read with the understanding that the following changes (6 1RC Publication 793-2 [14] have been reguested:
(1) Correction of the numerical aperture tolerance in Table 131 to 2 0.015.
(2} Addition of noother bandwidth entegory, of 2 150 MHz referved to 1 ki, for the type ALb fiber in Table 1L
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2. MAC Service Epecification

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 Nelwork
standard (see Fig 2-1). The services are described in an abstract way and do net imply any parcticular
implementation, or any exposed interface. There is not necessarily a one-lo-one correspondence between
the primitives and the formal pracedures and interfaces deseribed in 4.2 and 4.3.

osl LAN
REFERENCE MODEL CSMAICD
LAYERS LAYERS
APPLICATION © MIGHER LAYERS
PRESENTATION LLG
/| LOGICAL LINK CONTRGOL
Lk T
BESSION f’ MEDIA ACCESS CONTROL e b e
/ - (AU not
LS exposod
TRANSPORT ;71 PHYSICAL SIGNALING )
/
s, -
NETWORK ; : :
4 : B V|
s N .
DATA LINK / : [
PIMA WAL
PHYSICAL _
- ] | - MDL
:{, MEDIUM ;1{;
AUl = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT
MDI = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT

Fig 2.1
Service Specification Relation to the LAN Model
2.2 Overview of the Service
2.2.1 General Description of Services Provided by the Layer. The services provided by the MAC
sublayer allow the loeal LLC sublayer entity to exchange LLC data units with peer LLC sublayer entities.

Optional suppert may be provided for resetting the MAC sublayer eniity 1o a known state.

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

2.2.3 Overview of Interaciions

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 Bervice Bpecification
28,1 MA_DATA veguest

2,3.1.1 Function, This primitive defines the iransfer of dada fom o toesl LLC sublayer entity (o o sin-
gle peer LLC entity or multiple peer LLO entitics in the eage of group addresses.

2.8.1.2 Bemantics of the Service Primitive. The semantics of the privmiive are as {ollows:

MA_DATA request {
destination_address,
m_sgdit,
service_class
}

The destination_address parameter may speeily either an individust or & group MAC enfity addrese, It
must contain sufficient information to ereate the DA field that is appended to the frame by the local MAC
sublayer entity and any physieal information. The m_sduo parameter specifies the MAC service data unit Lo
be transmitted by the MAC sublayer entily. There is sufficient information agsocinted with m_sdu for the
MAC sublayer entity to determine the length of the data unit, The service_clazs parameter indicates »
quality of service requested by LLC or higher layer (see 2.3.1.5).

%.3.1,3 When Generated. This primitive is generated by the LLC sublayer entity whenever data shall
be transferred to a peer LLO entity or entities. This can be in response 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 Bifect of Heceipt, 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 particuiar media access method, and
pass the properly formed frame to the lower protocol layers for transfer to the peer MAC sublayer entity or
entities.

2.5.L.5 Additional Comments. The CSMA/CD MAC protoeo! pravides a single quality of service
regardless of the service_class requested.

2.3.2 MA _DATAindication

2.8.2.1 Function. This primitive defines the transfer of data from the MAC sublayer entity fo the LLC
sublayer entity or entities in the case of group addresses.

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

MA_DATA.indication (
destination_address,
source_address,
m_sdu,
receplion_status

3

The destinalion_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 MAD service data unit ag received by
the local MAC entify. 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 1o the
LLC sublayer entity or entities to indicate the arrvival of a [rame fo the local MAC sublayer entity, Such
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frames are reported anly if they are vadidly formed, received without errer, and their destinalion address
designates the local MAC entity.

2.85.92.4 BEffect of Reeaipi. The effect of receipl of this primitive by the LLC sublayer is unspecified.

2.8.0.55 Additional Comments, If the local MAC sublayer entily is designated by the destination_nd-
dress parameter of an MA_DATA request, the indication primitive will also be involed by the MAC entity
to the local LLC entity. This full duplex eharacteristic 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 broadeast address will invoke MA_DATAindication at all stations in the network
ineluding the station that generated the request),
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8. Mediz Acecess Control Frame Structure

8.1 Overview, This section deflines in detail the frame struciure for data communication sysiems 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 pavtition of the address space
into individual {single station) and group (multicast or multistation) addresses, and into user administered
and globally administered addresses.

811 MAC Frame Format. Figure 3-1 shows the eight fields of a frame: the preamble, Start Frame
Delimiter (SFFD), the addresses of the frame’s source and destination, a length field to indicate the length of
the following field containing the LLC data to be transmitted, a field that contains padding if required, and
the frame checl sequence field confaining a eyclic redundancy check value to detect errvors in received
frames. Of these eight fields, all are of fixed size except the LLC data and PAD fields, which may contain
any integer number of octets between the minimum and maximum values determined hy the specific
implementation of the CSMA/CD Media Access mechanism. See 4.4 for particular implementations.

7 OCTETS | PREAMBLE

10CTET  |gep
204 6 OCTETS | DESTINATION
ADDRESS
[ s
2 0R 6 OCTETS ;g‘éggg A OCTETS WITHIN
FRAME TRAHSMITTED
2 GCTETS |LERGTH TOP-TO-BOTIOM
LLC OATA
v anemiess b e armoaan
PAD

4 OCTETS |FRAME CHECIC SEQUENCE

159 M5B

b0 BITSWIEHIN b
FHRAME TRANSMITTED

LEFT-TORIGHT ——2s

Fig 3-1
MAC Frame Format

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

Relative to Fig 3-1, the octets of a frame are transmitied from top to bottom, and the bits of each octet are
transniitted from left to right.
3.2 Elements of the MAC Frame

3.2.1 Preamble Field. The preamble field is a 7-octet field that is used to allow the PLS circuilry to
reach its steady-state synchronization with the received frame timing (see 4.2.5)
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3.2.2 Start Frame Delimiter (35D) Field. The SFD ficld is 1he sequence 101010711 1 imunediadely fol
lows the preamble pattern and indientes the stuct of a frame.

3.2.3 sddress Fielda Each MAC frame shall contain two address fields: the Destination Addvess tield
and the Source Address field, in thul order, The Destivation Address field shall speeily the destination
addvesszen(s) for which the fravme s intended. The Source Address {ield shall identify the station from whieh
the frame was initizted. The representation of cach addross field shadl Le as follows (see Fig 3-21

(1) Each address ficld shall coniain either 16 bits or 48 bits. However, at any given thoe, the Sovree and
Destination Address size shall be the same for all stations on a particular local area network

{2y The support of 16 or 48 hit address tength for Seurce and Destination Address shall b left to the
manufacturer us an implementation decision. There is no requirement that manufacturers support
hoth sizes.

(3)  The first bit (LEB) shall be used in the Destination Address field as an address type designation bit
io identify the Destination Address either ss an individual or as a group address. In the Source
Address field, the first bit {s reserved and set to 0. If this bit is 0, it shall indicate that the address
Held containg an individual addvess, I this bitis 1, it shall iudicate that the address field contoins a
group address that identifies none, one or more, or all of the stations connected to the local area
network.

{4) For 48 bit addresses, the second bit shail e used te dislinguish between locally vr globally adininis-
tered addresses. For globatly administered (or U, universal}l nddeesses, the b is set to 0. If an
address is to be assigned loeally, this bit shall be sei to 1. Nete that for the broadenst addvess, this
bit is also a L

(5)  Rach ocict of cach address field shall be (ransmiticd least significant bit first.

A BIT ADDRESS FORMAT

s ATEN 415 (3T ADDREGYS

16 81T ADDRESS FORMAT

G 15 T ADREERS
G o= O i!ﬂ)' HDUF ]
G = 1 GROUP ADDEES
U/ e O GLDERLLY AMURISTERED 2
U s 1 LOCALLY ADRMINIGRTERED AD

Fig 342
Address Ficld Formut

3.2.3.1 Address Designatiorn. A MAC sublayer address iz of one of two types:

(1) Individual Address. The address associated wilh a partieular station on the network,
(2) Growp Address, A multidestination address, associnted with one or more stalions on o given net-
work. There are two kinds of multicast address:
{0y Multicasi-Group Address. An address associnted by higher-level convention with a group of log-
ieally related stations.
(b} Broadeust Address, A distinguished, predefined muliicast address that always denotes the sel
of all stationg on a riven local area network.

Al s in the Destination Address field {or 16 or 48 bit address size LANs) shall be predefined to he the
i3 {mdmst address. This group shall be predefined for each cormmunication medium to consist of all stutions
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geisvely comnceied to that neediuneg # shall be wsed fi broadeass to all the active stations on thal medium,
All stations shall be able (o recopgnize the Broadeast address [ s not necessary that a station be capable of
generating the Broadeast address,

The address space shell alzo be portittoned iofo locally sdministered snd globally administered
addreases, The natuve of @ bady and ih@ procedures by which 14 adminigiers these global (U addregses 1
heyoni the scope of this standard )’

3.2.4 Destination Address Field, The Desiinotion Address field specifics the stationts) for which the
5

[ 2

frame is intended. It may be an individual or multicast (including broadeast) addresa,

225 Bource Address Field. The Sovree Address lield specifies the station sending the frame. The
Source Address field is nol inferpreted by the CSMA/CD MAC sublayer,

2.9.6 Longth Field, The length field is a 2-octet field whoze value? indicates the number of LLC data
octets in the data field. If the value is less than the mindmum required for proper opeeation of the protucol,
a PATY field (a sequence of octeis) will be added at the end of the data field but prior (o the FOS field, speci-
fied below, The procedure that determines the zize of the pad fleld is specified in 4.2.8. The lengih field is
fransmitted fmd received with the high order octet first.

2.2.7 Data and PAD Fields, The data field containg a sequence of v octets, Full dota transpareney is
provided in the sense that any arbitrary sequonce of octet values may appear in the data field wp 1o o max-
fmuun number specified by the implomentation of this stzdard that is used. A winimum frame size is
required for correet COMA/CD protocol aperation and i speeified by the particular implementation of the
standard. [T necessary, the data field is extended by appending extra bits (that is, & pad) in unils of actets
after the LLC data field but pidor to caleslating and appending the POS. The size of ihe pad, if any, is deter-
mined by the size of the data field supplied by LLC and the minimum frame size and address size parame-
ters of the particolar implementation. The mazimum size of the data field iz deisvmined by the maximum
frame size and address size proameters of the particular implementation.

The length of PAD feld roquired for LLC data that is 0 oelets Iong is max (0, minFrameSize - (8 xn ¢ 2
% addressSize + A48) hits. The mazimum possible size of the LLC data field is maxPrameSize - (2 « address-
Hize + 488 octets, See 4.4 for a discussion of implemeniation parameters; see 4.2.3.3 for o discussion of the
minIrameSize.

3.2.8 Frome Check Seguence Field. A eyclic redundaney check (CRCY s vsed by the transmit and
veecive algorithms to generale a CRC value for the FCS ficld. The frame cheek sequence (IPCS) ficld con-
tains & 4-octet (32-hit) eyelie redundancy check (CRCY value. This value is computed as a funciion of the
eontents of the source <ldcllea~,, destination address, length, LLE date and pad (that is, all fields except the
preamble, SFI, and FCS). The ancoding is defined by the following genceroting polynamial,

Gy = %92 4 x20 0 w23 022 0 10 L i el w0 8 ¥ bl e w0

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

{1y The fivsl 32 bits of the frame ave comptementad,

(2} The n bits of the frame are then considered to be the coefficients of & polyonomial M) of degree n-1.
{(The firat bit of the Destination Address field corresponds to the x™ 1 {erm and the last bit of the
data field corresponds to the x% term.)

(3) MG is multiplied by %2 and divided by Gixz), ptud ueing a remainder Rix} of degree <31,

() The coefficients of T are considered to be a 32-bii sequence,

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

“Yor informstion vn how fo nue MAL addres e TEEE St 802-1800, Overview and Avchitecturs. To apply for an Orgenization-
ally Unigue Identifier for building a MAC address, cantact le Registralion Authority, IBEE Standurds Department, PO, Box 1333,
445 Hors Lane, Plscataway, NJ 08855-1331, USA; (B08) 562.3813; fax (908} 562-1571.

¢ Packets wilh a length field voidue greater thon these spoeified m 44,2 may be ippered, discarded, oy veed in g private manner. The
use of such packets 15 beyond the scope of Uhis standnrd,
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The 32 bits of the CRC value are placed in the frame check sequence field so that the %) {ern is the left-
most bit of the {irst octet, and the x° term iz the right most bit, of the last getet. (The bits of the CEC are
thus transmitted in the order 31, x30, | %1, x0) See referonce [A18)].

3.8 Order of Bit Treopsmission. Bach octet of the MAC frame, with the exception of the FCS, ig
transmitied low-order bit first.

3.4 Invalid MAC PFrame, An invalid MAG frame shall be defined as one that meets at least ane of the
following eonditions:

(1) The frame length is inconsistent with the length field.

(2) Itis not an integral number of octets in lengih.

(3) The bits of the incoming frame (exclusive of the FCS field itself) do not generate a CRC value identi-
cal ta the one received.

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

4.1.1 Overview. The architectural model described in Section 1 is used in this seclion 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, 1L is applicable to a general class of local area broadeast media suitable for use with the media access
diseipline known as Carrier Sense Multiple Access with Collision Detection (CSMA/CD),

The LLC sublayer and the MAC sublayer together are intended to have the same function as that
described in the OBY model for the Data Link Layer alone. In a broadeast network, the notion of a data link
between two network entities does not correspond directly to a distinet physical connection. Nevertheless,
the partitioning of functions presented in this standard requires two main functions generally associated
with a data link control procedure to be performed in the MAC sublayer. They ave as follows:

(1} Data encapsulation (transmit and receive)

(a) Framing (frame boundary delhmitation, frame synchronization)

(b) Addressing (handling of source and destination addresses)

{e) Brror detection (detection of physical medinm fransmission errors)
(2) Media Access Management

(a) Medium allocation (collision aveidance)

{In  Contention resolution (eollision handiing)

The remainder of this section provides a functional model of the C8SMA/CD MAC moethod.

4.1.2 CSMA/CD Operation, This section provides an overview of frame transmission and reception in
terms of the functional model of the architecture. This overview is descriptive, rather than definitional; the
formal specifications of the operations described here are given in 4.2 and 4.3, Specific implementations for
CSMA/CD mechanisms that meet this standard are given in 4.4, Figure 4-1 provides the architectural
maodel] deseribed functionally in the seetions that follow.

The Physical Layer Signaling (PLS) component of the Physical Layer provides an interface to the MAC
sublnyer for the serial transmission of bits onto the physical media. For completeness, in the operational
deseription that follows some of these functions are included as descriptive material. The concise specifica-
tion of these 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 fransmitied frame
addressed to the originating slation will be received and passed to the LLC sublayer at that station. This
characteristic of the MAC sublayer may be implemented by functionality within the MAC sublayer or full
duplex characteristics of portions of the lower layers,

4,1.2.1 Normal Operation

4.1.2.1.1 Transmission Without Contention. When a LLC sublayer requests the transmission of o
frame, the Transmit Data Encapsulation component: of the CEMA/CD MAC sublayer constructs the frame
from the LLC-supplied data. It appends a preamble and a start of frame delimiter to the beginning of the
frame. Using information passed by the LLC sublayer, the CSMA/CD MAC sublayer also appends a PATY at
the end of the MAC information field of sufficient length to ensure that the transmitted frame Iength 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 ervor 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 aveid contention with other traffic on the medium
by monitoring the carrier sense sipnal provided by the Physical Layer Signaling (PLS) component and
deferring to passing trafiic. When the medium is clear, frame transmission is initiated (after a brief inter-
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frame delay to provide recovery time for ether CSMA/CD MAC sublayers and for the physical medium),
The MAC sublayer then provides a serial stream of bitg to the PLS interface for transmizsion.

The PLS performs the taslk of actually gencrating the eleetrical signals on the medium that represent the
bits of the frame. Simultaneously, it monitors the medium and generates the collision detect signal, which,
in the contention-free case under discussion, remains off for the duration of the frame. A functional descrip-
tion of the Physical Layer is given in Bections 7 and beyond.

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

4.1.2.1.2 Beeception Without Contention. At each receiving station, the ayrival of a frame is first
detected by the PLS, which responds by synchronizing with the incoming preamble, and by turning on the
carrier sense signal. As the enceded bits arrive {rom the medium, they are decoded and transiated back
into binary data. The PLS passes subsequent bits up to the MAC sublayer, where the leading bits are dis-
cavded, np to and including the end of the preamble and Start Frame Delimiter.

Meanwhile, the Receive Media Access Managoment commponent of the MAC sublayer, having observed
earrier sense, has been wailing for the incoming bits {0 be delivered. Receive Media Aceess Managemont
collects bits from the PLS as long as the carrier sense signal remains on. When the carrier sense signal is
remaoved, the frame is iruneated to an ociet hovndary, if necessary, and passed to Reeeive Doia Decapsula-
Ltion for processing.

TReceive Tata Decapsulation checks the frame’s Destination Address field to decide whether the frame
ghould be received by this station. If so, it passes the Deslination Addreas {DA), the Source Address (SA),
and the LLC data unit (LLCDU) to the LLC sublayer along with an appropriate status code indicaiing
reception_complete or reception_too_long. It alse checks for invalid MAC {rames by inspecling the frame
check sequence to detect any damage to the frame enroute, and hy checking for proper octet-boundary
alignment of the end of the frame. Frames with a valid 'CS may also be checked for proper octet boundary
alignment.

4.1.2.2 Access Interference and Recovery, If multiple stations attempt to transmil ol the same
time, it is possible for them Lo interfere with each other'’s transmissions, in spite of their aitempts to avoid
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this by deferrimg. When transmissions from two sialions overla), the resulling contention s called a colli-
aion. A given stafion can expericnce aeollision duoiny the initial paet of 3 tronemission (he eollision win-
dowe) before its transimitied sigial has had tme 1o propmiate {o all stations on the CSMA/CD medinn,
Onee the collision window has passed, a trnnsmitiing stufion iz said in have acquired the mediom; subse
guent collisions are avoided since alt other (properly functiosing) stations can be assunied to huve noticed
the gignal (by way of carrier sense) and to be deferddng (o it. The time fo acguire the medium is thins based
ot the round-Lrip propagaiion iime of the physiesd Inyer whese elements include the PLE, PMA, and physi-
eal medium.,

in the event of a collision, the transmiiling stalion's Physical Layer initially notices the interference on
the medium and then twns on the coflision detoct signal. This is noticed in turn by the Transmit Media
Aecess Management componeni of the MAC sublayer, and collision Liandling begins. Firat, Transmit Media
Access Management enforces the collivion by transmitting a bit sequenee ealled jam. Tn 4.4 an implementa-
tion thal uses this enforcenient procedure is provided. This ensures that the duvation of the collision iz suf-
ficient to he noticed by the other tranpmitting siation(s) involved in the collision. After the jam is sent,
Trapsmit Medin Access Management ferminatos the fransmission and schednles another trangmizsion
atfempt after a randamly selecied time interval. Retransmission is attempied again in the face of repeated
collisions. Bince repeated eollisions indicate a busy medium, however, Tranamit Media Acecess Management
attempts io adjust to the nediung load by backing ofl (veluntarily delaying ils own vetransmissions {o
reduce its load on the medium). This is accomplished by expanding the interval fram which the randmn
rebransmission time is selected on caeh successive transmit atlempt. Bventually, either the transmission
sueceeds, or the atfempt is abandoncd on the assomption that the mediun hag failed or has become over-
loaded.

At the receiving end, the bits resulling from a collision are received and deeoded by the PLS just a3 ave
the bite of avalid frame. Fragmentary frames received during collisions are distinguished from valid trans-
mizsions by the MAC sublayer’s Reeeive Media Access Management component.,

4.1.3 Relationships to LLT Sublayer and Physical Layes. The CSMA/CD MAC sublayer provides
services to the LLO sublayer required for the iransmission and reception of frames. Access to these servicos
is specified in 4.3, The CSMA/CD MAC sublayer maukes a best efforl to acquire the medium and transfer a
serial stream of bits 1o the PLS. Although certain errovs are reported to the LLO, error recovery is not pro-
vided by MAC. Error recovery may be provided hy the LLC or higher (subjlayers,

4.1.4 CSRA/CD Access Method Functional Capabilities, The {following summary of {he funciional
capabilitics of the CSMA/CH MAC sublayer is intended as a quick reference puide to the capabilities of the
standard, as depicted in Fig 4-2:

{1) TFor Frame Transmission
{a) Accepls dats from the LLO sublayer and constructs a frame
(I Presenis a bit-serial data siveam to the shysieal layer for iransmission on the medinm

ROTE: Assumes data passed from the LLC sublayer are cetel multiples,

(2}  For Frame Reeeplion
(a} TReeeives a bit-serial data stream {rom thoe physieal layver
(h) Presenis to the LLC sublayer frames ihat are esther broadeast {rames or divectly addressed to
the local station
ey Discards or passes to Network Management all frames not addressed to $he receiving station
€3)  Delors transmission of a bit-serial streum whenever the physical medinm {s busy
Appends proper FOS value to oulgoing {rames and verifies full octel boundary alignment
(5)  Checks incoming frames for transmission errors by way of IPCS and verifies octer boundary align-
ment
(6) Delays transmission of frame bit slream for spoeified interframe gap period
{7)  Halts transmigsion when collision is detected
(8) Schedules retransmission aller a collision until a specified retzy limit is reached
(2 Enforces collision to ensure propagation throughout netwoerk by sending jam message
(10) Discards received fransmissions that are less than o minimum length
{11} Appends preamble, Siart Frame Delimiter, DA, SA, length count, and F'CS (o rll frames, and inserts
pad field for frames whose LLC data length is less than a minimum valoe

Lo
1
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(12) Removes preamble, Btart Frame Delimiter, DA, 8A, length count, FCS and pad field (if necessary)
from received frames

LLC SUBLAYER
tomm  ACCESS TO 010 BUBLAYER e e
THANSMT RECENT
DATA EHCAPBULATION gATA DECAPSULATION
12 Y]
I ~
W |
TRANSMIT MEDIA RECEME MEDIA
ACCESS MANAGEMENT ACCESRS HANAGEMENT
234678101 285912
T ACGESS TO PHYSICAL ITERFACE —
TRANSHIT HECENVE
DATA ERCODING DATA DECODING

PHYSICAL LAYER SIGNAURG
NOTE: Numbera refer io funclions linted in 4,14,

Fig 4.2
CEMAICD Medin Access Control Funciions

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

4.2.1 Introduction. A precise algorithmic definition is given in this section, providing procedural model
for the CSMA/CD MAC process with a program in the computer language Pascal. See references [A2] and
[AL17] for resource matevinl. Note whenever there is any apparent ambignity concerning the definition of
some aspecl of the CEMA/CD MAC methed, it is the Pascal procedural specifieation in 4.2.7 through 4.2.10
which should be consulied for the definitive statement. Sections 4.2.2 through 4.2.6 provide, in prose, a
deseription of the access mechanism with the formal terminology to be wsed in the remaining subsections,

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 Ianguage Pascal. This procedural model is intended
as the primary specification of the functions to be provided in any CSMA/CD MAC sublayer implementa-
tion. Tt is important to distinguish, however, between the model and a real implementation. The model is
optimized for simplicity and clarity of presentation, while any realistic implementation shall place heavier
emphasis on such constraints as efficiency and suitability te a particular implementation technology 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 execuled by o compulen
The implementation may consist of any appropriate technology including hardware, firmware, soft-
ware, or any combination.

(2) Similavly, 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 procedoral 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
gense that frames are handled as single entities by moest of the MAC sublayer and are only serial-
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ized for presentation lo the Physical Layer In veality, many lmplementaiions will instead handle

frames serially on a bit, oetet or word basis, This approach has net been reflecied in the proeedural

model, since thiz only complicates the deseription of the funclions without changing them in any

way, .

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

these algorithms collectively implement the CEMA/CD procedure. The timing dependencies infro-

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 o external events, in the sense that a process never falle behind in itz work and fails to
respond 0 an external event in a timely manner, For example, when a firame is to be received,
it 15 agsumed that the Moedia Access procedure ReceiveFrame is always ealled well before the
frame in gueslion has started to arrive.

(b)) Processes Versus Processes. Among procesees, no assumptions are made about relative speeds of

execution. This means that each interaction belween two processes shall be structuved to work
correctly independent of their respective speeds, Note, however, that the timing of interactions
among processes i often, in part, an indirect veflection of the timing of external events, in
which case appropriate timing assumptions may still be made.

H iz intended that the concurrency in the model reflect the parallelism intrinsic to the task of imple-
menting the LLO and MAC procedures, although ihe aclual parallel siructure of the implementations is
likely to vary.

4,2.2.2 Use of Pazeal in the Procedural Model, Several observations need to be made regarding
the method with which Pascal is used for the model. Some of these observations are as {ollows:

(n

Some limitations of the languapge have heen circumventied Lo simplify the specification:

{a) The elemenis of the program (variables and procedures, for example) are presented in logical
groupings, in top-down order. Ceriain Pascal ordering restrictions have thug been circum-
vented to improve readability.

(by  The process and cyele constructs of Concurrent Pascal, a Paseal derivative, have been intro-
duced to indicate the sites of autonomous concurrent activity. As used here, a process is simply
a parameterless procedure thal begins execution at “the beginning of thme” rather than buing
invoked hy a procedure call. A cycle statement represents the main body of & process and is
exceuted repeatedly forever.

(¢} The lack of variable array bounds in the language has been civcumvented by treating frames as
il they are always of a single fixed size (which is never aetually specified). The size of a frame
depends on the size of its data field, henee 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 {rame.

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

The model makes no use of any exphicit interprocess synchronization primitives. Instead, all inter-
process interaction is done by way of earefully atylized manipuliation of sharved variables. For exarm-
ple, some variables ave set by only one process and inspected by another process in such a mauner
that the net resuli is independent of their execution speeds, While such technigues are not generally
suitable for the constroction of large concnrrent programs, they simplify the model and more nearly
vegemble the methads appropriate fo the most Hkely implementation technologies (microcade, hard-
ware state-machines, efc.}

4.2.2.3 Orgenization 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-
cesges are provided by the clients of the MAC sublayer (which may include the LLC sublayer) and utilize
the interface operations provided by the MAGC sublayer. The five processes are thus:

(1}
(2}
3

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

This organization of the medel is illustrated in Fig 4-3 and refleets the fact that the communieation of
entire frames is initiated by the client of the MAC sublayer; while the timing of collision hackoff and of
individual bit transfers is based on interactions between the MAC sublayer and the Physical-Tayer-
dependent bit time,
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Fig 4-8
Helationship Among CBMA/CD Procedures

Figure 4-3 depicts the static structure of the procedural maodel, showing how the various processes and
procedures interact by invoking each other. Figures 4-4 and 4-5 summarize the dynamic behavior of the
model during transmission and reception, focusing on the steps that shall be performed, rather than the
procedural structure that performs them. The usage of the shared state variables is not depicted in the fig-
ures, but is described in the comments and prose in the following seclions.

4.2.2.4 Layer Management Extensions to Procedural Model. In order to incorporate network
management functiony, thiz Precedural Model has been expanded beyond that in ISO/IEC 8802-3 : 1990.
Network managemenl 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 Paseal 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 dlC‘ only required if Layer Management is being implemented.
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These changes do not affect any aspect of the MAC behavior as ohserved at the LLO-MAC and MAC-PLE
interfaces of IBO/IEC 8802-3 : 1990,

The Pascal procedural specification shall be consulted fov the definitive statement when there is any
apparent ambiguily concerning the definition of some aspecl of the CSMA/D 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 outgeing 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 detee-
tion and enforcement, and collision backoff and retransmission.

4.2.3,1 Transmit Dals Bncapsulation

4.2.3,1.1 Trame Assembly, The ficlds of the CSMA/CD MAC frame ave set to the values provided
by the LLC sublayer as arguments fo the TransmitFrame operation (sce 4,3} with the exception of the pad-
ding necessary to enforce the minimum framesize and the frame check sequence that is set to the CRC
value generatad by the MAC sublayer

4.2.3.1.2 Frame Check Segunence Genervation. The CRC value defined in 3.8 is generated and
inserted in the frame check sequence field, following the fields supplied by the LLC sublayer.

4.2.3.2 Transmit Media Access Manngement

4.2.3.2.1 Carrier Deference. Even when it has nothing to transmit, the CSMA/CD MAC sublayer
monitors the physical medium for traffic by watehing the carrierSense sigmal provided by the PLS. When-
ever 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 pagsing frame (that is, when carrierSense changes from
true to false), the CSMA/CD MAC sublayer continues lo defer for a proper interFrameSpacing (see
4,2.3.2.2).

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

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

NOTE: 1t is pogsible for the PLS carrier sense indication to fail 1o be asserled briefly during a collision on the media. If the Deference
process simply mes the interFrame gap hoged on this indieation it iz pozsible for a short interFrame gap to be geperated, loading fo
a polentinl receplion faiture of a subscquent frame. To enbanee system robustness the following optional measures, as specifind in
4.2.8, are recommended when iaterPrame SpocingPartl iz other than zero;

(1) Upbn compleling a trangmission, start timing the interpacket gap as soon as trapsmitting and carrierSense are both flse.

{2) When titning an interPrame gap following reception, reset the interPrame gap timing il earrierSense bocomes true during the fivat
2/3 of the interlrame gap timing interval, During the fina! 1/3 of the interval the timer shall not be resel to ensure fair access e the
medinm, An initial perisd shorter than 243 of Lhe interval is permissible including zero.

4.2.3.2.2 Interframe Spaeing. As defined in 4.2.3.2,1, the rules for deferring to passing framoes
ensure a minimum interframe spacing of interFrameSpacing seconds. This is intended to provide inter-
frame recovory time for other C8MA/CD sublayers and for the physieal medium.
Note that interFrameSpacing is the minimum value of the interframe spacing. If necessary for imple-
mentation reasons, a transmitting sublayer may use a larger value with a resulting deerease in its
throughput, The lavger 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 bas staried
transmission, it ig 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 eollision handling are largely determined by a single parameter called ihe slot time.
This single parameter describes three important aspects of collision handling:
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(1} It is an wpper bound on the acquisition thme of the mediun.
{2y It is an upper bound oo the lenglh of a frame fragment generated by o collision.
(1 s the scheduling quantuim for retransmission,

To fulfit] all three {functions, the slot time shall be farger than the suin of the Physieal Layer round-trip
propagation {ime and the Media Access Layer maximum jam time. The slot time is defermined by the
parameters of the implementation, see 4.4,

4.2.8.2.4 Collision Detection and Enforcement. Collisions are detected by monitoring the eolli-
sionDetect gignal provided by the Physical Layer. When a collision iz defecied during a frame transmis-
sion, the transmission is not terminated immedintely, Instead, the transmission continues until additional
hits specified by jamSize have been trangmiited (couniing from the time collisionDetect went on), This col-
tision enforcement or jam guarantees that the duration of the collision is sufficient to ensure its detection
by all transmitting stations on the nelwork. The content of the jam is unspecified; it may be any fixed or
variable pattern convenient to the Medin Access implementation, however, the implementiation shall not be
intentionally designed to be the 32-bit CRC value corresponding to the (partial} frame transmitted prior to
ihe jam.

£.2.3.2.5 Collizion Backoff and Retransmission. When a transmission attempt has terminated
due to a collision, it is retried by the transmitting CSMA/CD sublayer unlil either it is successful or a max-
imum number of altempts (atternptLimit) have been made and all have terminated due to collisions. Note
{hat all attempts to fransmit a given frame are completed before any subsequent outgoing frames are
transmitted. The seheduling of the retransmissions is determined by a controlled randomization process
called “truncated binary exponential backoff.” At the end of enforeing a collision (jamming), the CSMA/CD
sublayer delays hefore attempting to vetransmit the frome. The delay is an integer multiple of slotTime.
The number of slot times to delay before the nth retransmission attempt is chosen as a voiformly distrib-
uted random integer v in the range:

G=<yp< 2k
whoye
k = min {n, 10}

{ all attemptLimit attempts fail, this event is reporied as an error. Algorithms used to generate the inie-
ger v should be designed to minimize the correlation between the numbers generated by any two stations
al any given {ime,

Note that the values given above define the most aggressive behavieor that a station ray exhibit in
attempting to retransmit afier a cellision. In the course of implementing the refransmission scheduling
procedure, a station may introduce extra delays that will degrade its own threughput, but in no case may a
station’s retransmission scheduling result in a lower average delay between retransmission attempis than
ihe procedure defined above.

4.2.3.8 Minimum FFrame Size, The CSMA/CD Media Access mechanism requires that & mininmam
frame length of minFrameSize bits be transmitted. If frameSize is less than minTrameSize, then the
CSMA/CD MAC sublayer shall append extra bits in units of octets, after the end of the LLC data ficld bui
prior to ealenlating, and appending, the FCS. The number of extra bits shall be sufiicient to ensure that the
frame, from the DA field through the 'CS field inclusive, is at least minFrameSize bits, The content of the
pad is unspecified.

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

(1} Receive Data Decapsulotion 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.

55

HPE 1022-0055



1SCIRC 8502-3 ¢ 1993
ANSHIER Std 802 3, 1991 Edition LOUCAL ARND METHOPOLITAN ARTA NETWORIS:

4.2.4.1 Receive Data Decapsulation

424101 Address Recogaition. The CSMA/CD MAC subloyer is capable of vecognizing individual
and group addresses.

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

(2} Group Addresses. The CSMA/CD MAC sublayer recognizes and aceepls any frame whose DA field
containg the Broadeast address.

The CSMA/CD MAC sublayer is capable ol activating seme number of group addresses ns specified by
higher layers. The CSMA/CD MAC sublayer recognizes and accepls any frame whose Destination Address
ficld contains an active group address. An active group address may be deactivated.

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

4.2.4.1.3 Frame Disaszembly. Upon recognition of the Start Frame Delimiter at the end of ihe pre-
amble sequence, the CSMA/CTY MAC sublayer accepts the frame. If there are no ervors, the frame is disas-
sembled and the fields are passed to the LLC sublayer by way of the outpui parameters of the
Receivelrame operation,

4.2.4.2 Receive Media Access Management

4.2.4.2.3 Framing. The CSMA/CD sublayer recognizes the houndaries of an incoming frame by
monitoring the carrierSense signal provided by the PLS. There are two possible length errors thai can
oceur, that indicate ill-framed data: the frame may be too long, or its length may not be an integer number
of actets,

(1) Meximum Frame Size. The receiving CSMA/CD sublayer is not vequired to enforee the frame size
limit, but it is allowed to truncate frames longer than maxFrameSize octets and report this event as
an (implementation-dependent} errvor,

(2)  Integer Number of Octets in Frame. Since the format of a valid frame specifies an integer number of

octets, only a collision or an error can produce a frame with a length thot is not an integer 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 octels are truncated to the nearest octet boundary. If frame check
sequence validation detects an error in such a frame, the status code alignmentBrror is reported.

4.2.4.2.2 Collision Filtering, The smallest valid frame shall be at least one siotTime in Jength.
This determines the minFrameSize. Any frame containing less than minFrameSize bits is presumed 1o be
a fragment resulting from a colligion. Since oceasional collisions are 2 normal parl of the Media Access
management procedure, the discarding of such a fragment is not reported as an ervor to the LLC sublayer.

4.2.5 Preamble Generation. In a LAN implementation, most of the Physical Layer components are
allowed to provide valid output some number of bit times after being presented valid input signals, Thus it
is necessary for a preamble to be sent before the start of data, {o allow the PLS circuityy to reach its steady-
state. Upon request by TransmitLinkMgmt to transmit the fivst bit of a new frame, PhysicalSignalEneap
shall first transmit the preamble, a bit sequence used for physical medivm stabilization and synchroniza-
tion, followed by the Start Frame Delimiter. H, while transmitting the preamble, the PLS asserts the colli-
sjon detect signal, any remaining preamble bits shail 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 ag a periodic waveform on the medium that enahles bit synchronization. I sheould
be noted that the preamble ends with a “0.”

R e
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4.2.6 Btert FPrame Sequence, The PLS recognizes the presenee of setivity on the moedinm through the
carrier sense signal, This i the first indication that the frame reception process should Begin. Upon recep-
tior uf the sequence 10101011 immediately following o latier port of the preamble patiern, PhysicalSignals
Decap shall begin passing successive bits lo ReceiveLinkMpmt for passing to the LLC sublayer

4,2.7 Global Beclarations, This scction provides detailed formal specifications for the CSMA/CHD MAC
sublayer. It is o specification of generie features and pavameiers to be used in systems implementing this
medin access method. Subsection 4.4 provides vadues for these sets of parameters for recommended imple-
mentations of this media access mechanism.

4,271 Common Constants and Types. The followhig declarations of constants and types are used
by the frame transmission and reception sections of each CEMA/CD sublayer:

const
addressSize = ... 1 16 or 48 bils in compliance with 3.2.5
tenpthSize = 16; {in bits)
LLCdalaSize = ...; {LLC Data, see 4.2.2.2, (1))
padSize = ,..; {in bits, = max (0, minFrameSize - (2 x addressSize + lengthSize + LLOdataSize +
ereSizel)},
dataSize = .. ; {= LLCdataSize + padSize)
creSive = 32: {32 bit CRC = 4 octets]
frameSize = ... [= 2 » addressSize + lengthSize + dataSize 4+ ereSize, see 4.2.2.2(1)}
minFrameSize = ... {in bits, implementation-dependent, see 4,41
stotTime = ... ; {unif of time for collizion handling, implementation-dependent, see 4.4}
preambleSize = ... ; {in bits, physical-medium-dependent}
s{dSize = 8; {8 bit start {rame delimiter}
headerBize = ...; {sum of preambleSize and sfdSizel
type
Bit=0.1;
AddressValue = array [1.addressSize] of Bit;
LengthValue = array [1. lengthSizel of Bit;
DataValue = array [1..dataSize} of Bit;
CRCValue = array {1..ereSize] of Bit;
PreambleValue = array [1..preambleSize] of Bit;
SfdValue = array |1..sfdSize] of Bit;
ViewPoint = {fields, bils); {Two ways to view the cantents of a frame}
HeaderViewPoint = (headerFFields, headerBits):
Frame = recard {Format of Media Access friame)
case view: ViewPoint of°
fields:
destinationField: AddressValue;
sourcelficld: AddressValue;
tengthiield: LengthValue;
dataField: DataValue;
fesTield: CRCValue);
bits: (conients: arrey (1. rameSize] of Bit)
endy [Frame)
Header = record {Formak of preamble and start frame delimiter}
case headerView | HeaderViewPoint of
headerFields : (
preamble : PreambleValue;
sfd ; SfdValue);
headerBits : (
headerContents : erray (1. headerSizel] of Bit)
end; [defines header for MAC framej
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4.2.7.% Transmit Stale Variables. The following ilems are speeific (o frame tranwinission. (See also
4.4}

const

interFrameSpacing = ... ; {minimum time befween frames)

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

interFrameSpacingPari2= ...;lduration of remainder of interFrame timing. Egual to
interFrameSpacing ~ interFrameSpacingPart1}

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

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

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

var
outgoingFrame: Frame; {The frame to be transmitted)
outgoinglleader: Header;
eurrentTransmitBit, lastTransmitBit: 1. frameSize;
{Positions of current and last outpoing 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 deferringl
attempis: G.attemptLimit; (Number of transmission attempts on outgoinglrame}
newCollision: Boolean; {Indicates that a coliision has occurred but has not yel been jammed)}
transmitSucceeding: Boolean; (Running indicator of whether transmission is succeeding)

4,2.7.3 Receive State Variabhles. The following items are specific to frame reception. (See alzo 4.4.)

uar
incominglframe: Frame; {The frame being received}
currentReceiveBit: 1.frameSize; {Position of current bit in incominglrame}
receiving: Boolean; {Indicates that a frame reception is in progress!
excessBits: 0..7; {Count of excess trailing bits beyond oetet boundary)
receiveSucceeding: Boolean; (Running indicator of whether reception is succeeding)
validLength: Boolean; {Indicator of whether received frame hag a length error}
exceedsMaxLength: Boolean; {Indicator of whether received firame has a length longer than the
maximum permitted length}

4.2.7.4 Summary of [uterlayer Interfaces

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

iype
% TransmitStatus = (transmitDisabled, transmitQOK, excessiveCollisionError);
{Rosult of TransmitFrame operation}
ks ReceiveStatus = (receiveDisabled, receiveQK, frameTooLong, frameCheackError, lengthError,
alipnmentError); {Resull of ReceiveFrame operation}

Function TransmitFrame (
destinationParam: AddressValue;
sourceParam: AddressValne;
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 cutgoing bits)
wasfransmitting: Boclean; {Indicates transmission in progress or just completed}
collisionDetect: Boolean; {Indicates medium contention)

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

function ReceiveBit: Bit; {Receives one bit}

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

4.2.7.5 State Variable Initialization. The procedure Initialize must be run when the MAC sublayer
beging operation, before any of the processes begin execulion. Initialize sets certain erucial shared state
variables to their initial values. (All other global variables are appropriately reinitialized hefore each use.}
Initialize then waits for the medium {o be idle, and starts operation of the various processes.
If Layer Management is implemented, the Initialize procedure shall only be called as the result of the
initializeMAC action (5.2.2.2.1).

procedure Initialize;
begin
frameWaiting .= false;
deferring := false;
newCollision := false;
transmitling = false; {In interface Lo Physical Layer; see below)
recelving = false;
while carrierSense do nothing;
[Start execution of all processes)
end; {Initialize]

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

function TransmitFrame (
destinationParant AddressValue;
sourceParam: AddressValue;
lengthParam: LengthValue;
dataParam: DataValue): TransmitStatus;
procedure TransmitDataBEncap; ... (nested procedure; sce bedy below)
begin
if transmitEnabled then
begin
TransmitDataEncap;
TransmitFrame = TransmitLinkMgmt
end
else TransmitFrame ;= iransmitDisabled
end; {TransmitFrame}

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

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

procedure TransmitDataEncap;

begin
with outgoingFrame do
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begin lussemble frame)
view = fields;
destinationlield := destinationParanm
strree¥isld = sourcePaiam;
fength¥Field = lengthParam;
datalield := ComputePad {lengthparam, datal’aramy
fesPield (= CRC32(outgoingFrame);
view = bits

end {assemble frame)

with outgoingHeader do

hegin
headerView = headerFields,
preamble = . {* 1010...10, LSB to MSB*)
sfd = . (10101011, LSB to MSB#
headerView = headerBils

end

end; {TransmitDatalneap)

somputePad appends an array of arbitrary bits (o the LLCdataField to pad the frame to the minimum
frame size,

function ComputelPad(

var lengthParam:LengthValue

var dataParam:DataValue) :DataValue;
begin

ComputelPad = (Append an array of size padSize of arbitrary bits to the LLCdataField)
and;|ComputePadParam)

TransmitLinkMgmt aitempts to transmit the frame, deferring first to any passing traffic. If a collision
oceurs, transmission 18 terminated properly and retransmission is scheduled following a snitable backoff
interval:

funciion TransmitLinkMpmt: TransmitStatus;
begin
attempts = 0; transmitSucceeding = false;
lateCollisionCount = 0;
deferred = fulse; {initinlize}
excessDefer = false;
while(atiempts < attemptLimit) and (noi transmitSuceceding )Xo
begin {loop]
if atternpts > O then BackOff;
rameWaiting := trug;
lateCollisionError = false;

) while deferving do {defer Lo passing frame, if any}
begin
nothing;
deferred = true:
endd;

frameWeiting = false;
Star{Transmit;
while transmitling de WatchForCollision;
if lateCollision Error then lateCollisionCount = lateColiisionCount + 1;
attempts = aitempts+l
end; (loop)
if transmitSucceeding then TransmitLinkMgmt = {ransmitOK
efse TransmitLinkMgmt (= excessiveColisionEvror;
LayerMgmiTransmilCounters; {update transmit and transmit ervor counters in 5.2,4.2)
end; {TransmitLinkMgmt]
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Each time a frame transmission attompt 15 initisted, StartTronemil is called to elerl the BitTransniici,m
provess that b transmission should begin:

proceduse MarlTransmit;

begin
enrrentTransmitBit = 1;
LasTranamitBit = frameSize;
transmitSucceeding = true;
transmitiing = frue;
fastHeaderBit = headerSize

end; (StartTransmit)

Once frame transmission has been initiated, TransmitLinkMgmt monitors the mediam for contention by

repeatedly calling WatehForCollision: :
:
provedure WatchTorColliston;
begin ;

i transmitBucceeding and collisionDetect then
begin

if currentTransmitBit > (minFrameSize ~ headerSize) then
lateColitsionDrror = {rue;
newCollision = {rue;
transmitSuceeeding ;= false
end
cnd; [WatehForCollision!

WalchForCollision, upon detecting a collision, updates newCollision to ensure proper jamming by the
BitTransmitler process. The current transmit bit number iz checked to see if this is a late collision. If the
collision cecurs later than a collision window of 512 hit times into the packet, it is considered as evidence of
a late collision. The point at which the collision iz 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 refransmission attempts afier a late collision is detecied,

After transmission of the jaom has been completed, if TransmitLinkMgmt determines that another
attempt should be made, BackQff is called to schedule the next atiempt to retranamit the frame.

var maxBack O 2.,.1024; {(Working variable of BackOff
procedure Back Off;
begin

i attempts = 1 then maxBackOff = 2

4 vise if attempts § backOfiLimit

§’ then maxBack O := maxBackOff x 2;

| Wait{slotTime » Random(), maxBackOfThH

é end; {BackOff}

§ funciion Random {low, high: integer): integer;

§ hegin

Z Random = .. {funiformly distributed random integer 1 such that lovw < v < highl

end; {Random]

BackOff performs the {runcated binary exponential backelT ecompuiation and then waits for the selected
multiple of the slot time.

The Deference process runs asynchronously Lo continuously compute the proper value for the variable
deferring,

progess Deference;
begin
eyelelmain loop}
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while not carrierSense o nothing; (watch lor earrier to appear)
deferring := {rue; {delay start of new transmizsions}
wasTransmitbing = transmitting;
while carrierSense or transmitting then
wasTransmitting := wasTransmitting or transmitbing;
if wasTransmitiing do
begin
BtartRealTimeDelay; {time out: first part interframe gap)
while RealTimeDelay(interFrameSpacingPart1) do nothing
end
else
begin
StartRealTimeDelay;
repeak
while earrierSense do StartRealTimeDelay
until not RealTimeDelay(interFrameSpacingPart])
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; (Deferencel

procedure StartRealTimeDelay
begin
{reseci the realtime timer and start it timing)
end; {StartRealTimeDelay)

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

The BitTransmitier process runs asynchronously, transmitting bits at a rate determined by the Physical
Layer’s TransmitBit operation:

process BitTransmitter;
begin
eyele {outer loop)
if tramsmitting then
begin {inner loop}
PhysicalSignalEncap; (Send preamble and start of frame delimiter}
while transmitting do
begin
TransmitBit(outgoingFramelcurreniTransmitBit]); (send next bit to Physical Layer)
If newCollision then StartJam else NextBit
end,;
end; [inner loop)
end; {outer loop}
end; {BitTransmitter]
procedure PhysicalSignalEncap;
begin ’
while currentTranemitBit < lastHeaderBit do
begin

G2
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TransmitBitleutgoingteuder[currentTransmit Bis)); {transmit header ong bit at a timel
currentTransmitBit = currentTransmitBit + 1;
end
if newCollision then Startdam else
currentTransmitBit = 1
end; {PhysicalSignalBneap)

pracedure NextBil;
begin
currentTransmitBit ;= currentTransmitBit + 1,
transmitting := (currentTranemitBit < lastTransmitBit)
encdd; {NextBil}

procedure StartJam;

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

end; (StartJam]

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

4.2.8 Frame Reception, The algorithms in this section define CEMA/CD Media Access sublayer frame
reception.
The procedure ReceivelFrame implements the frame reception operation provided to the LLC sublayer:

function ReceiveFrame {
var destinationParam: AddregsValue;
var sourceParam: AddressValue;
var lengthParam: LengthValue;
var dataParam: DataValue): ReceiveStatus;
function ReceiveDataDecap: ReceiveStatus; ... {nested function; see body below)
begin
if receivelinabled then
repeat
ReceiveLinkMgmt;
ReceiveFrame = ReceiveDataDecap;
until receiveSucceeding
else
ReceiveFrame := receiveDisabled
; {ReceiveFrame)

If enabled, 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
address indicates that it should do so. The returned RecsiveStatus indicates the presence or absence of
detected transmission errors in the frame.

function ReceiveDataDecap: ReceiveStatus;
I var status: ReceiveStatus; (holds receive status information)
begin
with incomingFrame do
begin
view 1= fields;
receiveSucceeding := RecognizeAddress (incomingFrame, destinationField);

o
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raceiveSucceeding = LayerMpmit RecognizeAddress (destinabion Field
if receiveSuceeeding then
begin {disassemble framel
destinationParam = destinationField;
spurceParam = sourcelfeld;
tengthParam = lengthPield;
dataParam = RemovePad (lengthField, dataField);
exceedsMaxLength = ...; {check to determine if receive {rame size exceeds the maximum
permitied frame size (maxFrameSize)}
if exceedsMaxLength then status = frameTooLong;
elge
if fesField = CRC32 (incominglrame) then
begin
if validLength then status = receiveOK
else status = lengihBrror
end
else
begin
if excessBits = 0 then status = frameCheckError
¢lse status = alignmentBrror;
end,
LayerMgmtReceiveCounters(status);
{update receive and receive error counters in 5.2.4.3}
view = bits
end {disassemble frame}
end twith incomingFrame}
ReceiveDataDecap = status;
end; {ReceiveDataDecapl

et

i =i

el e

function RecognizeAddress {address: AddressValue): Boolean;
begin
RecognizeAddress = .., {Returns true for the sef of physical, broadeast, and multicast-group
addresses corresponding te Lhis slation)
end;(RecognizeAddress)

fienction RemovePad(
var lengthParam:LengthValue
var dataParam:DataValue}: DataValue;
begin
validLength = {Check to determine if value represented by leagthParam matches received
LLCdataSizel;
if validLength then
RemovePad = {truncate the dataParam (when present) to value represented by longthParam
{in octets) and return the resuli)

Vatigno,

else
RemovePad = dataParam
end; {RemovePad)

ReceiveLinkMgmt attempts repeatedly to recetve the bits of o frame, dizearding any fragments from col-
lisions by comparing them to the minimum valid frame size:

procedure ReceiveLinkMgmdt;
begin
repeat
StartReceive;
while receiving de nothing; {wait for frame to finish arriving}
excessBits = frameSize nrod 8;

‘
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frameSize = frameSize ~ excessBits; [truncate 1o octel boundary)
receiveSucceeding = (framoeSive » minFrameSize), {reject collsion ragnients]
until recerveSucceeding
enedy {ReceiveLink Mgmtl

procedure StartReceive;
hegin
currentReceiveldit ;= 1;
receiving = true
end; (StartReceive}

The BitReceiver process rung agynchronously, receiving bits from the medium al the vate determined by
the Physical Luayer’s ReceiveBit operation:

process BitReceiver;
var b: Bif;
begin
eyvele louter loop)
while receiving do
begin linner loop}
if currentReceiveBit = 1 then
PhysicalSignalDecap; (Strip off the preambile and start frame delimiter}
b = ReceiveBit; (Gel next bit from physical Media Access)
if carrierSense then
begin{append bit to frame}
incomingFramefcurrentReceiveBit] 1= Iy
currentReceiveBit 1= carrentReceivel3it + 1
end; {append bit to frame)
receiving = carrierSense
end {inner loop)
frameSize = currentReceiveBit - 1
end {outer loop)
end; [BitReceiver}

procedure PhysicalSignalDecap;

begin
{Recoive one bit at a time from physical medium until a valid sfd ie deteeted, discard bits, and

return)
end; {PhysicalSignalDecap)

4,2.10 Common Procedures. The {unction CRC32 is used by botly the transmit and receive algorithms
to generate a 32 bit CRC value:

function CRC32 (F Mrame): CRCValue;
hegin
CRC32 == {The 32-bit CRC }
end; [CRC32}
Purely to enhanee readability, the following procedure 1s also defined:

provedure nothing; begin end;

The idle state of a process {that is, while waiting for somne event} is cast as repeated calls on this

procedure,
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4.8 Interfaces toffrom Adjucent Layers

43,1 Gverview. The purpose of this section is to provide precise delinitions of the interfaces between the
avrchitectural layers defined in Scetion 1 in complinnee with the Media Access Serviee Specification given in
Section 2. In addition, the services required from the physical medium are defined.

The notation used here iz the Pascal language, in keeping with the proeedural nature of the preeise MAC
sublayer specification (see 4.2). Each interface is described as o 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 Paseal is a notational technigue, and in no way implies that
they can or should be implemented in software. This point is discugsed more fully in 4.2, that provides com-
plete Pascal declarations for the data types used in the remainder of this sectjon, Note also that the “syn-
chronous” (one frame at a {ime) nature of the frame transmission and reception operations is a property of
the architectural interface between the LEC and MAC sublayers, and need not be reflected in the imple-
mentation interface between a station and its sublayer.

4.3.2 Services Provided by the MAC Sublayer. The services provided {o the LLC sublayer by the
MAC sublayer are transmission and reeeption of LLC {rames. The interface through which the LLC sub-
layer uges 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 output), and
returng a status code as its result. Note that the service class defined in 2.3.1 is ignored by CSMA/CD
MAC.

The LLC sublayer transmits a frame by invoking TransmitFrame:

Funetion TransmitFrame (
destinationParam: AddressValue;
sourceParam: AddressValue;
lengthParam: LengthValue;
dataParam: DataValue): TransmitStatus;

The TransmitFrame operation is synchronous. Its duration is the entire attempt to {vansmit the {rame;
when the operation completes, transmission has either succecded or failed, as indicated by the resulting
status code:

type TransmitStatus = {transmitOK, excessiveCollisionError’;
§ fype TransmitStatus = {iransmitDisabled, transmitO¥X, excessiveCollisionError};

The transmitDisabled status code indicates that the transmitter is not enabled. Successful transmission
is indicated by the status code transmittOK; the code excessiveCollisionError indicates that the transmis-
sion attempt was aborted due to the excessive collisions, becanse of heavy traffic or a network {ailure.

The LLC sublayer accepts incoming frames by invoking Receivelframe:

function Receivelframe (
var destinationParam: AddressValue;
par sourceParam: AddressValue;
var length Param: LengthValue;
var dataParam: DataValoe); ReceiveStatus;

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

type ReceiveStatus = (receiveOK, lengthError, frameCheckError, alipnmentError):;

GG

HPE 1022-0066




%
/
|

IS0 B8O 3 0 10
{(SMA/CD ANSHIEREE Sud 802.3, 1693 Rdition

+ type Recoive Blalus = {recoiveDissbled, roceive OF, frameTooLony, {rameCheck Error length Brror,
alignmentiSrror);

The receiveDisabled siatus indicates that the receiver iz not enabled. Buceessiul reception is indicated by
the status code receiveQK, 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 o transmission error. The lengthBrror indicates the lengthParam value was
inconsistent with the frameSize of the received frame, The code alignmentBrroy indicates that the frame
received was damaged, and that in addition, its length was net an integer number of vctets,

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

Punciion: Procedures: Variables:
ReceiveBil, TransmitBit callisionDetect
Wail carrierSense
transmitting

During transmission, the contents of an cutgoing frame are passed from the MAC sulilaver to the Physi-
cal Layer by way of repeated use of the Transmit Bit operation:

procedure TransmitBit (bitParam: Bit);

Fach invocation of TronsmitBit passes one new bit of the outgoing frame o the Physical Layer. The
TransmitBit operation is synchronous. The duration of the operation is the entire transmission of the bit.
The vperation completes, when the Physical Layer is ready to accept the next it and it transfers control to
the MAC sublayer.

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

ver transmitting: Boolean;

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

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

var collisionDetect: Boolean;

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

NOTI: Since an entire coilision may oecur during preanmble generation, the MAC sublayer shall handle this possibility by monitering
collistonDetect 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 reception to deteet collisions between overlapping transmissions
{rom two or more other stations.

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

funetion ReceiveBil: Big;

Fach invocation of ReceiveBit relrieves one new bit of the incoming frame from the Physical Layer. The
ReceiveBit operation is synclivonous. Tts duration is the entire reception of a single bit. Upon receiving a
bit, the MAC sublayer shall immediataely request the next bit until all bits of the frame have been received.
(Ser 4.2 for details,)
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The overall event of data being received is signaled te the MAC sulilayor by the variable carvierSense;

var carrierSense: Boolean;

When the Physical Layer sets carrierSense lo true, the MAC sublayer shall immediately begin retrieving
the incoming bits by the ReeeiveBit operation. When carrierSense subsequen(ly becomes false, the MAC
sublayer can begin processing the received bits as o completed (rame. Note that the trueffalse transiiions 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 Receivelit 18 pending when carei-
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 alse monitor the value of carrierSense to defer ils own transmissions when the
medium is busy.

The Physical Layer also provides the precedure Wait:

nrovedure Wait (bitTimoes: integer),
) ger);

This procedure waits for the specified nomber of bit times. This allows the MAC sublayer Lo measure
time infervals in units of the (physical-medivm-dependent) bit time.

Another important property of the Physieal Layer, which is an implicit part of the interface presented to
the MAC sublayer, is the vound-trip propagation time of the physical medium. Iis value represents the
maximum time required for a signal to propagate {rom one end of the network o the olher, and for a colli-
sion to propagate back. The round-trip propagation time is primarily (but not entirely) a function of the
physical size of the network. The round-trip propagation time of the Physical Layer is defined in 4.4 for
selection of physical media.

4.4 Specific Implementations

4.4.1 Compatibility Overview. To provide total compatibility at all levels of the standard, it is required
that each network compenent implementing the CEMA/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 haplementation
that violates the standard.
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4.4.2 Allowable Implomentations

4.4.2.1 Parameterized Values, The fellowing luble wentifies the parameter values ihat shall le
used in the 10 Mbfs implementation of a CEMA/CD MAC procedure. The primasy assumptions are that the
physical medium is a baschand coaxial cable with properties given in the Physical Layer section{s) of bhis

standard.
Paramoters Yalues
slotTioe $512 bit times
interFrameGap 9.6 15
attemptLimit 16
backofffimit 10
jamSize 32 bits
maxTFrameSize 1518 octets
minFrameSize 5132 bits (64 octets)
addressSize 48 bits

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

See also DTE Deference Delay in 12,9.2,

4.4.2.2 Parameterized Values. The following parameter values shall be used for IBASES implemoen:
tations:

Parameters Values

slotTime 512 bit times
interFrameGap 94 jis
attemptLimit 16

backol{Limit 10

famSize 32 bits
maxFrameSize 1518 octets
minFrameSize 512 bits (64 oelets)
addressSize 48 hits

See also DTE Deference Delay in 12.9.2.

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

5.1 Iniroduection. This section provides the Layer Management specification for networks based on the
CSMA/CD access method. Tt defines facilities comprised of a sel of statisties and actions needed to provide
Layer Management services. The information in thie chapter should be used in conjunction with the
Procedural Model defined in 4.2.7-4.2.10. The Procedural Model provides a formal deseription of the
relationship between the CSMA/CD Layer Enfities and the Layer Management facilities.

This Layer Management specification has been developed in accordance with the OS] management
architectura as specified in the ISO Management Framework docuntent, ISO/IEC 7498-4:1989 [201. It is
independent of any particular management application or management protocol.

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

In CEMA/CD no peer management facilities are necessary for initiating or terminating normal protocol
operations or for handling abnormal protecol conditions. The monitoring of these activities is done by the
carrier sense and collision detection mechanisms. Since these aclivities are necessary for normal operation
of the protocol, they are not considered to be a function of Layer Management and are therefore not dis-
cussed in this section,

At this time, this standard does not include management facilities that address the unique featores of
repeaters or of 10BROAD3G6 broadband MAUs,

5.1L1 Systems Management Overview, Within the ISO Open Systems Interconnection {0OSI) architee-
ture, the need to handle the special problems of initializing, terminating, and moxitoring on-going octivi-
ties and assisting in their harmonious operations, as well as handling abnovmal conditions, is recopnized.
These needs are collectively addressed by the systems management component of the O8I architecture.

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

The SMAE is concerned with the management of resources and their stains across all layers of the 0S1
architecture, The System Management Application facilities have been grouped into five entities: Configu-
ration, Fault, Performance, Security, and Accounting,

Configuration and Name Management is concerned with the initialization, normal operation, and close-
down of communication facilities. It is also concerned with the naming of these resources and their interre-
tationship as part of a communication system. Fault Management is concerned with detection, isolation,
and correction of abnormal operations. Performance Managoment is concerned with evaluating the hehav-
ior and the effectiveness of the communication activities. Security Management is concerned with monitor-
ing the integrity and controlling access te the communication facilities. Accounting Management is
concerned with enabling charges fo be established and cost to be assigned and providing information on
tariifs for the use of communication resources.

This Layer Management standard, in conjunetion with the Layer Management standards of other lnyere,
provides the means for the SMAE to perform its various functions. Layer Management eollects information
needed by the SMARE from the MAC and Physical Layers, It also provides a means for the SMAE {o exer-
cise control over those layers. This Layer Menagement standard is independent of any speeific SMAT.

The SMAT has a conceptual interface {o an LME concerned with the actual monitoring and control of a
specific layer. The LMI interfaces directly only with the SMAR, 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 SMARE
is required. Standardization of these facilities will make practical the use of higher layer protocols for the
confrol and maintenance of LANs.
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There are two interfaces that relate the various managemoni entities, These are as follows:

(1) The coneceptual Layer Management Interface betweon the SMAE and LM,

{2y 'The normal layer service interface for peer-te-peer communication,

The relationship between the various management entities and the layer entities according to thoe IS0
Model is shown in Fig §5-1.
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Relationship Between the Various Management Entities
and Layer Entitics According to the ISO Open Systems Interconnection
(OSE) 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 becouse
they may be indirectly requested on behalf of a remote SMAE. The use of this specification by other man-
agement mechanisms is not precluded,

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

The CSMA/CD MAC/Physical Layer LMEs, in order to support the above facililies, 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 semanlics of the relationship between the CSMA/CD Layer Bntitics and the
Layer Management {acilities are defined in 4.2.7--4.2.10 and in 5.2.4,
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5.2 Mapagement Facilities

5.2.% Introduction. This sceiion of the standard defines ihe Laver Mausgemeni fcilities fov the BRI
02,3 CEBRIA/CD MAC and Phyzical Layera, The istent of this standard 2 to furnish a management specifi-
cation that can be used by the wide variely of different devices that may be attachied Lo a network specificd
by ISO/BC 8802-3. Thus, a comprehensive Bist of management facilities is provided.

The improper use of some of the focilities deseribed in (s scetion may cavse serives disroption of the
networl. It should be noted that access to these facilities can only be obtnined by means of the SMAR. T
avoid duplication by each LME, and in accordance with IS0 management architecture, any necessary secu-
rity provisions should be previded by the SMAE. This can be in the form of specific SMAE security {eatures
or in the form of securily features provided by the peer-to-peer communication fheilitics used by the SMADR

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

Mandatory——Shall be implemenied,
Reesmmended —-Should he implenmented if possible.
Optional—May be implemented.

All counters defined in this speeificaiion are wrapuround counters. Wrapareund counters are those that
automatically go from their maxioum value {or final value) to zero and continue to operate. These
unsigned counters do not provide for any explicit means to return them o their minimum (zera), i.o., reset.
Decause of their nature, wraparoutrd counters should be read frequently enough to aveid loss of informa-
tion.

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

5.2.2.1 MAQC Btatigtics. The slatistics defined in this section are implemented by means of epunters.
In the following definitions, the term “Read only” specifies that the object cannot be written to by the oli-
ent of the LME.
Frame fragments are not ineluded in any of the statistics in this section unless otherwise stated.
The Layer Management Madel in 5.2.4 and the Pascal Procedural Model in 4.2.7-4.2.10 defines the
semaniics of these statistics in teyms of the behavior of the MAC sublayer.

5.2.2.1.1 MAC Transmit Statistics Deseripiions

(1} Number of ramesTransmittedOK: Mandalory, Read only, 32 bit counter,
This containg a count of frames that are suecessfully transmitled. This counter is incremented when
the TransmitStaius is reported as transmitOK. The update occurs in the LayerMpmiTransmit-
Counters proceduore {5.2.4.2),

(2) Number of singleCollisionI'rames: Mandalory, Read only, 32 it counter.
This contains a count of frames that are invelved in a single collision and are subsequently trans-
mitted successfully. This countoy is incremented when the result of a transmission is reported as
transmitOIs and the atiempt value is 2. The update oceurs in the LayerMpgmiTransmitCounters
procedure (5.2.4.2).

(3) Number of multipleCollisionFrames: Mandatory, Reud only, 32 it counter.
This contlains a count of frames that are invelved in more than one collision and are subsequently
transmitted successfully. Thiz counter is ineremented when the Transmi{Status is reported as
transmitQi and the value of the atlempts variable is greater than 2 and less than or equal to
attemptLimit. The updaie veeurs in the LayerMgmiTransmitCounters procedure (5.2,4.2).

(4} Number of collisionFrames: Recommended, Read only, Array [L.attempilimit ~ 1] of 32 bit
counters,
This array provides a histogram of ollision activity. The indices of this array
(1 to attemptlimit — 1} denocte the number of collisions experienced in transmitting a frame. Bach
element of this array containg a counter that denvies the number of frames that have experienced a
speeific number of collisions. When the TransmitStatus is reported as transmitOX and the vaiue of
the attempts variable equals n, then collisionFramesin- 1} counter is incremented, The elements of
this wrray are incremented in the LayerMgmtTransmitCounters procedure (5.2.4.2).
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(5) Number of octetsTranamitted Q¥ Recommended, Read enly, 32 bil counter.

(6)

(8)

This contains a count of data and padding octets of frames that are successfully transmitted. This
counter is incremented when the TransmilStatus is reported as transmilQX, The update vecurs in
the LayerMymiTransmitCounters procedure (5.2.4.2).

Number of Frames with deferredTransmissions: Recommoended, Read only, 52 bit eounter,

This contains a count of frames whose transmission was delayed on its fivst attempt beeause the
medium was busy. This counter is incremented when the Boolean variable deferred has been
asserted by the TrangmitLinkMgmt function (4.2.8). Frames involved in any collisions are not
counted. The update oceurs in the LayerMgmiTransmitCounters procedure (5.2.4.2),

Number of multicastFramesTransmitted OX: Optional, Read only, 32 bit counter.

This containg a count of frames that are suceessfully transmitted, as indicated by the status value
transmitQIf, to a group destination address other than broadeasi. The update occurs in the Layer-
MgmtTransmitCounters procedure (5.2.4.2).

Number of broadcastFramesTransmitiedOX: Optional, Read only, 32 bil: counier.

This contains o count of the frames that were successfully transmitted as indicated by the Trans.
mitStatus transmitOK, to the broadeast address. Frames transmitted to multicast addresses are
not broadeasl frames and ave excluded, The update oceurs in the LayerMgmtTransmitCounters pro-
cedure (5.2.4.2)

5.2.2.1.2 MAC Transmit Ervor Bialistics Descriptions. This section defines the MAC sublayer

transmission related error statistics,

(1)

(2)

(3)

(4}

(1)

(2)

Number of lateCollision: Recommended Read only, 32 bit counter,

This contains a count of the times that a eollision has been detected later than 512 bit times info the
transmitted packet. A late collision is counted twice, i.e., both as a coblision and as a lateCollision.
This counter is incremented when the JateCollisionCount 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 vountier.

This eontains a count: of the frames that due to excessive collisions are not transmitted successfully.
This counter is incremented when the value of the attempts variable equals attemptLimit during a
transmission. The update oceurs in the LayerMgm{TransmitCounters procedure (5.2.4.2).

Mumber of frames lost due to internal MACTransmitError: Recommended, Read only, 32 hit counter.
This contains a count of frames that would otherwise he iransmitted by the station, but conld not: be
sent due to an internal MAC sublayer transmit ervor, 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 connter 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 oceurs in the LayerMg-
mitTransmitCounters procedure (5.2.4.2).

Number of frames with excessiveDeferral: Optional, Read only, 32 bit counter,

‘This contains a count of frames that were deferred for an excessive period of time. This counter may
only be incremented once per LLC transmission. This counter is incremented when the excezsDefer
flag is sel. The update oceurs in the LayerMgmiTransmitCounters procedure {5.2.4.2),

5,2.2.1.3 MAC Receive Statistics Descriplions

Number of framesReceivedOI: Mandatory, Read only, 32 bit counter.

This contains a eount of frames that are successfully received (receiveQE) 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 receiveQX.
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 suceessfully received. This does
not include octets in frames received with frame-loo-long, FCS, length or alignment errors, or
frames lost due fo infernal MAC sublayer error. This connter is incremented when the result of a
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(3

(4)

reception is reporied as a receiveOR slutus, The uwpdate occurs in the LayerMemiReceiveCounters
procedure {5.2.4.3). '

PMumber of multicastFramesReceivedOI: Optional, Read only, 32 bit counter,

This containg a counl of frames that are successfully received and are divected to an active non-
broadeast group address. This does not include fromes received with frame-too-tong, FUS, length or
alignment errors, or frames lost due to internal MAC sublayer error. This counter is incremented as
indicated by the receiveOX status, and the value in the destinationField. The update accurs in the
LayerMgmtReceiveCounters procedure (5.2.4.3).

Number of broadeastFramesReceived OK: Optional, Read only, 32 bit counter.

This contains a count of frames that are successfully received and are directed to the broadceast
group address. This does not include frames received with frame-loo-long, PCS, length or alignment
errors, or frames lost due to internal MAC sublayer error, This counter is ineremented as indicated
by the receiveOK status, and the value in the destinationField. The update oceurs in the LayerMg-
mtReceiveCounters procedure (5.2.4.3).

5,2.2.1.4 MAC Receive Brror Statistics Descriptions, This section defines the MAC sublayer

reception related error statistics. Note that a hierarchical order has been established such that when mul-
tiple ervor statuses can be associated with one frame, only one siatus is returned to the LLC. This hierar-
chy in descending ovder is as follows:

frameTooLong
alignmentError
frameCheckBrror
lengthBrror

The following couniers are primarily incremented based on the status returned to the LLC, and there-
fore the hierarchical order of the counters is determined by the order of the status,

1)

(2)

(3}

(4)

Number of frames received with frameCheckSequenceBrrors: Mandatory, Read anly, 32 bit counter.
This contains a count of frames thal are an intepral number of oetets in length and do net pass the
T'CS check. This counter 1s incremented when the ReceiveStatus is reported as frameCheckRBrrorn
The update veeurs in the LayerMgmtReceiveCounters procedure (5.2,4.3),

Number of frames received with alignmentErrors: Mandatory, Read only, 32 bit counter.

This containg a connt of frames that are not an integral number of octets in length and do not pass
the FCS check. This counter is incremented when the ReceiveStatus is reported as alignmentBError,
The update oceurs in the LayerMgmtReceiveCounters procedure (5.2.4.3).

Number of frames lost due to internalMACReceiveError: Recommended, Read only, 32 bit counter.
This contains a count of frames that would otherwise be received by the station, but could not be
accepted due to an internal MAC sublayer receive error, If this counter is incremented, then nono of
the other counters in this section are incremented. The exact meaning and mechanism for inere-
menting this counter is implementation-dependent.

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

This contains a count of frames with a length field value belween the minimum unpadded LLC dala
size and the maximum allowed LLC data size, inclusive, that does not match the number of LLC
data octets received. The counter also contains firames with a length field value less than the mini-
mumn napadded LLC data size. The update oecurs in the LayerMgmtReceiveCounters procedure
(5.2.4.9).

Number of frames received with outOfRangeLenpgthField: Optional, Read only, 32 bil counter.

This containg a count of frames with a length field value greater than the mazimum allowed LLC
data size. The update vecurs in the LayerMgmiReceiveCounters procedure (5.2.4,3).

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

This containa a count of frames that arve received and exceed the maximum permitted frame size.
This counter is incremented whien the status of a frame reception is frameTooLong. The update
oceurs in the LayerMpmtReceiveCounters pracedure {5.2.4.3).

5.2.2.2 MAC Actions. This subsection defines the actions offered by the MAC sublayer to the LME

client,

0
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These aelions enahle the LME elient fo influence the behavior of the MAC sublayer 1o, 1o exeeute
“wetions” on the MAC sublaver for mamagement purposes. Many of the {ollowing actisns snable or dizable
sume function: if either the enable or disable aclion is inplemented, the corresponding disable or enable
action must niso be tmpleniented, §f the enublefdisable action s supporied, then its corvesponding voud

action must also be supported.
In implementing any of the following actions, reeeptions and transmissions that are in progress are com-
pleted before the aclion lakes effect.
The security considerations velated to the following actions should be propesly addressed hy the SMAE
The items in parenthesis in the descriptions are the procedures that, are sffected by these actions.

5.2.2,2.1 MAC Action Definitions

(1) initializeMAC: Mandatory
Call the Initialize procedure (4.2.7.5). This action also results in the initialization of the PLE.
(2) enablePromiscuousReceive: Recommended
Cnuse the LaverdMgmtRecognizeAddress function to sccept frames regardless of theiv destination
address (LayerMgmtRecognizeAddress funciion).
Frames without errors received solely because this action is set arve counted as frames received cor-
vectly: frames received in this moede that do contain errors updafe the appropriate ervor coungers,
(3) disablePromiscuougReceive: Recommended
Cause The MAC sublayer to return o the normal eperation of carrying oul address recognition pro-
cedures for station, brosdeast, and multicast group addresses (LayerMgmiRecognizeAddress fane-
tion).
(4) readPromiscuousSiatus: Recommended
Return frue if promiscuous mode enabled, und false otherwise (LayerMgmtRecogmizeAddresy fune-

tion).
(5) addGroupAddress: Recommended
Add the supplied multicast group address to the address recognition filter (RecognizedAddress func-
tion).
(6} deleleGroupAddress: Recommended
Delete the supplied muliicast group address from the address recognition filler (RecognizeAddress
funetion}.
(7) readMulticastAddressList: Recommended
Return the current mullicast address list.
(8) enableMacSublayer: Optional
Cause the MAC sublayer to enter the normal operational state at idle. The PLS is reset by this opor-
ation (see 7.2.2.2.1). This is accomplished by setling receiveEnabled and transmitEnabled ia true,
(9} disableMacSublayer: Optiongl
Cause the MAC subiayer to end all iransmit and receive operations, leaving it in o disabled siafe.
This is accomplished by setting receiveEnabled and transmitEnabled to false.
{10) readMACEnableStatus: Oplional
Return true if MAC sublayer is enabled, and fulse if disabled. This is accomplished by checking the
vahues of the receivelinabled and transmitEnabled variables,
{11) enableTransmit: Oplional
Enable MAC sublayer frame transnisgion (Transmitframe funetion). This is aceomplished by sel-
ting tranzmitlnabled Lo true,
(12} disableTransmit: Opticnal
Inhibit the tvansmission of further frames by the MAC sublayer (TransmitFrame function), This is
accomplished by setfing transmitEnabied to false.
(13) readTransmitEnableStatvs: Optional
Return true if transmission is enabled and false otherveise. This is accomplished by checking the
value of the transmitEnabled variable.
(14) enableMulticasiReceive: Optional
Cause the MAC sublayer to return to the normal operation of multicast frame recepiion.
{15) disableMulticastReceive: Optional
Inhibit the reception of {urther multicast frames by the MAC sublayer.
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(16} readMulticasiReceiveSiatus: Oplional
Return troe if mullicast receive is enabled, ond false otherwise,
medifyMACAddress: Optional
Change the MAC station address to the one supptiod (RecognizeAddress funclion). Note that the
supplied station address shall not have the geoup bit set and shall not be the null address.
{18) readMACAddress: Oplional '
Read the current MAC station address.
(19) exeenteSelftest: Optional
Exceute a self test and report, the vesults (suceess or fdlure), The mechanism employed {o carry out
the self test ig not definad in this standard,

(s

5.2.3 Physical Lnyer Management Pacilitics. This section of the standard defines the Layer Manage-
ment lacilities for the Physieal Layer,

5.2.3.1 Physical Statistics. The stutistics defined in this section are implementied hy meany of
ceunters.
In the foilowing definition, the term “Read only” specifies that the object cannot be wriiten by the client
of the LMIE,
Note that the carrierSenseFailed statistic is a statistic relating to the physical Iayer, but is listed and
maintained in the MAC sublaver for ease of implementation.

5.2.3.1.1 Physical Stelisties Bescriptions

(1} Number of SQLTestErrors: Reeommended, Read only, 2% bit counter.
This containg a count of thnes that the SQE_TEST_ERROR was reccived. The SQE_TEST_ERROR
is get in accardance with the rules for verification of the SQE detoction mechanism in the PLS Car-
rigr Sense Function {see 7.2.4.6).

5.2.4 Layer Maonagement Madel. The following model provides the descriptions for Layer Manage-
ment facitities.

5.2.4.1 Common Constants and Types. The following are the common constants and types required
for the Layer Management procedures:

const
maxFrameSize = ... lin ectels, implementation-dependent, see 4.4
maxDeferTime = ..., (2 2 (maxFrameSize 2 8), i bils, creor thuer limat for maxDeforTime)
maxLarge = 4204967295; (maximum value (2%% - 1) of weaparound 32 bit counter)
max64 = woueonec [maximam value (251 - 1) of weaparound 84 bit counter)
oneBitTime = 1; {the period it takes to transmit one bit)
type
Counterbarge = 0. maxLarge-See footnote.;

5,2.4.2 Trangmit Variables and Procedures, The following jitems are specific to {rame transmis-
sion;

vur
excessDeler: Boolean; {sel in process DeferTest}
carrierSenseFailure: Boolean; {sct in process CarrierSenseTest)
transmitEnabled: Bovlean;: {sel by MAC action}
lateCollisionError: Boolean; {set in Section 4 procedure WalchFPorCollision)
deferred: Boolean; {get in Section 4 function TransmitLinkMgmt)
carrierSenseTestDone: Boolean; {sot in process CarrierSenseTest}

439 bit counter size speaification is nel o past of this ISOIEC standard. Resolution of 32 v, 64 bit counter size will be addressed
during the further work required to develop thiz section inte a specification suflicierd for ISOMEC iateroperability requiremsnts,

77

HPE 1022-0076



1SOAKC 880%-3 5 1993
ANSVIRETD Std 802.3, 1893 Bdition LOCAL AND METROPOLITAN ARTA NETWORKS

InteCollisionCount: D.ottemptLimit - 1; feount of late collislon that is veed in Section 4
TransmitLinkMgmi}

{(MAC transmit counters)

framesTransmittedO: CounterLarge; Imandatory}
singleCollisionFrames: CounterLurge; (mandatoryl
multipleCollisionFrames: ConnterLarge; imandatory)
collisionFrames: array (1..attemptLimit — 1] of CounterLarge; {recommended)
octetsTransmittedOI: CounterLarge; (recommended}
deferredTransmissions: CounterLarge; {recommended}
multicastFramesTransmittedOR: CounterLarge; {optionall
broadeastFramesTransmitted OK: CounterLarge; [optional)
{MAC transmit error counters}

lateCollision: CounterLarge; {recommended}
excessiveCollision: CounterLarge; {recommended)
carrierSenselrrors; CounterLarge; {optional)
excessiveDeferral: CounterLarge; {oplional}

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

procedure LayerMgmtTransmitCountors;
begin
while not carrierSenseTestDone do nothing;
if trangmitSucceeding then.
begin
IncLargeCounter(framesTransmitted OI);
SumLarge(octetsTransmittedQX, dataSize/8); [dataSize (in bits) is defined in 4.2.7.1)
if destinationField = ... {check {o see if’ to a muliicast destination}
then IncLargeCounter(multicastFramesTransmittedOI);
if destinationField = ... {check to see if to a broadeast destination)
then IncLargeCounter(broadcastFramesTransmitted OK);

if attempts > 1 then
begin (transmission delayed by collision}
if attempts = 2 then
IncLargeCounter(singleCollisionFrames) {delay by 1 colligion}
else {attempts > 2, delayed by multiple collisions)
IncLargeCounter(multipleCollisionFrames)
IncLargeCounter{collisionFrames{attempts —~ 11y
end; {delay by collision}
end; {transmitSucceeding)

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

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

if attempis = attemptLimit and not transmilSucceeding then
IncLargeCounter{excessiveCollision);

if carrierSenselFailure then
IncLargeCounter(carrierSenseErrors);

if excessDefer then
InerementLargeCounter(excessiveDeferral);

end; (LayerMpmtTransmitCounters)

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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provess DeferTest;
var deferBitTimer: O.maxDeferTime;
begin
cyele
fregin
deferCount 1= 0
while frameWaiting and not excessDefer do
bepin
Wait(oneBitTime); isce 4.3.3)
if deferBitTimer = maxDeferTime then
excessDefer = true
else
deferBitTimer := deferBitTimer + 1;
end; {while)
while transmitting do nothing;
ond; {eycle)
end; [DeferTest)

The CarrierSenseTest process sets the carrierSpenselailure flag if carrier sense disappears while trans-
mitting or if it never appears during an entire transmission.

process 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 whether or not the collisionDetect asserted any
time during the entire transmission)
bepin
eyele {main loop}
while not transmitting do nothing; fwait for start of transmission)
carrierSenselfailure = false;
carrierSeen = false;
collisionSeen ;= false;
carrierSenseTestDone = false;
while transmitting do
begin {inner loop}
if carrierSense then
carrierBeen = frue;
else
if carrierSeen then [carrierSense disappeared before end of transmission]
carrierSenselathire = true;
if collisionDetect then
collisionSeen ;= true;
end; {inner loop}
if not carrierSeen then
carrierSenseFailure = true {carrier sense never appeared)
else
if collisionSeen then
carrierSensefailure = false:
carrierSenseTestDone = truoe;
end; {main loop}
end; {CarrierSenseTbst)

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

var
receiveEnabled: Boolean; {set by MAC action)
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IMAL recerve counters)
framesReceivedOR: CounterLarge; Imandatory)
setetsReceived OIG Counterlarge; {reconnmended}

{MAC receive error counters}
frameCheckSequencelrrors: CounterLarge; (mandatory}
alignment¥rrors: CounterLarge; mandatory)
inRangeLengthErrovs; CounterLarge; {optionall
outOfRangelengthTield: CounterLarge; {optional)
frameTooLonglrrorvs: CounterLarge; (optionall

[MAQC receive address counters}
multicastFramesReceived OK: CounterLarge; {optional
broadeastFramesReceived O)$: CounterLarge; {optional)

Procedure LayerMgmiReceiveCounters is called by ReceivelinkMpgmt in 4.2.9 and mervements the
appropriate receive counters.

procedure LayerMgmiReceiveCounters (status: ReceiveStaius);
begin
ease status of
receiveDisabled:
begin
nothing;
end {receiveDisahled)
receiveOX:
begin
IncLargeCounter(framesReceivedOK),
SumbLarge(octetsReceivedOK, dataSize/3); (dataSize (in hits) is defined in 4.2.7.1)
if destinationField = ... {check to see if to & multicast destination}
then IncLargeCounter(multicastFramesReceived OK);
if destinationField = ... {check to see if to a broadcast destination)
then IncLargeCounter(broadeastFramesReceived OK),
end; {receiveQK]}
frameTooLong:
begin
IncLargeCounter(framneTooLongErrors);
end; HrameTooLong)
frameCheckEryor:
begin
IncLargeCounter{{rameCheckSequencelrrora),
end; {frameCheckError)
alignmentrror:
begin
IncLargeCounter{alignmentErrors);
end; falighmentBError}
lengthError:
begin
if length field value is between the minimum unpadded LLCDataBize and maximurm allowed
LLCDataSize inclusive, and does not match the number of LLC data oetets received] or
{ength feld value is less than the minimum allowed unpadded LLC data size and the number
of L1 data octets received is greater than the minimum unpadded LLCDataSize) then
IncLargeCountier{inRangeLengthlrror);
end; {lengthError]
enel; |case status)
if tength field value is greater than the maximum allowed LLCDataSizel then
incLargeCounter{outOfRangeLengthField)
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end; {LayerMgmtRecciveCounters}

Function LayerMgmiRecognizeAddress cheelis af reception of cerlain addressing lypes has been enabled.
Note that in Pasecal, assignment to a function causes the function {o return immediately.

[unction LayerMgmtRecognizeAddress(address: AddressValue): Boolean;
begin
if’ {promiscuous receive enabled) then
LayerMgmiRecognizeAddress = true;
if address = ... {MAC station addvess) ¢hen
LayerMgmiRecognizeAddress = true;
if address = ... {broadcast addvessj then
LayerMgniRecognizeAddress = trie;
if address = ... [une of the addresses on the multicast st and multicast reception is enabled) then
LayerMgmtRecognizeAddress := true;
LayerMgmtRecognizeAddress = false;
end; {LayerMgmtRecognizeAddress)

5.2.4.4 Common Procedures. Procedure LayerMpmtInitialize initializes all the variables and con-
stants required to implement Layer Management.

procedure LayerMgmtInitialize;

begin
{initialize flags for enabling/disabling transmission and reception)
receivelinabled = (rue;
transmitEnabled := true;

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

IateCollisionError = false;

excessDeier = false;

carrierSenselfailure 1= false;

carrierSenseTestDone = false;

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

Procedure IncLargeCounter inerements a 32 hit wraparound counter.
procedure IncLargeCounter (var counter: ConnterLarge);
bagin
{[inerement the 32 bit counter}
end; [IncLargeCountey)

Procedure SumbLarge adds a value to a 32 bit wraparound counter.
procedure SumLarge (
var counter: CounterLarge;
var offset: Integer);
begin
{add offset to the 32 bit counter)
end; [SumLarge}
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6. PLS Serviee Specifications

6.1 Beope and IMeld of Application. This seclion sperifies the services provided by ihe Physical
Signaling (PLS) sublayer to the MAC sublayer for the CSMA/CD section of the Loecal Aren Network
Standard, Fig 6-1. The services are deseribed in an abstract way and do nob fmply any particular
nnplementation.

08l LAN
REFERENCE MODEL CSHACD
LAYERS : LAYERS
APPLICATION ' HIGHER LAYERS :
PRESENTATION we
/| LOGICAL LMK CONTROL
/
MAC
SESSION ,/ MEDIA ACCESS CONTROL DTE > piE
/ ';s"f” ety o ot
.S exposed}
TRANSPORT / /1 PHYSICAL SIGNALING
/
., . | ]
NETWORK ; : :
4 : B SU——
; : :
DATA LINK / . | i
P MAU
PHYSICAL "
- T DI

§ MEDIUM 7 §

AUL = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT

MO = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTAGHMENT

Fig 6-1
Bervice Specification Relationship to the IEEE 802.3 CEMA/CD LAN Mode!

6.2 Overview of the Service

6.2.1 Generzl Degeription of Bervices Provided by the Layer. The services provided by the PLS
sublayer allow the local MAC sublayer entity to exchange data bits (PLS data_onits) with peer MAC sub-
layer entities.

6.2.2 Model Used for the SBervice Specification, The model used in this service specifieation is identi-
cal to that used in 1.2.2.1,

6.2.3 Overview of Interactions. The primitives associated with the MAC sublayer to PLS sublaver
interface fall into two basic categories:

(1) Service primitives that support MAC peer-to-pecr interactions
(2) Service primitives that have local sigmificance and support sublayer-te-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.indicalion

The PL3_DATA primitives supporl the lransfor of data from a single MAC sublayer entity Lo all oiher
peer MAC sublayer entities contained within the same local aren nebwork defined by the broadeasi
medium.

NOTE: This also means that all bils transiorred from a piven MAC sublayer entity will in turn be recdved by the entity iteelf

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

6.2.4 Bagic Services and Options. All of the service primitives described in this section are considered
mandatory,

6.3 Detailed Service Specification
6.3.1 Peordo-Peer Service Primitives
6.3.1.1 PLS_DATA request

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

6.3.L.1.2 Scmaontics of the Service Primitive. The primitive shall provide the following
parameters:

PLS_DATA request (OUTP'UT _UNIT)

The QUTPUT_UNIT parameter can take on one of three values: ONE, ZERQ, or DATA_COMPLETE
and 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, This primitive is generated by the MAC sublayer {o request the trans-
mission of a single data bit on the physical medium or to stop transmission.

6.3.1.1.4 BEffect of Receipt. The receipt of this primitive will couse the PLS entity to encode and
transmit either o single data bit or to cease transmission.

6.3.1.2 PLE_DATA.indicate

6.3.1.2.1 Funetion. This primitive defines the transfer of data from the PLS sublayer to the MAC
sublayer,

6.3.1.2.2 Bemantics of the Serviee Primitive. The semantics of the primifive are as follows:
PLS DATA.indicate (INPUT_UNIT)
The INPUT_UNIT parameter can take one of two values each represeniing a single bit: ONE or ZERO,

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

NOTE: An indicate is also presented 1o the MAC entily that issued {he request,

6.3.1.2.4 Effect of Receipt. The effect of receipt of this primitive by the MAC sublayer is
unspecified.
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6.2.2 Sublayer-to-Bublayer Bervice Prinilives
6.8.2.1 PLS CAHRIEHR.ndicale

6.4.2,1.1 Function. Thia primitive transiers the status of the activity on the physical medinnm from
the PLS sublayer to the MAC sublayer.

§.2.2.1.2 Scemantics of the Service Primitive, The semaniics of the primitive ave as follows:
PLS_CARRIER.indicate (CARRIER_STATUS)

The CARRIER_STATUS parameter can take one of two values: CARRIER_ON or CARRIER_OFF The
CARRIER_ON value indicates that the DTE Physical Layer had received an input message or a
signal_gquality error message from the MAU. The CARRIER_OTF value indicates that the DTE Physical
Layer had received an inpui_idlle mnessage and is nol receiving an SQE signal_guality_error message from
the MAU.

§.3.2.1.3 When Generaied. The PL3_CARRIER.indicate service primitive is generated whenever
CARRIER_STATUS makes a fransition from CARRIER _ON to CARRIER_OFET or vice versa,

8.3.2.14 Bffect of Receipi. The effect of receipt of this primitive by the MAC sublayer is
unspecified.’

6.83.2.2 PLS_SIGNAL.indicate

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

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

PLS_SIGNAL.indicate (SIGNAL _STATUS)

The SIGNAL_STATUS parameter ean take one of two values: SIGNAL _ERROR or NO_SIGNAL_ER-
ROR. The SIGNAIL_ERROR value indicates {o the MAC sublayer that the PLS has received a signal_gual-
ity _error messoge from the MAU. The NO_SIGNAL_ERROR value indicates that the PLS has ceased to
receive signal_quality_error messages from the MAU.

6.3.2.2.3 When Generated. The PLS_SIGNAL.indicate service primitive is gencrated whenever
SIGNAL_ STATUS makes a transition from SIGNAL_ERROR to NO_SIGNAL_ERROR or vice versa.

6.3.2.2.4 Effect of Receipt. The effect of receipt of this primitive by the MAC sublaver is
unspecified,
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7. Physieal SBignaling (PLS) and Attachment Unit Interface (AUL) Specifications

7.1 Beope. This section defines the logical, electrical, and mechanieal characteristics for the PLS and AUIL
between Data Terminal Bguipment and Medivm Attachment Units used in CEMA/CD local area networks,
The relationship of this specification to the entive IS0 [TEEE] Local Avea Network standards is shown in
Tig 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.

ost LAN
REFERENGE MODEL CSMACD
LAYERS LAYERS
APPLICATION " HIGHER LAYERS
PRESENTATION LG |
7 | LosiCAL LINK CONTROL
/
MAG
SESSION " |MEDIA ACCESS CONTROL DTE & ore
: e (AL nal
TRANSPORT cxposed)
NETWORK
DATA LINK / : paniio]
PMA MAU
PHYSICAL
- — - | | I eeoauen WD

§ MEDIUM

AUt = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHKMENT UNIT

MDI = MEDIUNM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT

Fig 7-1
Physical Layer Partitioning, Relationship to the I80 Open Systems Interconnection
(O81) Reference Model

This interface has the {ollowing characteristics:

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

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

(8) Permits the DTE to test the AUL AUl cable, MAU, and the medium itself
(4) Supports MAUSs for baseband coax, broadband eoax, 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 AUT carries encoded contro! and data signals betwean the DTE's PLS sublayer and the MAU's PMA sublayer and provides
for duplex date ransmission.

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

bit time. The duration of ene bit symbel (I/BR).
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cirenit. The physical mediom on which signals are earpied across the AUL The dafa and control civeaits
consist of an A cirewit and a B cireuil forming o balanced fransmission system so that the sipgnal cavried on
the B circuit is the inverse of the signal carried on the A civeuit.

Clocked Data One (CDr1). A Manchester encoded dala “1." A {11 is encoded as a LO lov the first half of
the bit-cell and a HY for the second half of the bit-cell,

Clocked Data Zero (C530). A Manchester encoded data “0.” A CDO is encoded as a I for the fivst half of
the bit-cell and a LO for the second half of the bit-cell,

Conlrol Signal Gne (CS1). An enceded control signal used on the Control In and Control Out eircuits. A
(81 is encoded as o signal at half the bit rate (BR/2).

Control Signal Zero (C80). An encoded control signal used on the Control In and Contrel Out circuits, A
CS0 is encoded as a signal at the bit rate (BR).

idlie (IDL). A signal condition where no transition aceurs on the fransmission Hne is used {o define the end
of a frame and ceases {o exist afler the next LO to HI transition on the AUI circuits. An IDL always heging
with a H1 signal level. A driver is required to gsend the IDL signal {or atl 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 Bumwmary of Major Concepls

(1) Iach direction of data iransfer is serviced with two (making a tolal of four) balanced cireuits: *Daia”
and “Control.”

(2} The Data and Control circuits are independently self-clocked, thereby, eliminating the need for sep-
arate timing cirenits. This is accomplished with encoding of all signals. The Control cireuit signaling
rate is nominalty (but not of necessity exactly) equal to the Data cireuit signaling rate.

(3) The Data cireuits are used only for data transfer. No conirol signals associated with the interface
are passed on these circuits, Likewise, the Control cirenits are used only for control messoge trans-
fer. No data signals associated with the interface are passed on these circuiis.

7.1.3 Application. This standard appiies to the interface used to interconnect Data Terminal Equipment
{DTE) 1o a MAU that is not integrated as a physical part of the DTE. This interface is used to

{1) Provide the DTE with media independence for baseband coax, broadband coax, and haseband 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 {t) the DTE and the MAT.

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

When the interface is being operated in the normal made, the AUI is logically connected to the MDI, The
DTE is required to follow the media access algorithms, which provide a single access procedare compatible
with all local area network media, to send data over the AUIL The MAU always sends back to the DTE
whatever data the MAU receives on the MDIL

When the interface is in the optional monitor mode, the MAUs transmitter is logically isolated from the
medivm. The MAU, in this mode, functions as an observer on the medium. Both the input function and the
gignal quality error function are operational {sce the MAU state diagrams for specific details).

‘7.1.5 Alloeation of Function. The allocation of functions in the AUI is such that the majority of the
funetionality required by the interface can be provided by the DTE, leaving the MAU as simple as possible,
This division of funetions is based upon the recognition of the fact that since, in many eases, 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 sipnals and the functional procedures
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are all demgned o this end. Figure 7-2 is a vefovence model, o generalized MAU as scen by the PR
theeugh the AUL

DATA QUT e [ Y
,,,?\’/ LD
. _L_
\"'u
COMTROL O gyoenn :;; e BGLALE
[ 2 e
/
COMTROL 1M om/ ] SBMAL L]
e CUALITY
.
DATA - /! -
N

J

NOTE: The AUl {complized of DO, DI, CO, Cl circuiis) is nol axposed
whon the MAU is, ogtioratly, part of the OTE.

Fig 7.2
Generalized MAU Model

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

7.2, PLE-PMA (DTE-MAL) Interface Protoecol The DTE and MAU communicate by means of a
simple protecol across the AUL

7.2.1.1 PLS {0 PMA Messages. The lollowing messages can be sent by PLS sublayer entities in the
DTE {0 PMA sublayer entities in the MAU:

Message Meaning

oulpii Output information

outpnl_idie No duata {o be output

normal Cease {o isolate the MAU

(Optional)
Isniate MALT

isolute
man _regiest

Request that the MAU be made available

7.2.3.1.1 owiprt Message. The PLS sublayer sends an oulputl message fo the PMA sublayer when
the PLS sublayer receives an OUTFUT _UNIT from the MAC sublaver
The physical realization of the mutprt message is @ CDO or a CD1 sent by the DT to the MAU on the
Data Out cirenil. The DTE sends a CDO if the QUTPUT_UNIT is a ZERO or a CD1 if the QOUTPUT_UNIT
is a ONE. This message is time coded—that is, once this message has been sent, the function is not com-
pleled over the AUI until ane bit time later. The ouiput message cannet be sent again until the bit cell
being sent as a resnlt of sending the previous outpuf message is complete.
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7.2.1.1.2 cuipnt_idle Message. The PLS sublayer sends an owiput (die message 10 the PMA sob-
layer at all {imes when the MAC sublayer is not in the process of iransferving oniput deta across the MAU
to PLS interface. The oniput_idle message is no longer send (and the Bret QUTPUT _UNTT Is sent using the
outpnt message) ag soon after the arvival of the first DUTPUT_UNIT as the MAU can be made gvailable
for data output. The outpui_idle message s again sent {o the MAU when the DATA COMPLETE is
received from the MAC sublayer. The detailed usage of the ouipid_idle message is shown in Fig 7-5.
‘The physical realization of the ourpud idle message is 1DL sent by the DTE {6 the MATU an the Data Out
cirenit.

7.2.1.1.3 normal Megsage, The PLS sublayer sends & norrial message to the PMA sublayer after it
receives the PLS stert message from the PLS Reset and Tdentily Function. The normal mesgape is also sent.
after receipt of RESET MONITOR_MODE {rom the management entity. The normal message is sent con-
tinueusly by the PLS sublayer to the MAU, unless the PLS Qutput Funciion requires that the mau_reguest
message be sent to permit dala output. If maw_regueest is sent during daia output, the sending of normal
will be resumed when the PLS Outpul Funetion returas to the 1DLE state. The normal signal is vescel by
the SET_MONITOR_MODE (this reset funclion is deseribed move fully by Fig 7-4).

7.2.1.1.4 iszolate Message (Optional). The PLS sublayer sends an isolate messnge to the PMA (in
the MALD) whenever the PLS sublayer receives SET_MORNITOR_MODE from the management entity. In
response fo the /solaie message, the MAU causes the means employed to impress dala on the physical
medium Lo be positively prevented from affecting the medium. Since signaling and isclation techniques dif-
fer from medinvm to medium, the manner in which this positive isolation of the fransmiliing weans is
accomplished is specified in the approprinte MAU section. However, the intent of this pesitive isolation of
the transmitier iz to engure that the MAU will nof interfore with the physical medivm in such a way as to
affect lransmissions of other stations even in the event that the means normally employed to prevent the
fransmitier from affecting the medium have faited 1o do so. The specifieation of positive isolation is not to
be construed to preclude use of either active or passive devices to acconiplish this funection.
The physical realization of the isoluie message is a C50 signal sent by the DTE to the MAU over the Con-
trol Out cireuit.

7.2.1LL5 man_reguest Message (Optional). The PLS sublayer sense the mau_request message to

the PMA sublayer if the PMA sublayer is sending the meu_not_avceilable message and the MAC sublayer
has sent the first QUTPUT _UNIT of a new transmission, The PLS sublayer continues to send the man_re-
guest message to the MAU until the MAC sublayer sends the DATA_COMPLETE request to the PLS sub-
layer across the MAC to PLS inferface. See Figs 7-3, 7-5, and 7-9 for details.

In addition, the mau_request message is used by the Reset and Idendily Funclion in the IDENTIFY 3
state to determine whether the MAU has the Isolate Function,

The physical realization of mau_reguest is a CS1 sent by the DT to the MAU on the Conivel Out cireutt.

The physical realization of the normal message is the IDL signal sent by the DTE to the MAU on the
Contrel Out cireuit. In the absence of the CO cireuit, MAUs implementing the lsolate Function shall act as
if the normal message is present. The CO civenit components may be absent from the DTE, AUL or MALUL

7.2.1.2 PRA. to PLS Interface. The following messages can be sent hy the Physical Medium Attach-
ment sublayer entities in the MATT to the PLS sublayer entities in the DTE:

Messgagn Meaning

input Input information

input_tdle No input information

signal _quality_error Enor detected by MAU

mau_oavatlable MALU is available for output

{Optional)

man_not_available, MAU is not available for sulpui
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rPow:&rOn 3 RESET_REQUEST

: Ty T
........... INITALIZE | OTE hos €O« tontiry | DNV 2
@ pls..raaot "1 # jsplate
DIE hos CO ¢ tdentify rmou_availoble
/
IDENTIFY 1
.................................... mau_not_available mau_niot_availabla
& normal
hau,..availabla COMDITIONED KMALL
WITH ISOLATE _
@ pla_stort
UNCONDITIONED ar HALT (Sca Fig 7-8)
T poraton Condonsd
& ple_start tincompatiblel
(Ses Fig 8~3)
{Seo Fig 8-2)
iOporation Simple}
IDENTIFY 3
timor_done « moau_availabla @mcu_request """""" mau...not.._availoble
Istart timor} \/
SIMPLE MAU UNCONDITIONED MAU
.................................... \!fﬂ'];i 'SOE_ATE
o plastart | [
(Sea Fig 8-3) @ pla..atart
Operation Simplal (Sae Fig B-3)
QOPERATE [Oparation leoloisl
S e
% pio_staort

ldentify

NQTES: (1} A states may be omitied except IMTIALIZE and OPERATE

{2) "identily” means DTE canrecognize uniguely all Ghnessages and the entire function s baen
implemanted

{3} “tdermify” with bar means DTE faiis to recoanize matr_nof_available or has a partiat implg-
montation of the function

Pig 7.3
PLE Heset and Identifly Punctlion

7.2.1.2.1 input Message. The PMA sublayer sends an inpuf 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 {o be sent to the DTE is contained in the
specifications for each specifie MAL type. In general, when the eignal_guality_error message is being gent
by the MALU, the symmetry specifications for civenit DI are not puaranteed to be met,

The physical realization of the inpud message consists of CDO or CD1 wavelorms. If the signal_qual-
wy_error message is being sent from the MAU, the input wavelorm is unprediciable,

NOTE; Thia signal is not necessarily retimed by the MALUL Censult thie approprisic MAL speeification for timing and jitter.
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Fig 7.4
PLS Mode Punciion

72122 inpui_idle Message, The PMA sublayer sends an inpui_idle message to the PLS sublayer

when the MAU does not have data to send to the DTE.
The physical realization of the input_idle message is an IDL sent by the MAU to the DTE on the Datn In
circuit.

7.2.1.2.3 signal_guality_error Wessage. The PMA sublayer sends a signal_guolity_error message

to the PLS sublayer in response to any of three possible condilions. These condifions are improper signals
on the medium, collision on the mediun, and reception of the ouipied_idle message, They are desoribed in
the following numbered paragraphs. The physical vealization of the sipnal_guality_crror message is a CS0
gent by the MAU to the DTE on the Control In cireuit.

NOTE: The MAU is required {o asserl the signel_guality_error message at the appropriate times whenever Lthe MAU s powered, and
not just when the DTE is renuesting data output. See Figs 7-8, 8.2, and 83 for detsils.

(1}

(2)

(3

Improper Signals on the Medium. The MAU may send the signel_guality_error message at any time
due to improper signals on the medium. The exaet nutuye of thess improper signals ave medium-
dependent. Typically, this condition mighi be caused hy a mallunctioning MAU for example,
repeater or head-end) connected to the medium or by a break or shorl in the medium. See the appro-
priate MAU specification for specific conditions that may caugse improper signais on a given
mediam,

Collision. Collision occurs when more than one MAU is transmitting on the medium. The local MAU
shall send the sigral_quelity_error message in every instance when it is possible for it to ascertain
that more than one MAU i transmitling on the mediunm. The MAU shall make the best determina-
tion possible. The MAU shall not send the signal_quality error message when it is unable to doter-
mine conelusively that more than one MAU is transmitting.

signad_guality_error Message Test. The MAU sends the signal_ quality_error message at the com-
pletion of the Output Function. See Fig 7-9 and Section 8 {for a more complete deseription of this
Lest.

7.2.1.24 ;zzczzzmrzz:(zflabie Message. The PMA sublayer sends ihe mau_avuilable message to the

PL3 sublayer when the MAU is available for outpul. The mau_availoble message is always sent by a MAU
that is always prepared lo output data except when it is requived to signal the signal_guality_error

q9
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in..procesel

folear request..flogl [ CUTPUT_UNIT % mou._ gvdllable

N START

ger | T B

% mou.roguest
OUTFPUT AHORT | (if request_fiag)

mou ot
...availablo isel output..

in_process]

e output_idle

& OUTPUT_ABCGRT izai_tranamitting . flagl
mau_not_availuble uer output..done
\,
MAU CLEAR s SITPUT e
& output..idle ® output
(reaums Modo Function & mou_roquost
control of control out {if raquost_flag)
slanail
oufput..doneg )
iclear request_fiogl CUTPUT.LUNIT
/ /] FETCH BIT

F— | T BUTRUT NEXT
mau,.available raquest..flag v DATA..COMPLETE & mau_roquest

(if requast_flog)
& output
request. flag » DATAL.COMPLETE }

MOTE' UCT = unconditional transition

Fig 7-5
PLS Output Function

message, Such a MAU does not require mer_request to prapare itself for data oudput. See Figs 7-3, 7-5, and
7-89 for details,

The physical realization uf the mex_cveilable message is an IDL: sent by the MAU (o the DTE on the
Control In circuit.

7.2.3.2.8 meu_nof evailable Message (OFTIONAL). The PMA sublayer sends a
maie_not_avaffoblie message to the PLS sublayer when the MAU is not available for output. Figure 7-5
shows the relationship of meu_nof_aveilobie to the Oulput Punction.

&
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The maw_nol _available message is alse used by a MAU thint containg the Isolate Munetion and does not
need to be conditioned for outpui to signal the presence of the Isolile Funcfion during the PLS Resel Fune-
tion (sve Fig 7-3 and 8-3).

The physical realization of the mau_nol_covailable mnessage is a CEL sent by the MAU to the DTE on the

Control In circuit.

7.2.2 PLS Interface to MAC snd Management Baiities. The PLE sublayer interfaces described hore
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 Interfoce, The following messages can be sent between PLS sublayer entities and
MAC sublayer entities:

Message Menaning

QUTPUT_UNIT Data sent te the MAU
QUTEUT_STATUS Response to QUTPUT _UNIT
INPUT_UNIT Dada reecived from the MAU
CARRIER_STATUS Indication of input activity
SIGNAL_STATUS Indication of error/no error condilion

7.2.2.1.1 QUTPUT_UNIT. The MAC sublayer sends the PLS sublayer an QUTPUT_UNIT every time
the MAC sublayer has a bil to send. Onee the MAC sublayer has sent an OUTPUT_UNIT to the PLS sub-
layer, it may not send another OUTPUT _UNIT until it has received an QOUTPUT_STATUS meszage from
the PLS sublayer, The QOUTPUT_UNIT is a ONE if the MAC sublayer wants the PLS sublayer (o send a
CI)1 to the PMA sublayer, a ZERO if a CDQ is desired, or a DATA_COMPLETE if an IDL is desired.

7.2.2.1.2 QUTPUT_STATUS, The PLS sublayer sends the MAC sublayer QUTPUT_STATUS in
response to every QUTPUT UNIT received by the PLS sublayer, QUTPUT _STATUS sent i3 an
QUTPUT_NEXT if the PLS sublayer is ready to accept the next QUTPUT_UNIT from the MAC sublayer,
or an QUTPUT_ABORT if the PLS sublayer was nol able fo process the previeus QUTPUT_UNIT. (The
purpose of QUTPUT _STATUS is to synchronize the MAC sublayer data output with the data yate of ihe
physical medium.)

7.2.2,1.3 INPUT_UNIT, The PLS Sublayer sends the MAC sublayer an INPUT_UNIT cvery ilme the
PLS receives an input message from the PMA sublayer. The INPUT_UNIT is a ONE if the PLS sublayer
receives a CD1I 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 PLS sublayer detects a change in carrier status, The PLS sublayer sends CARRIER ON when
it receives an input or signal_guality_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
CARRIER_OFT when it receives an inpui_idle from the PMA sublaver, no signal_quality _ervor {cither
mau_grailable or may_not_cvailoble) message and the previcus CARRIER_STATUS that the PLS sublayer
sont to the MAC sublayer was CARRIER_ON,

7.2.2.1.5 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 SIGINAL_ERROR when it receives a signal_quality_error message from the PMA sublayer
and the previous SIGNAL_STATUS ihe PLS sublayer sent was NO_SIGNAL_ERROR. The PLS sublayer
sends NO_SIGMNAL_ERROR  when it rveceives no signal_guality_crror (cither meav_gvailuble or
mare_rol_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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7.8.2.2 PLS-Management Entity Interince. The {ollowing messapges inay be sent betweon the PLE
sublaver entities and intralayer or higher layer management entities:

Message Meanfog

RESET_REQUEST Resel PLS tao initial “Power On” slale
RESET RESPONSE Provides operational informatior:
MODE_CONTROL Control operation

SOW_TEST Signal Quality Ervor test results

7.2.2.2,1 RESET_REQUEST. The management entity sends the PLS sublayer RESET _REQULEST
when the PLS sublayer needs to be reset to a known state. Upon receipt of RESET _REQUEST, the PLS
subiayer resets all internal logic and restarts all functions. See Pig 7-3 for details.

7.2.2.2.2 RESET BESPOMNSE. The PLS sublayer sends the management entity
RESET_R SPONSE upon completion of the Reset and Identify Function (see Fig 7-3 and 7.2.4.1) whother
invoked due to power on or due {0 a RESET_REQUEST. Which RESET _RESPONSE was sent is detor-
mined by the Reset and Identily Function. A RESET_RESPONSE of OPERATION 5IMPLLE, OPERATION
ISOLATE, or OPERATION CONDITIONED is sent if the MAU is compatible with the DTE and the MAU
is simple (no isolate or if the DTE does not support lsolate even if Isolate is supported hy the MAU, sup-
ports Isolate but does not require conditioning, or supports Isolate and does require conditioning to output.
ARESET_RESPONSE of INCOMPATIBLI is sent if the MALU is not compatible with the DTE (that is, the
MAU requires conditioning but the DTE does not support conditioning).

72,992 % MODE_CONTROL. The manapement entity sends MODE_CONTROL to the PL3S sub-
layer to control PLS functions. MODE _CONTROL capabilitics are as {ollows:

Message Meaning

ACTIVATE PHYSICAL Supply power on ¢ireuit VP
DEACTIVATE PHYSICAL Remove power from circuit VP
SET_MONITOR_MODE Send Isolate to MAU

RESET_MONITOR_MODE Send Mormal to MAU

7.2.2.2.4 GQE_TEST. The PLS sublayer sends SQE_TEST to the management entity at the conelu-
sion of each signal_quality_error test (see Qutpul Punction, 7.2.4.3). The PLS sublayer sends
SQE TEST_ERROR if the signal_guality_error test fails or BQE_TEST OK if the signal_quality_error test
PAGHES,

7.2.% Frame Structure. Frames transmitied on the AUI shall have the following structure:
<silencex><preambles<sfds><datar<eld-<silences

The frame clements shall have the following characteristics:

Element

<silence> = no transitions

<preamble> = alternating (CD 1) and (CDO) | 56 bit times (ending in CDO)
zgfd> = (CD1XCDOXCDINCDOXCDICDOXCDINCD 1)

<data> =8xN -

<etds> = DL
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7.2.3.1 Bilence. The <silences delimiter provides an observaiion window {0y oo unspec
time during which no transitions ocowr on the AUL The minimuny length of this period s spoeified by the
accoss procedure.

7.2.8.2 Presmbie. The <preamble> delimiter beging a frame teapsmission and provides o signal for
receiver synchromization. The signal shall be an alfernating pattern of (CD1L} and (CDOY. This patioen shall
be transmitted on the Data Oul cireuit by the DTE to the MAU for & minimum of 56 bit Uimes at the begin-
ning of each frame. The last bit of the preamble (that is, the final it of preamble Lefore the siart of frame
delimiter) shall be a CDJO.

The DTE is required to supply at least 56 bits of preamble in order to satisly system requirements, Sys-
tem compoenents consume preamble bits in arder to perform their functions. The number of preamble bits
sourced engsures an adeguate nuinber of bite are provided to each system component io correctly implement
its funection.

7.2.8.3 Start of Frame Delimiter (BFD2). The <sfd> indicates the stait of a fraume, and {follows the
preamble, The «<sld> element of & frame shall be

({CDLUCDHONCDIHCDOXCDIKCDOKCD IHCDI)

7.2.3.4 Data. The «<data> in a transmission shall be in multiples of eight {(8) cocoded data bits (CDO:
and ChDls).

7.2.9.5 End of Transmission Delimiter. The <otds delimiter indieates the end of a transmission and
servos to turn off the transmitter. The signal shall be an IDL.

7.8.4 PLS FMunections. The PLS sublayer functions consist of a Reset and Identify Function and five
simultaneous and asynchronous functions, These functions are Output, Input, Maode, Buor Sense, and
Carrier Sense. All of the five functions are started immediately following the completion of the Reset and
{dentify Function. These functions are depicted in the stale diagrams shown in Figs 7-3 through 7-8, using
notation described in 1.2.1.

7.2.4.1 Reset and Identify Function. The Reset and Identify Function is execoted any time either of

two conditions oceur. These two conditions are “power on” and the receipt of RESET_REQUBEST {rom the
management entity. The Reset and Identify Funection initializes all PLS functions, and (optionally) deter-
mines the capability of the MAU altached o the AUL Figure 7-3 is the state diagram of the Reset and
Identify Function, The Identify portion of the function is oplional,

7.2.4.2 Mode Funection. The MAU functions in two modes: nornsal and meniter, The menitor mode 18
optional. The state diagram of Fig 7-4 depicts the operation of the Mode Function. When the MAU is oper-
ating in the normal mode, it functions as a divect conneelion between the DTE and the mediuvn, Data sont.
from the DTE are impressed onto the mediam by the MAU and all data appenring on the medium are sent
to the DTE by the MAU. When the MAU is operating in the monitor mode, data appearing on the medium
is sent to the DTE by the MATT as during the normal mede. signal_guality_error is also agserted on the AUL
as during operation in the normal mode. However, in the monitor mode, the means employed to impress
data on the physical medium is positively prevented from affecting the medium. Since signaling and izola.
tion techniques differ from medium to medium, the manner in which this positive isolation of the transmit-
ting meansg is accomplished is specified in the appropriate MAU docament. However, the intent of this
positive izolation of the transmitter is to ensure that the MATU will not interfere with the physical medium
in such a way as to affect trangmission of other stations even in the cvent of Milure of the normal transmit-
ter disabling control paths within the transmilling mechaniem of the MAUL

The menitor mode is intended to permit a network station to determine H it is the source of interference
ohserved on the medium.

NOTE: The monitor mode is intended te he used only by Network Management Gr fuult isolation and network operalion verification.
1t is intended that the isolafe message provide direct control over the mode function zo that these tasks can b pedormed, IMPROPER

USE OF THE ISOLATE FUNCTION CAN CAUSE ERRONEOQUS FRAMES. Bectian 5, Layer Management, prevides delails on the
proper use of this function, .

fisd periad of
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PLS Input Panction

7.2.4.3 Ouiput Function, The PLS sublayer Quiput Function (ransparently performs the tasks of

conditioning the MAU for vuiput and data transfer from the MAC sublayer to the MAU. The state diagram
of Fig 7-5 depicts the Quiput Function operation.

At the conclusion of the Ouiput Function, if a collision has net occurred, a test is peeformed o verify
uperation of the signal qualily detection mechanism in the MAU and to verify the ability of the AUI (o pass
the signal_quality_error message to the PLS sublayer. The operation of this {est in the DTE is shown in
Fig 7-8. ’
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7.2.4.4 Input Function. The PLS sublayer Input Function transparently performs the task of data
transfer from the MAU to the MAC sublayer. The atate diagram of Fig 7-6 depicts the Input Funetion
operation,

7.2.4.6 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 guality information
received from the MAU. The state diagram of Fig 7-7 depicts the Error Sense Function eperation.

7.2.4,6 Carrier Sense Function. The PLS sublayer Carrier Sense Function performs the fask of
A I

sonding CARRIER_STATUS to the MAC sublayer every time there is a change in CARRIER_STATUS, The
state dingram of Fig 7-8 dopicts the Carrier Sense Function operation,

Verification of the signal_guality_error detection mechanism ocenrs in the following manner {in the
absence of a fanlt on the medium),

oy

(2)

(3)

At the conclusion of the output function, the DTE opens a time window during which it expects to
see the signal_guality_error signal asserted on the Control In cirenit. The time window begins when
CARRIER_STATUS becomes CARRIER_OFT. If execulion of the Oulput Function does not cause
CARRIER_ON to sccur, no SQE test occurs in the DTE. The duration of the window shali be al least
4.0 us but no more than 8.0 ps, During the time window (depicted as carvier_inhibit_timer, Fig 7-8)
the Carrier Sense Funclion is inhibited.

The MAU, upon waiting Tw (wait time) after the conelusion of output, activales as much of the sig-
nal quality error detecting mechanisim as is possible without placing signals on the medium, thus
sending the signal_guality_error messzage across the AUT for 10 + 5 hit times (1IWBR + 5/BR
seconds).

The DTE interprets the reception of the signal_guality_error message from the MAU as indication
that the signal_quality_error detecting mechanisin is operational and the siginal_quality_error mes.
sage may be both zent by the MAU and received by the DTE.

NOTES: {1} The occurrence of multiple {overfappiog) tranasmitters on the medinm doring the time that the test window is
open, as specified abeve, will satisfy the test and will verify proper operstion of the signal quality error detecting mechanizm
and sonding and receiving of the appropriate physieal error message.

(2) If signal_quality_errar exists ot the DTE before CARRIER OFF orours, then the Collision Presence test sequence
within the PLS as described in 7.2.4.3 above shalf be sborted us shown in Fig 7.5,

7.3 Signal Characteristics

7.8 Signal Encoding, Two different signal encoding mechanisms may be used hy the AUL One of the
mechanisms is uged to encode data, the other Lo encode control,

a8
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PLS Carrier Sense Function

7.3.1.1 Data Encoding. Manchester encoding is used for the transmission of data across the AUL
Manchester encoding is a binary signaling mechanism that combines dala and clock into “bit-symbols.”
Each hit-symbol is =plit into two halves with the second half containing the binary inverse of the first half;
a iransition always oceurs in the middle of each bit-symbol. During the first half of the bit-symbol, the
encoded signal is the logical complement of the bit value being encoded. During the second half of the hit-
symbol, the encoded signal is the uncomplemented value of the bit being encoded. Thus, a CDO is encoded
as a bit-symbol in which the first half is HI and the sccond half is 0. A CD1 is encaded ag a bit-symbol in
which the first half is LO and the second half is HI. Examples of Manchester waveforms are shown in
Fig 710
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 hit sent was a zero. This transition cannot be confused with clocked data (CDO or CD1) since the tran-
sition will oceur at the start.of a bit cell. There will be no transition in the middle of the bit eell. The IDL

89
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@ m?umavailabla , @ SQE (if collision)
if no_collision @ nu..availobla
& SOE (if colision) (if no._collision}
output..idle \ {stort. test..timerl
UCT

A4

mou..ragquest

{a)

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

Fig 7-9
Interface Furection for MAU with Conditioning

condition, as sent by a driver, shall be maintained for a minimum of 2 hit Uines, The IDL condition shall be
detected within L6 bit times at the receiving device.

(1) Bystem jitler considerations make detection of IDL (eid, end transmission defimiter) earlier than
1.3 bit times impractical. The specific implementation of the phase-locked loop or equivalent clock
recovery mechanism deterniines the lower bound on the actual IDL detection time. Adequate mar-
gin between lower bound and 1.6 bit times should be considered.

(2) Recovery of thming implicit'in the data is easily accomplished at the receiving side of the interface
because of the wealth of binary transitions guaranteed to be in the encoded waveform, independent
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& disgblo_drivar
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@
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START TEST THER 2

not._positive__disablg
disable_.driver
mou...availoble

{if no..collision)
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ucT

SOE TEST

not_poazitive__disobie
disobla..driver
SQE

tosi_.timer_done

not_ positive_.disable
disable..driver
mau..available

{if no_coliision)
SQE (i colliaion}

mou

AR

’ UeT

SQE TEST 1]

& @

positive..disoble
disabls _driver
SQE

SRR B G022

tast timer_.done

wleguast

mau..requast

(b}

poaitive__disable
disoble_.driver

raau._avatiabla
(If no..coflision)
SQE (if collision)

NOTE: See Fipe B2 and 83 for sivaple und isolaie type MAUs,

Hig 7-9

Interface Funelion tor MAU with Conditioning

ISOIRC sy 1008
90 Bditinn

of the data sequence. A phase-locked loop or equivalent mechanism meintaing continuous tracking
of the phase of the information on the Data cireuit.

7.8.1.%3 Control Encoding. A simpler encoding mechaniam ig used for control sigmaling than for daia
signaling, The encoded symbols used i this signaling mechanism ave 080, CS1, and 1DL. The CS0 signal
iz a signal stream of frequency equal to the bit rate (BR). The CS1 signal is a signal stream of frequency
equal to hall of the hit rate (BR/2). Il the interface supports more then one bit rate (see £.2), the bit rate in
use on the data circuits is the one t6 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 cireunits (see 7.3.1.1). The Control Qut eir-
enit is optional (O} as is one message on Control In.
The frequency tolerance of the CS1 and C30 signals on the CO cirenit shall be £5% and that of the CS1
signal on the CI circuit shall be £15%. The duty eycle of the above signals is nominally 50%/50% and shall
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Fig 7-10
Rramples of Manchester Waveferms

he no worse than 60%/40%. 'The CS0 signal on the CI cireoil shall have a frequency tolerance of BR 425%,
~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 the Control Out circuit (DTE to MAU) ave:

Signal Messnge Description

IDL normal Instruets the MAU to enter (remain in) normal mode
C31 me_request (O) Requests that the MAU should be made available
0S50 isolate (0) instructs the MAU to enter (remain in} monitor mode

The meaning of the signals on the Control In circuit (MAU to D'PEY are:

Signal Message Descriplion

iDL mau_available Indicates that the MAUs ready to output data

CS1 man_not available Indicates that the MATU is not ready to output data

C50 signal _quality_error Indicates that the MAU has detected an error outpat daia

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 (hat a given MDI eperate ot 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 vollupe and current specifications are listed in 7.4.
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7.4 Blecivieal Charactovisties. Terms BR and B2 have very spectfic meaning a3 vsed in ihis
subseetion. The ternt BR is used io mean the it rate of the highest signaling vate supporied by any one
implenentation of this mierface, BR/2 is used Lo mean half the bt sate of the lewest signaling rate
gupported by any one implementation of this intertace (zee 7.0.2). An daterface may support one or more
sipmaling rates.

NOTE: The chaencieristics of the driver and receiver con be aghiewcd with standerd BUL lopgie witl the additien of on approprinte
coupiing nelworl; however, this implementation is not mandatory.

7.4.1 Driver Chavacleristics. The driver is a differential driver capable of driving the specified 78 £
interface eable. Only the parametoers necessary to ensure compatibility with the specified receiver and to
asgure personnel salely al the Interface connector ave specified in the following geetions.

7.4.1.1 Differential Guiput Veltage, Loeaded. Drivers shall meet all requivements of this scelion
under fwo basie gots of test conditions (that is, each of two resistive values), For drivers Jocated within a
DTE, a combined induclive load of 27 tH % 1% and either & 73 or 83 £2 £ 1% resistive load shall be used. For
a driver loeated within a MAU, a combined inductive load of 50 jtH + 1% and either 73 or 83 Q + 1% vesis-
tive load shall be nsed.

The differential output voltage, Vi, is alternately positive and negative in magnitude with reapect o
zera voltage, The value of Vg, inte either of the two test loads identified above (R = 73 2 or 83 Q % 1%) ol
the interface connector of the driving unit shall satis{y the conditions defined hy values Vy, Vg, and Vy
shown in Fig 7-11 for signals in between BR and BR/2 meeting the freguency and duty cyele tolerances
specified for the signal being driven. The procedure for measuring and applying the test condition is as
foHows:

{1} Measure the output voltage Vg for the driver being tested at the wavelorm point afier oversheoot,

hefore droop, under test luoad conditions of 7.4.1.1. This voliage is V. ;
{2} Calenlate Vi and Vi ;
{3y Vyshall he < 1315 mV, Vy shall be > 450 mV.
{4) The waveform shall remain within shaded area limits,

The differential ovtput voltage magnitude, Vyp, into cither of the two test loads identified above, al the i
interface connector of the driving unit during the idle state shall be within 40 mV of 0 V. The corrent into
cither of the two test loads shall be limited to 4 mA.

When a driver, conneeted 1o the appropriate two test loads identified abuve, enters the idle state, it shail
maintain a minimum differential output veltage of at least 0.7 x Vo mV for at least 2 bil 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 lond shall be limited in magnitude to
4 mA within 80 bit Limes. Undershoot, il any, upon reaching 0 V shall be limited to -100 mV. See Fig 7-12.

For drivers on either the CO or CI circuits, the fivst transition or the last positive going transition may
oceur asynchronously with respect to the timing of the following transitions or the preceding transition(s),
respectively.

7.4.1.2 Reqguirements Afier Tdle. When the driver beeores nonidle after a period of idie on the inter-
face cirenit, the differential output voltage at the interface connector shall meet the requirements of 7.4.1.1
heginning with the first bit transmitted. The fivst transition may oceur asynchronously with raspect {o the
timing of the following transitions.

7.4.1.3 AC Common-Mode Qutpul Voltage. The magnitude of the ac component of the common-
mode ouiput voliage of the driver, measured between the midpoint of a lest load consisting of a pair of
matched 39 £ 4 1% resistors and circuit VG, as shown in [ig 7-13, shall not exceed 40 mV pealk.

7.4.1.4 Bifferential Guiput Volinge, Open Circuid. The differential output vollage into an open cir-
cuit, measured at the interface connector of the driving unit, shall not exceed 13 V pealk.

74,35 DC Commen-Mode Output Veltnge. The mapnitude of the de componant of the common-
mode output voltage of {he driver, measured between the midpaint of a test load consisting of a pair of
matched 39 Q & 19 resistors and circuil VC, as shown in Fig 7-13, shaill not exceed 5.5 V.
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Fig 711
Differential Quiput Voltage, Loaded

74,18 Fault Tolerance. Any single driver in the interface, when idle or driving any permissible sig-
nal, shall tolerate the applicaiion of cach of the faults specified by the switeh setlings in Fig 7-14 indefi-

nitely; and after the fault condition is removed, the operation of the driver, secording to the specifications of

7.4.1.1 through 7.4.1.5, shall not be impaired.
In addition, the magnitude of the output current from either output of the driver under any of the fault
conditions specified shall not exceed 150 mA.

7.4.2 Receiver Charscleristics. The receiver specified terminates the interface cable in its chavacter-
istic impedance. The receiver shall function normally vver the specified de and ac common-mode ranges,
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Driver Faulf Conditions

7.4.2.1 Receiver Threshold Levels, When the receiving interface circuit at the interface connector of
the recoiving equipment is driven by a differential input signal at either BR or BR/2 meeling the lrequency
and duty eycle tolerances specified for the receiving cirenit, when the A lead is 160 mV positive with respect
i the B lead, the interface cireuit is in the HI state, and when the Alead is 160 mV negative with respect
to the B lead, the interface cireuit is in the .0 state. The receiver outpat shall assume the intended HI and
LO stales for the corresponding input conditions.
If the receiver has a squelch feature, the specified receive threshold levels apply only when the squelch is
allowing the signal to pass through the receiver.

NOTE: The specificd threshaid lovels do not talie precedence over the duty cycle and jitter tolerance specified elsewhere. Both sets of
specifications must be met,

7.4.2.2 AC Differential Input Ympedance, The ac differential inpul impedance for AUI receivers
located in MAUs shall have a real part of 77.83 £ % 6%, with the sign of the imaginary part pesitive, and
the phase angle of the impedance in degrees less than or egual to 0.0338 times the real part of the imped-
ance, when measured with a 10 Mz sine wave.

The ac differential input impedance for AUI receivers located in the DTE shall have a veal part of
77.95 0 & 6%, with the sign of the imaginary parl positive, and the phase angle of the impedance in degrees
tess than or equal to 0.0183 times the real part of the impedance, when measured with a 10 Mz sine
wave,

A T8 Q& 6% resistor in parallel with an inductance of greater than 27 uH or 50 ptl for receivers in the
MAU and DTE respectively, satisfies this requirement.

7.4.2.3 AC Common-Mode Range. When the receiving interface civeuit at the receiving equipment is
driven by a differential input signal at either BR or BIV2 miccting the frequency and duty cyele tolerances
speeified for the eirenit being driven, the receiver outpnt shall assume the proper output state as specified
in 7.4.2.1, in the presence of a peak common-mode ac sine wave voltage cither of from 30 Hz to 40 kHz ref-
erenced to cirenit VO in magnitude from 0 to 3 V, or in magnitude 0 fo 100 mV for ac voltages of from
40 kHz o BR asz shown in Fig 7-15.

NOTE: The receiver shall alzo be able {0 rejeet smalt ae conymos-mode signals in frequencies outside of this range,

7.4.2.4 Toial Common-Mode Range. When the receiving interface circuit at the receiving equipment
is driven by a differential inpui signal at either BR or BR/2 meeting the frequency and duty cyele toler-
ances specified for the circuit being driven, the receiver output shall assume the intended cutput state as
specified in 7.4.2.1 in the presence of a total common-mode voltage, de plus ne, referenced to circuit VC in
magnitude from 0 ta 5.5 V, ag shown in the test setup of Fig 7-15. The ac compenent shall not exceed the
requirements of 7.4.2.3.
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Fig 7-15
Common-Mode Input Test

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

7.4,2.5 Idle Inpui Bebavior. When the receiver becomes nonidle after a period of idle on the interface
circuit, the characteristics of the signal at the outpul of the receiver shall stabilize within the startup delay
allowed for the device incorporating the receiver so that it is nol prevented from meeting the jitter specifi-
cations established for that device.
The receiving unit shall take preeautions to ensure that a HI to idle transition is not falsely interpreted
as an idle o nonidle transition, even in the presence of signal dreop due Lo ac coupling in the interface
driver or receiver cireuits,

7.4.2.8 Fault Tolerance. Any single receiver in the interface shall tolerate the application of cach of

the faults specified by the swilch setlings in Fig 7-16 indefinitely, and after the fault condition is removed,

the operation of the receiver aceording to the specifications of 7.4.2.1 through 7.4.2.6 shall not be impaired.

In addition, the magnitude of the current into either input of the receiver under any of the fault condi-
tions specified shall not exceed 2 mA.

B
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Fig 7-16
Receiver Fault Conditions
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7.4.83 AUE Cable Characteristios. The mierface cable consists of individually shielded twisted paivs of
wires with an overall shicld covering these individual shiclded wire pairs, These shields must provide sul-
ficient shiclding to meet the requivementa of protection against #f intoerference and lhe following enble
parameters. Individual shields for each signal pair are electrieslly isolated from the outer shield bud not
necessacily from cach other,

The eoverall shield shall be returned to the MAU and DTE Units via the AUL connector shell as defined in
7.6.2 and 7.6.3. If 0 common drain wire 15 used for all the signal pair shields, then 1§ shall be comnected to
pin 4. Individual drain wire returns for cach signal pair may be used (see 7.6.8). It is recommended that
individual drain wires be used on all control and data cireuit shields to meet satisfactory crossiall levels, If
individual drain wires are used, they shall be interconnected within the AT cable at each end and shall he
conneclod at Jeast to pin 4 at cach end of the cable.

The presence of the Control Ount signal pair is optional. If driver or receiver circuit compoenents for CO
are not provided, consideration should be given to properly terminating the CO signal paiv within the DTE
and MAU to preclude erroncous operation.

7.4.3.1 Conductor Size, The de power pair in the interconnecting cable, voltage common and voltage
minus, shall be composed of a twisted pair of sufficient gauge stranded wires to result in a nominal de
resistance not Lo exceed 1.75 € per conductor.
Conductor size for the signal pairs shall be determined according to the ac related parameters in 7,4.3.2~
7.4.3.8.

7.4.3.2 Pair-to-Pair Balanced Crosstall. The balanced erosstaik from one pair of wires to any other
pair in the same cable sheath (when each pair is driven per 7.4.1.1-7.4.1.5) shall have a minimum value of
40 B of attenuation measured over the range of BR/2 to BR.

7.4.3.5 Differential Charaeteristic Impedance, The differential characteristic impedance for all
signal pairs shall be equal within 3 £ and shall be 78 + 5 £} measured at a frequency of BR.

7.4.3.4 Transfer Impedance

(1) The common-mede transfer impedance shall not exceed the values shown in Fig 7-17 over the indi-
cated frequency range.

(2) The differential mode transfer impedance 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 {al separate stalions)
for each signal pair shall not exceed 3 dB over the frequency range of BR/2 to BR (Hz) for sinewave mea-
surements,

7.4.3.6 Timing Jitter. Cable moeeting this speeification shail exhibit edge jitter of no more than 1.5 ns
at the receiving end when the longest legal length of the cable as specified in 7.4.3.1 through 7.4.8.7 is ter-
minated in a 78 £ & 1% resistor at the receiving end and is driven with pseudorandom Manchester encoded
binary data from a data generator which exhibits no mare than 0.5 ns of edge jitter on half bit cells of
exactly 1/2 BT and whose output meets the specifications of 7.4.1.1 through 7.4.1.5. This test shall be con-
ducted in a neise-free envirenment. The above specified component is not to introduce more than 1 ns of
edge jitter into the system.

NOTE: Special atéention will have to e apjilied o the cable characterizlies and length at 20 Mb/s.

7.4.3.7 Delay. Total signal delay between driver and receiver (at separate stations) for each signal pair
shinll not exceed 257 nea.

7.5 Funclional Description of Inierchange Circuits
7.5.1 General. The AUI consists of either three or four differential signal circnits, pswers, and ground.

Two of the cireuits carry encoded data and two carry encoeded control information. Cirenits DO (Data Qu)
and CO (Control Out) are saurced by the DTE, and circuits DI (Data In) and CI (Control Tn) are sourced by
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the MAU. The inlerface also provides for power transfer from the DTE to the MAU, The CO civcuit is
optional.

7.5.2 Definition of Interchange Circeuits. The following civenits are defined by this specification:

Signal Direction

Circuit  Name te MAU g{%’:ﬁ Remarks

Do Data Qut j:4 Encoded Data
)| Data In X Encoded Data
CcO Control Out X Encoded Contrel
CI Control In X Incoded Control
Ve Voltage Plus X 12 Volts

vC Voltage Common X Return for VP
PG Protective Ground X Shield

7.5.2.1 Circuit BDO-~Data Oul. The Data Out (DO) eircnit is sourced by the DTE. It is a differential

pair consisting of NO-A (Data Qut cireuit A) and DO-B (Data Qut cirewit B).

The signal transferred over this circuit is Manchester encoded, An oufput message containing a one bit is ‘
encoded as CD1. An outpui_idle message is encoded as an IDL. ’

The following symmetry requirements shall be met when the DTE transfers pseudo-random Manchester
encoded binary data over a DO cireuil Ioaded by the test Joad specified in 7.4.1.1,

Bit cells generated interaal to the DTE are required to be 1 BT within the permitted tolerance on data
rate specified in 7.3.2, Hal{’ 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. Bach tran-
sition on the DO cirenit is permitted to exhibit edge jitter not to exceed 0.5 ns in each direetion. This means !
that any transilion may occar up to 0.5 ng carlier or kater than this transition would bave vceurred had ne
edge jitter oceurred on this signal. :
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7.5.2.2 Cireuti DI-Data In. The Data bn (DI} eirenit is soureed by the MAUL It i a ditferential pair
consisting of DE-A (Data Tn civeuit A) and DI-B (Dala In civeuit B)

The signal transferred aver this circuit is Manchester encoded. An inpree message eontaining a zero bit is
encoded as CDO. An inpu! message containing a ene bit is encoded as CDI. An input_fdle message is
encoded as an IDL.

A DTE meeting this specification shall be able Lo receive, on the D1 eirenit without a detectable I'CS
error, normal preamble data avranged in legal length packets as sent by another station te the DTE. The
test generator for the data on the DI cireuit shall meet the requirements for drivers in MAUs specified in
7.4.1.1 through 7.4.1.5 and shall drive the DI cirvenit through a zero length AUT cable. Random amounts of
edge jitter from 0 to 12 ne on either side of each transition shall be added by the test generator to transi-
iions in bits in the preamble, and random amounts of edge jitter of from 0 to 18 ns on either side of each
{ransifion shall be added te the transitions in all bits in the frame. Preamble length from the test generator
shall be 47 bits of preamble, followed by the § bit SFD,

NOTE: A signilicant portion of the syslem jitler may be sonrandom in nature and consists ol a steady-siale shilt of the midbit transi-
ting in either direclion from their nominal placement. A 16.5 ns edge jitler is expeeted on the transmitted signal at the receiving
DTE, worst case. The difference between 16,5 ns and 18 ns jitter represente receiver design margin.

7.5.2.3 Circuit CO-Conirel Out (Optional). The Contro! Oul (CO) circuit is sourced by the DTE, It
is a differential pair consisting of CO-A (Control Out cireuit A) and CO-B {Control Out circuit B).
The signal trans{erred over this cireuit is encoded as described in 7.53.1.2. A mou_request message is en-
coded as CS1. A normal message is encoded as IDL. An isolate message is encoded as CS0.

7.5.2.4 Circuit CI-Control In, The Control In (C1) cireuit is sourced by the MAU. It is a differential
pair consisting of CI-A {Control In circuit A) and CI-B (Contrel In cirenit B).
The signal transierred over this civenit is encoded as described in 7.3.1.2. A maw_available message is en-
coded as IDL. A mau_not_cveilable message is encoded as CS1. A signal_gualify_error message is encoded
as a2 080,

7.5.2.5 Cireuit VP-Voltage Plus. The Voltage Plus (VP) cireuit is an optional eircuit thal may be
sourced from the D'TE. If this circuit is sourced from the DTT it shall be capable of operating at one fixed
level between + 12 V de ~ 6% and + 15 V de + 5% with respect to cireuit VC for all curreats from 0 Lo
500 mA, The source shall provide protection for this cirenit against an overload condition. The method of
overload protection is not specified; however, under no conditions of operation, either normal or overload,
shall the source apply a voltage to eirenit VP of less than 0 or greater than + 15,75 V dc as specified above.
MAU designers are cautioned that proteclion means employed by power sources may cause the voltage at
signal VP to drop below the minimum operational voltage specified without going completely Lo zero volts
when leads drawing in excess of the current supplied arve applied between VP and VC. Adequate provisions
shall be made to ensure that such a condition does not cause the MAU to disrupt the medium.

If the D'PE does nol support cireuit VP, it shall have no connection to this circuait,

7.5.2.6 Circuii VC-Voltage Common. Circuit VC is the ground return to the power source for circuit
VI capable of sinking 2.0 A. Also, all common-mode terminators for AUT cireuits shall be made to civeuit
VC.

7.5.2.7 Civeuit PG-Protective Ground. Civenit PG shall be connceted to chassis ground through a
maximum de resistance of 20 mQ at the DTE end,

7.5.2.8 Civeuit Shicld 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 eapacitively coupled to VO 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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7.4 Mechanical Characterisiics

7.6.1 Definition of Mechanical Interfoce, All vonnectors used shall be as specified in 7.6.2, The DTE
shall have a female connecter and the MAU shall have a male connecior. The MAU may be plugzed directly
tnto the DTE or may be connected by one or more cable segments whose tetal lengih is tess than or equal te
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 ghall have the locking posis {as
defined in Figs 7-18, 7-19, and 7-20} as the refention systent

7.6.2 Linie Interface Conneector. A 15-pole connector hoving the mechanical mateability dimensions as
specified in IEC 807-2 [7] with gold-pladed contacts shall be used for the line interface conneetor. The shells
of these conneclors shall be tin plated o ensure the integrity of the cable shield to chassis current path,
The resistance of the cable shield to equipment chassis shall not exceed 5 mQ, after a minimum of 500

cyeles of mating and unmaking.
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In order to ensure intermateability of connectors obiained from different manufaclurers, the conneclor
with female contacis shall conform (o IBC 807-2 {7] and have gold-plated contaeis and tin-plated shelln, All

additions to provide fur female shell to male shell conductivity shiall be on the shell of the connesior with ;
male coniacts. There sheukd be muliiple contact peints arsund the sides of this shell to provide for shicld
continuity.

INOTE: Use of smilor meraliic surfaces on connector condueiors and similar metailic surfices on ihie connecior shells minimizes pol-
vanic action noid reduced perlornmnce

The connector is niot apecified to prevent operator contact with the shield, and precautions shall be taken :
at installation time lo ensure that the installer is warned that the shield is not to be brought inte contact
with any hazardous vollage while being handled by operating personnel.

Bee reference {A13].

7.8.3 Cantaet Assignments. The following table shows the assignment, of cireuits to connector contaets:

2 Contaet Cirendt Use
; 3 DO-A Data Out circuit A
4 10 DO-B Data Out circuit B
: 1 DO-S Data Out circuit Shicld
5 DI-A Data In cireuil A
12 DI-B Data In civeuit B
4 DI.5 Data In cirenit Shield g
7 CO-A Control Out eircuit A
15 C0O-B Control Oul cireuit B
8 CO-5 Control Out cirenit Shield
2 CI-A Control in cireuit A
9 CI-B Control In circuit B
1 CI-5 Control In eireuil Shield
G vC Voltage Common
i3 VP Voltage Plus
14 VE Voltage Shield
Shel PG Proteclion Ground (Conductive Shell)
NOTES: (1) Valtage Plus and Valtage Common use o single twisted pair in the AUL eable, !

(2YAsg iodicaled in 7423, the Alead of i cireuit is positive relative Lo the B lead for a 111 sigant and negative for 1 LO sipoal.
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8, Medinm Attachment Unit and Baselband Medium Bpecitications,
Type 10BASES

4.1 Scope

8.1.1 Overview 'This standard defines the functional, electrical, and mochanical characteristics of the
MAU and one specific medium for use with local networks. The relationship of this specification to e
entire ISO [IEEE] Local Network specification is shown in Fig 8-1. The purpose of the MAU is to provide a
simple, inexpensive, and flexible means of attaching devices to the local network medivm.

051 LAN
REFERENCE MODEL CSMACD
LAYERS LAYERS
APPLICATION © HIGHERLAYERS - :
PRESENTATION LLC
/1 LOGICAL LINK CONTROL
/
- MAG
SESSION , 7 |uEDIA ACCESS CONTROL OTE &% gre
; P (AUl not
exposed,
TRANSPORT ;7| PHYSICAL SIGNALING erpesed)
7
o, . i i
NETWORK / : :
/ : R S———— ]
/ . .
DATA LINK / :
PHYSICAL

AUl = ATTACHMENT UNIT iINTERFACE
MAU = MEDIUM ATTACHMENT UNIT

MOl = MEDIUM DEPENDENT INTERFAGE
PMA = PHYSBICAL MEDIUM ATTACHMENT

Fig 8-1
Physical Layer Pariitioning, Relationship {o the ISC Open Systems Interconneciion
(O8I Refevence Model

8.1L1.1 Medivm Attachment Unit, The MAU has the {ollowing general characteristics:

(1} Enables coupling the PL5 by way of the AUT to the explicif baseband coaxial transmission system
defined in this section of the standard.

(2) Supports message traffic al a data rate of 10 Mb/s {alternative data rates may be considered in
future additions to the standard).

(3) Provides for driving up to 500 m (1640 i) of conxial trunk cable without the use of a repeater,

(4) Permits the D'TE to test the MAU and the medium itself,

(3) Supports system configurations using the CSMA/CD access mechanism defined with baseband sig-
naling.

{6} Supports a bus topology interconnection means.

8.1.1.2 Repeater Unil. The repeatler vnit is used lo 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 {t)
coaxial trunk cable segments., Multipie repeater units are permiticd within a single system to provide a
maximum trunk eable connection path of 2.5 km (8200 i) between any two MAUs,
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8.1.%2 Definitions
hasebond coaxinl systewm. A system wherehy informmation is divestly encoded and impressed on the coux
ial transmission medinm, At any point on the medium, ouly one information sigasal at o thne can be prosent
without disruplion (see collision).
BTt The rate of data throughput (bit rate) on the medium in bits per sceond.
BR/Z. One half of the BR in Hertz,

branch eable. The AUT cable intereonneeting the DTE and MAU system components,

earrier sense. In a loeal area nebworlk, an ongoing activity of a data station to detect whether another sta-
fion is transmitting.
NOTE; A collision presence signol i provided by the PLS to the PMA sublayer 1o indiente that one or more stations are rurrently

transmitting on the trunk coaxial calle.

coaxial cable. A two-conductor {center conductor, shield system), concendric, constand impedpncs {rans.
mission line vsed as the frunk medium in the baschand sysiem.

conxial eable inmterface. The electrical and mechanical interface to the shared coaxial eable mediwm
either contained within or connected fo the MAU. Also known as MDY (Medium Dependent Interface).

conxial cable segment A length of coaxial cable made up from one or more coaxial cable seclions and
coaxial connectors, and tevminated at each end in its characteristic impedance,

eollision. An unwanted condition that results from concurrent transmissions on the physical medium.

collision presence. A signal provided by the PLS to the PMA sublayer (within the data link layer) to indi-
cate that multiple stations are contending for access {o the ransmission medium.

compatibility interfaces, The MDI coaxial cable interface and the AUL branch eable interface, the two
points at which hardware compatibility is defined to allow connection of independently designed and man-

ufactured components Lo the baseband transmission system,

Medium Attachment Unit (MAU). In a local area nelwork, a device used in a data station te couple the
data terminal equipment to the transmission medium,

Mediwm Dependent Interface (MDT). The mechanical and clectrical interface between the tronk cable
medium and the MAU.

Physical Mediuwm Attachment (PMA). The portion of the MAT that containg the funcltional civenityy.

Physical Signaling (PLS). That portion of the Physical Layer, conlained within ihe DTE thal provides
the logiead and functional coupling between MAU and Data Link Layers.

repeater. A deviee used to extend the length, topology, or interconnectivity of the physical medivm beyond
that imposed by a single segment, up io the maximum allownble end-te-end trunk transmission line
length. Repeaters perform the basic actions of restoring signal amplifude, waveform, and fming applied Lo
normal data and collision signals.
trunl cable. The trunk coaxial cable system,

£.1.3 Application Perspective: MAU and MEDIUM Objectives, This seetion stales the bread objec-

tives and assumptions underlying the specifications defined thronghout this section of the standard.
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8.0.3.1 Oblest

11y Provide the physical means lor eommunication between loeal network data link enbities,

ROTE: Thiv stasdard covers a portien of the physical layer na defined in the O8] Reference Madel and, in addition, da: phya
ieal medinm Heelf, which #s beyond the scope of the O51 Reference RModot

{2)  Define a physical inferface that ean be implemented independently among different manufacturers
of hardware and achieve the intended level of compatibility when interconnected in a common local
network,

(3) Provide a communication channel capable of high bandwidth and low bit crror rate performance,
The resultani mean bit, error rate, at the physieal layer service interface should be less than one
part in 108 (on the order of one part in 109 at the Hink level).

(43  Provide for case of installation and service.

(5} Provide for high network availability (ability of a station to gain access to the medium and enable
the data Hnk connection in a timely faghion).

{8) Enable relatively low-cost implementations.

8.1.8.2 Compatibility Considerations. All implementations of this baseband coaxial systemn shall be
compatible at the MDIL

This stundard provides one explicit trunk cable medinm speeification for the interconnection of alt MAU
devices. The medivm itself, the functional capability of the MAU, and the AUY are defined to provide ihe
highest possible level of compatibility among devices designed by different manulzcturers. Designers are
free to implement circuitry within the MAU in an application-dependent manner provided the MD Inter-
face and AUI specifications are satisfied.

Subsyatems boased on Lhis specificalion may be implemented in several different ways provided compati-
hility at the medivm is maintained, Tt is possible, for example, to design an integrated station where the
MALJ is contained within a physical DTE system component, thereby eliminating the AUI cable. 'The device
designer (and system user) shall then congider such faclors as lopological flexibility, system availability,
and configurability.

5.1.8.3 Relationship to PLS and AU Interface, This section defines the primary physical Iayer for
the local area network, a layer comprised of both the physical medivm and the rudimentary cirenitry nee.
essary to couple a station's messape path directly to/from the medium. The complete logical physical layer
of the local avea nelwork may reside physically in two distinel locations, the MAU and the DTE. Therefore,
a close relationship exists between this section and Section 7. This section specifies all of the physieal
medium parameters, all of the PMA logical functions residing in the physical MAU, and references the AUI
associated with and defined throughout Section 7.

NOTE: The design of o physical MAU compoanent requires the use of both this seetion and Seetion 7 for the PLS and AU specifica.
tions

8.1.5.4 Modes of Operation. The MATU is capable of operating in cither a *Normal® mode or an
optional “Monitor™ mode.

(1) Normal Mode. The MAU funclions as a divect conneclion between the baseband medium and the
DTE. Data output from the DTE is output o the conxial trunk medinm and all data on the coaxial
trunk medium is input to the DTE. Thiz mode is the “normal” mode of operation for the intended
message traffic between stations,

(2} Monitor Mode. The MAU Transmif Funetion is disabled to prevent data from being output on the
trunk coaxvial medium while the receive {unction and colligion presence function remain active for
purposes of monitoring medinum message traffic. This mode also serves as a limited test mode at the
same time il 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 lacal station
is being serviced.

8.2 MAU Funcotional Specifications. The MAU component provides the means by which signals on the
four physically separate AL signal cireuits to/from the DT and their associated interlayer messages are
coupled to the single coaxial cable baseband signal line. To achieve this hasic objective, the MAU compo-
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nent containg the foflowing functional capabilities to handle nessage flow between the DT and the base-
band medium:

(1) Transmif Function. The ability to tramsmit serial data bit streams on the baseband mediurm from
the loeal DTE entity and to one or more ramote DTE entities on the same network,

{2) Receive Function. The ability o receive serial data bil sireains uver the baseband medium,

(3) Collision Presence Function, The ability to detect the presence of two or more stations’ concurrant
transmissions.

(4) Monitor Function (Optienal). 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.

(D) Jabber iFunction. The alility to automatically interrupt the transmit function and inhihit an abnor-
mally long output data stream,

8.2.1 MAU Physical Layer Punctions

8.2.1.1 Transmit Function Reguirements. At the start of a frame transmission on the conxial cable,
no more than 2 bits (2 full bit cells) of information may be received from the DO circuit and not transmitfed
onto ihe coaxial medivin. In addition, it is permiszible for the first bil sent to contain encoded phage viola-
tions or invalid data; however, all successive bits of the frame shall be reproduced with no more than the
specified amount of jitter. The sccond bib cell transmitted onto the coaxial cable shall be earried from the
DO sipnal line and transmitted onto the coaxial trunk cable medivm with the correct timing and signal lev-
els. The steady-state propagation delay between the DO cireuit receiver input and the coaxial cable output
shall not exceed one-half bit cell. There shall he no logical signal inversiens between the branch cable DO
vircuit and the coaxial trunk cable (for example, a “high” logic level input to the MAU shali result in the
less negative current flow value on the trunk coaxial medium). A positive signal on the A signal lead of the
DO cireuit shall resvlt 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 Trangmi{ 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 cireuit has gone idle after a frame is output, the MAU shall then activate the
collision presence function as close o the trunk coaxial eable as possible without intreducing an extraneous
signal on the trunk coaxial medium. The MAU shall initiate the collision presence state within 0.6 ps to
1.6 ps after the start of the outpnt idle signal and shall maintain an active collision presence state for a
time equivalent to 10 2 5 bit cells.

8.2.1.2 Receive Function Reguirements. The signal from the coaxial trunk cable shall be dircetly
coupled 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 cirenit of the AUI cable that complies with the
AUI specifieation for drivers in MAUs.

At the start of a frame reception from the coaxial cable, no mere than 5 bits (five 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 bil seni over the receive circuit o contain encoded phase violations or invalid
data; however, all successive bits of the frame shall reproduce the incoming signal with ne more than the
above specified amount of jitter. This implies that the second bit cell sent onto the DI eircuit presents valid
data to the branch cable. The steady-state propagation delay between the coaxial cable and the receive (DI)
cireuit output shall not exceed one-half bit cell. There are no logical signal inversions hetween the coaxial
(trunk) cable and the MAU (branch) cable receive eireuit. The circuit bandwidth of the receiver funetion
shall be limited to 50 MHz,

A MAU mecting 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
apeeifications 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<ree envirenment. The combination of coaxial calile and MAU recoiver intraduce no
maore Lhan 6 ng of edge jitter inlo the system.

The Ioecal fransmit and receive funciions shall operate simultancously while connected ta the medium
operating in the half duplex operating mode.
I Lkl =]

8.2,1.3 Collision Presence Punction Reguirements, The signal presented to the CI circuit in the
absence of a collision shall be the DL signal cxcept when the MAT is required to sigral the CS1 signal.

Thie signal presented to the CI circuit during the presence of a callision shall be the €80 signala encoded
as speeified in 7.3.1.2, This signal shall be presented to the CI circuit no more than 9 bit times after the sig-
nal (for example, dc average) on the coaxial cable at the MAU equals or exceeds that produced by two (or
more) MAU outputs transmitting eoncurvently under the condition that the MAU detecting coilision pres-
ence is transmitting. Under no conditions shall the collision presence function generate an eutpul when
only one MAU is transmitting. A MAU, while not transmitting, may detect the pregence of two other MAUs
transmitting and shall detect the presence of more than twe other MAUs {transmitting. Table 8-1 summa-
rizes the ailowable conditions under which collisions shall be detecied.

The collision presence funclion may, in some implementations, be able to sense an abnormal (for exam-
ple, open) medium. The use of MAUS in repeaters requires added considerations; see 8.3.1.5.

Table 8-1
Generation of Collision Presence Signal
MAL Nambers of Transmitters
w2 =2 2
Tranamitting ¥ Y Y
Not transmitting N May Y
Y = will genernte 3QE meszage
N = will not generote SQE mozsage

May = may gonerate SQE message

8.2.1.4 Monitor Function Heguirements (Optional). Upon receipt of the isolate message the MAT
shall, within 20 ms (implementations: solid-state preferred, relay switched permitted), disable the frans-
mit function in such a way as to prevent both the transmission of signals on the trunk coaxial medium and
any abnormal loading by the disabled transmitier on the trunk coaxial medium itself The monitor func-
tion is intended to prevent a malfunctioning active component (for example, transmit driver) from bringing
down the network., The isolate message shall not interact with ihe receive or collision presence functions,
thus permitting the normal operational mode wherein all data appearing on the trunk coaxial medium are
carried to the DTE on the DI signal circuit.

NOTE: Verifieation for suceesaful execution of the fsolafe message reqoires use of the trank coaxial medivm itself. This level of goar-
anteed performance requires use of system layers above the physienl layer and implies some interruption of narmal trank conxind
medieny message traffic,

8.2.1.5 Jabber Function Reguirements. The MAU shall eontain a self-interrupt capnbility to
inhibit transmit data from reaching the medium. Hardwire within the MAU {with no external message
other than the detection of ouiput data, bits, or leakage, by way of the tranamit function} shall provide a
nominal window of at Jeast 20 ms to at most 150 ms during which time a normal data link frame may be
transmitted. If the frame length exceeds this duration, the jabber function shall inhibit further output data
{from reaching the medium.

When the transmit function has been positively disabled, the MAU shall then activate the collision pres-
ence function as close to the trunk conxial medium as possible without introducing an extraneous signal on
the trunk coaxial mediuvm, A MAU without the monitor function and powered by the DTE may reset the
jabber and eollision presence funclions 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 5 &+ 50% if the monitor function
has not been implemented. If the monitor function has been implemented then it shall be used Lo reset the
collision presence and jabber functions.
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8.2.2 MAU Iunterface Messapes

3.2.2.1 DTE Physical Layer to MAU Physical Layer Messages, The ibilowing messages can be

gent by the DTE physical layer entities to the MAU physical layer entities:

Message Circuit, Signal Meaning

outpul Do CP1, CDO Cutput information

autpui_idle Do IDL, No data to be output

normal Co DL Assuma the nonintrusive state on the trunk coaxial
medihum

(Optional Circuit)

isolute co CS0(BR) Positively disable the irunk coaxial mediom
transmitter

8.2.2.2 MAU Physical Layer to ITE Physieal Layer. The following messages ean be sent by the
MAU physical layer entities to the D'PE physical layer entities:

Message Circuit Signal Meaning

gt Di CD1, C0  Inpud information
input_idie DI IDL Na information to be inpat
nau_auailable 8] DL MAU is available for output
stonal_guality_error Cl C80 Error detected by MAU

8.2.2.2.1 inprt Message. The MAU physical layer sends an inpul message (o the DTE physical
fayer when the MAU has a it of data to send to the DTE. The physical realization of the input message is
a CDO or CD1 sent by the MAU to the DTE on the data in civeuit. The MAU sends CDD if the input hit is
zeve or CD1 if the input bit is a one. No retiming of the CD1 or CDO signals takes place within the MAU.

8.2,2.2.2 input_idle Message. The MAU physical layer sends an inpui_idle message to the DTE
physical layer when the MAU does not have dafa to send to the DTE. The physical realization of the
inpui_idle message is the IDL signal sent by the MAU to the DTE on the data in cirenit.

8.2.2.2.3 maw _aveiloble Message. The MAU physical layer sends the mou_ovailable message to
the DTE physical layer when the MAU ig available for output. The oy _availeble message is always sont
by a MAU that is always prepared to output data unless the signal_guelily error megsage shall be sent
instead. Such a MAU does nol require mou_request to prepave itself for dala oulpat. The physical realiza-
tion of the maw _aveilable message is an IDL signal sent by the MAU {0 the DTE on the control in civeuit.

8.2.2.2.4 signal_guality_error Message, The signal_quality_error message shall he implemented
in the following fashion:

(1) The signal_geality_error message shall not be sent by the MAT if no MAL or only one MAU is
transmitting on the trunk coaxial inedium in the normal mode,

{2) If two or more remote MAUs are fransmitting on the trank cosxial medium, but the MAU connected
to the local node is not transmitting, then the local MAU shall send the signal_gquality_crror mes-
sage in every instance when it is possible for it to ascertain that more than one MAU is fransmitting
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_gquality_error message when it is unable to conclusively deter-
mine that more than one MAU is transmitting,
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() When the local MAU is transmitting on ihe Gunlt eoaxic] medivm, alf occurrences of one oy more
sdditional MAUs irapsmitiing shedl cause the signal_guality_vrror mussage Lo he sent by e loca
MALto its DT

(1) Whaen the MAU has completed cach ontput frame it zhall perform an SQE test sequence, @ defined
in [Pigs B-2 and 8-3.

{8 Whea the MAU has inhibited the transmit funciion it =hall send the stengl_quality_ervor message
in accordance with the jabber funetion roquirements of $.2.1.5,

The sigrad _guadity_error message shall be asserted less than 2 bt cells after the eceurrence of the mulid-
ple-transmission condition is present at the MDY and shall no longer be asserted withia 20 bit cells after
the indieation of multiple transmissions ceases to be present at the MDIL 11 s to he noted that an extended
delay in the removal of the gignoel_qualily crror message may affcet adversely the aceess method
performance,

Tha physical realization of the signol_guality_error message is the CS0 signal sent by the MAU  the
¥TE on the control in elrcuit,

Note that the MAU is required to assert the sigrel_quality_crror message al the approprinie times
whenever the MAU is powered and not just when the DTE is providing suiput data.

8.2.3 MAU State IMagrams. The state diagrons Figs 8-2, 8-3, and 8-4 depdet the full set of allov
MAU state funelions relative to the control cireuits of the DTE-MAT interfnee for MA Uz without condition-
ing requirements. Messages used in these sfate diagrams are explaiied below:

(1) positive_disable. Activates the positive means provided in the MAU transmitier To prevent interfor-
ence with the trunk conxial medium.

t2)  enable_driver Activates the path eroployed during norsaal operation o cause tlwe MAU transmitter
to fmipress data onto the trunk coaxial muedinm,

(3} disable driver Denctivates the path employed during normal operaiion to cavse the MAU fransmit-
ter to impress data onto the truonk coaxial medium,

(4} no_eollision. Signifies that the condition of multiple tranzmitters simultaneously active on the
trunk coaxial mediom does not exist.

(8) colligion. Signifies that the condition of multiple transmitters simultaneously active on the trunk
coaxial medivm does exist,

(G} not_postiive_disuble, Deactivates the positive means provided in the MAU iransmilter to provent
interference with the trunk coaxial medivm.,

8.3 MAUMedivm Electrieal Chavocteristiies

8.3.1 MAU-to-Coaxinl Cable Interfoce. The following sections deseribe the interface between the
MAT and the coaxial cable. Nogative current is defined as ewrrent into the MAU {oui, of the centor condue-
tor of the cable).

8.3.1.1 Input Impedance, The shunt capacitance presented to the conxial cable by the MAU cirenitry
(not including the means of attachment to the eoaxial cable) is recommended to be no greater than 2 pi
The resistance to the conxial cable shall be greater than 100 k2.

The totzl capaciiive load due to MAY circuiiry and the mechanical connector ag specified
in 8.5.,3.2 shall be no greater than 4 p¥,

These cunditions shall be met in the power-off and power-on, not transmitling states (over the frequen-
cles BR/Z to BR).

The magnitude of the reffection from a MAU shall not be more than that produced by o 4 pi* capacitanee
when measnred by beth a 25 ns rise time and 25 ns fall tine waveform. This shall ba met in both the power
on and power off, not transmilling states.

8.3.1.2 Bias Curvent. The MAU shall draw (from the cable} between -+ 2 pA and - 25 pA in the power-
off and the power-on, not transmitling states.
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Powerdn
NOT ISOLATED OUTPUT
........................................ oufput
@ disable_driver =! & eanablo_driver
& mau._ovailable @ maou_.ovailoble
(if no_collision) (i no..collision}
& SQE (if collision) & SQE (if coliision)
ouiput_ldle
QUIPUT IDLE
& digable_.driver
® SQE (if collision)
@ mau..cvailable
(if no_collislon)
test..timer_done Tw
SQE TEST uer START TEST TIMER
s disablo_driver & ' @ digable_driver
® SOE ® SQE (if coliision)
[start. teat. thner]

NOTE: UCT = uncend 2=~ tronsilion
Tw = walt time, see 8.2.1.1

Fig 6-2
Inierface Function: Simple MAU Without Isolate Capability

8.3.1.3 Coaxial Cable Signaling Levels. The signal on the coaxial cable due to a single MAU as
measured at the MAU transmitter output is composed of an ac component and an offset component.
Expressed in terms of current immediately adjacent to the MAU connection (just prior to splitting the car-
rent flow in each direction) the signal has an offset component (direct current including the effects of tim-
ing distortion) of from --37 mA minimum to ~45 mA maximum and an ac component frem +28 mA up fo the
offset value,

The current drive limit shall be met even in the presence of one other MAU transmitter. A MAU shall he
capable of maintaining at least 2,2 V of average de level on the coaxial cable in the presence of two or more
other MAUs transmitting conemrrently. 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 MAU shall sink no more than —25 1A when the voltage on the center conductor of the cable drops o
-7V 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 condue-
tor of the cable (into the MAU). The 10-80% rise/fall times shall be 25 + 5 ns at 10 Mb/s. The rise and fall
times shall match within 2 ne. Figures 8-5 and 8-6 shows typical waveforms present on the cable. Har-
monic content generated from the BR fundamental periodie input shall meet the following requirements:

at least 20 dB helow fundamenial
at least 30 dB below fundamental
at least 40 dB below fundamental
at Jeast 50 dB below fundamenial

2nd and 3rd Harmonics:
4th and 5th Harmonics:
6th and 7th Harmonics:
All Higher Harmonics:

NOTE: Even harmonics are typically much lower
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\l{ PowerOn

........... ISOLATED ... L Pl MO DERTIEY
& positive. discbie may...requon & positive..disable

@ disable_ driver @ disable,.driver

& mau_.available ~ m @ mau..nol. . ovailgble

(i no..collision)
& SOE {(if collision)

ISOLATED QUTRUT
normahl,  ate o betve. diaabie
NOT ISOLATED 1 @ enable, driver
PEOTUOR Al A0 44 i e output & mau._available
@ not..poaitive_dizabla X .
- 4 (if no..collision)
& disable__driver ) .
@ S0F (if collision)
@ mou..available
(it no_colliaion) \!/ Dutput,_Kila
@ sSQE (if collision) QUTPUT IDLE
& positive__dizable”"
\i/ output & disablo_drivar
............ QUIPLT oo & SQE (if collision)
@ not__positive_disable| # rnou_.available
@ enable_driver (it no_collision)
© muou.ovailoble \l/ Tw
(it no_collision) START TEST THER 2
& SQE (if collision) ‘& positiva_disabla
\b output._idle @ diaab%a_drivar )
@ SOE (if collision
OUTPUT’DL{: @ mou..avoilable
@ not..pasitive..disable {if no_collision)
& disable_driver {stori_test_timar)
@ SQE (if collision) et
& mau..ovailable SOE TEST 2
(i no.collision) tost-timer—done - v, disable
Ny v & digable__driver
B
| START TEST THER 1 S0F
@ not_.pasitive_diaable
@ disable._driver - SQE TEST 1
© SQE (¥ collision) tost.timer._.done @& not_positive_dizable
e mou:ﬁuvoﬂobla ‘ Uor & disable. driver
{if no._collision) ® SOE

{start. test. timern)

NOTE: UCT = uncondillonal transitlon
Tw = walt fime, see 8.2.1.1

Fig 8-3
Interface Funciion: Simple MAU with Isolate Capability

‘The above specifications concerning harmonics cannot be satisfied by a square-wave with a single-pole
filter, nor can they be satisfied by an output waveform generator employing linear ramps without addi-
tional waveshaping. The signals as generated from the encoder within PLS shall appear on the coaxial
cable without any inversions {see Fig 8-6).

8.3.1.4 Transmit Quiput Levels S8ymmetry. Signals received from the AUI DO cirenit shall be
tronsmitted onto the coaxial cable with the characteristies 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
N
-3 KO QUTPUI
1 freset frame timan
freset unjob tmerd

ALY TRANSHITTER ACTIVE

START ThdER

istart frame_ tiner]

UCY

LENGTH OUTPUT

_ {MAU TRANSMITIER
T OHOT ACTIVE)

{MAU TRANSHITTER ACTIVE) | » frame_timer.dane
A/

A8 i
 isolate « (AU HAS ["a ggE

MOMITOR FUNCTION) | @ positive _disable
outpui idle » | (MAU WITHOUT MONITOR FUNGTION) =
(MAU WITH UNJAB TIMER)

& posilive _disable

=] =
[start unjab._timer]
(if self—-powered MAU)

uer

UNJAB WAIY
Hive disoble output

unjeb _timer_dong

Pig Bed
Jabber Panction

The output sipnal of a MAU meeting this specification shall exhibit edge jitier of no mora than 2.5 ns into
a 28 Q + 1% resistor substituted for the connecilion to the coaxial cable when thie DO civenit info the MATUT
is driven through o zere length AUT cable with pseudorandom Manchester encoded binary data from a data
penerator that exhibits no more than 0.5 ns of edge jitter on half bit cells of exactly 172 BT whose oulpul
meets the speeifications of 7.4.1.1 through 7.4.1.5. The above specified component is not {o introduee move
than 2 ns of edge jitter inte the system.

The MAU shall not transmit a negative going edge afier cessaiion of the CD output data stream on DO
or belore the fivst edge of the next frame on the DO circuit,

8.3.1.5 Receive Collision Deteet Threshoid. Tt is recommended thal the MAU implement ihe colli-
sion detect fanetion with a ~1.492 V to -1.629 V ihreshold range corresponding 1o the reconnnended toler-
ances for coax drive currents specified in 8.3.1.3, The thresheld vollage is measured on the coax at the
MAU connector,
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Fig 8-5
Recommended Driver Current Bignal Lovels
{
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NOTES: {1) Voltages given are nominal, for 2 single ransmitier
{2} Rise and fal time s 25 ns nominal at 10 Mb/s rate
{3} Voltages are measurad on lerminated coaxinl calile adjacent to transmiting MAU
{4) Manchester coding

Fig 8-6
Typical Coaxiol Teunlk Cable Signal Waveform

Collision detection threshold veltages tighter than (bose vecommended above may be used te improve
collision detection performance in the presence of noise on the coax, poor systent component tolerances, and
coaxial fransmit levels outside of the recommended range.

A MAU that implements the recommended receive threshold shall be considered to have implemented
receive made collision deteet. Recelve mode collision detect indicates that a nontransmitling MAU has the
capability to detect collisions when two or more MAUs are transmitiing simultaneocusly. Repeater units
require both MAUs diveetly connected to it to implement receive mode eoliision detection,”

2.2.2 MAY Bloctrical Characteristics

8.3.2.1 Electrical Isolation. The MAU must provide isolation bebweeon the AUI cable and the coaxial
trunk cable. The isolation impedance measured belween each conducioer (including shield) of the AL eable
and ecither the center conductor or shield of the coaxial cable shall be greater than 250 k0 at 60 Tz and not
greater than 15 Q between 3 MHz and 30 MHz, The breakdown of the isolation means provided shall be at
teast 250 V ae, rins, Hee references [AT], {A8], and [A9].

» " . . .
Repentered networks may require o1t MALU components to use the recommended conxial drive connect levels, This matéor 1 under
vonsidoerition, .
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£.8.2.2 Power Consumption. The current drawn by the MAU shall not exceed 0.5 A as powered by
the AU source, The MAU shall be capable of operating from all possible voltage sources as supphied by the
DTE through the resistance of all permissibie AUI cables. The MAU shall not disrupt the trunk coazinl
medium should the DTE power source fall below the minimun operational level under abnormal MAU
load conditions.
The MAT shall be labeled externally to identify the maximum value of enrrent requirved by the device al
any specified input voltage.

£.5.2.3 Reliability. The MAU shall be designed to provide an MTBI of at Jeast 1 million hours of con-
tinuous operation without causing communication failure among othey stations attached to the local net-
work medium. Component failures within the MAU electronies should not prevent communication among
other MAUs on the coaxial cable, Connectors and other passive componentis comprising the means of con-
necting the MAU to the conxial cable shall be designed to minimize the probahility of total network fatlure,
It should be noted that a fault condition that causes a MAU to draw in excess of 2 mA may cause comniu-
nication failure among other stations.

8.8.3 MAU-DTE Llectrical Characteristics. The electrical characteristics for the driver and receiver
components connected to the branch cable within the MAU shall be identical to those as specified in Sec-
tion 7 of this standard.

B.2.4 MAU-D'TE MMechanical Connection. The MAU shall be provided with a 15-pin niale connector
as specified in detail in the AU specification, Section 7.

8.4 Characteristics of the Coaxial Cable, The trunk cable is of constant impedance, coaxial construc-
tion. It ia terminated at each end by a terminator (see 8.5.2), and provides the {ransmission path for MAU
device connection. Coaxial cable connectors are used to make the connection from the cable to the termina-
tors, and between cable sections (if needed). The cable has various electrical and mechanieal requirements
that shall be met to ensure proper operation.

8.4.1 Coaxial Cable Elecirical Parameters

8.41.1 Chavracteristic Impedance. The average characteristic cable impedance shall be 50 £ 2 £,
measured according to IEC Publications 96-1 [2] and 96-1A [3]. Periodic variations in impedance along a
single piece of cable may be up Lo+ 3 ) sinuscidal centered around the average value, with a period of less
than 2 m.

NOTE: If the requirements of 8,4,2,1.1 (2), 8.4.2,1.2, 8.4.2.1.3, 8,4.2.1,4 (2) are met, then it is expected that the characteristie imped-
ance periedicity requirement shall be considerced met.

8.4.1.2 Attenuation. The attenuation of a 500 m (1640 {) cable segment shall not exceed 8.5 dB
(17 dB/lkm) measured with a 10 MHz sine wave, nor 6.0 dB (12 dB/km) measured with a 5 MHz sine wave.

8.4,1,3 Velocity of Propagation. The minimum required velocity of propagation is 0.77 c.

8.4.1.4 Edge Jitter, Untepped Cable, Untapped coaxial cable meeting this specification shall exhibit
edge jitter of no more the 8.0 ns in either direction ai the receiving eud when 500 m of the cable is termi-
nated at hoth ends with terminators meeting the impedance requirements of 8.5.2.1 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 edge jitter in either direction on half bit cells of exactly 1/2 BT and whose outpul meets the speci-
fications of 8.3.1.3 except that the rise time of the signal must be 30 ns + 0, —~ 2 ns, and no offset component
in the output current is required. This test shall be conducted in a noise-free envivonment. 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 indieate a
measure 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 refercnce [A12].
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The transfer inpedance of the cable shall not exceed the valnes shown in Fig 8-7 as a function of fre-
quency.
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Fig 8.7
Maximum Coaxial Cable Transfer Impedance

B.4.1.6 Cable DT Loop Resistance. The sum of the eenter conductor resistance plus the shield resis-
tance, meagured at 20 °C, shall not exceed 10 m<Q/m.

8.4.2 Coaxial Cable Properties

8.4.2.1 Mechznical Requirements, The cable used should be suitable for routing in various environ-
ments, including but not limited to, dropped ceilings, raised floors, vable troughs, and throughout open
{floor space. The jacket shall provide insulation between the cable sheath and any building structural
metal, Also, the cable shall be capable of accepting coaxial cable connectors, deseribed in 8.5. The cahle
shall conform to the following requirements.

8.4.2.1.1 General Construction

(1) The coaxial cable shall consist of a center conductor, dielectric, shield system, and overall insulating
jacket.

(2) The concentricity (for example, positional relationship between center conductor to shield system
and outer jucket) of the coaxial cable elements shall be greater than 92% as measured in accordance
with the following general configuration:

(jacket radivs ) —~ (center offset)

100 = 92%
jacket radius % ?

It is assumed that the offeet and radius values are worst case at any point within the measured
gystem. ‘

(3) 'The coaxial cable jacket, shield system, and dielectric material shall be piereeable either by means

of the connector type specified in 8.5.3.2 or by an external care tool, Overall cable system pierceabil-

ity {the ability of a.lap probe to pierce the jacket, shields, and dielectric cable system without
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substantial dieleetric deformation and without catming o short eircsit heiween conier conductor and
shield system) is a vital purameier alfecting tap connection relidnlity
Pierceabilily of the cable gystem can be messured in terms of the protse’s load versus displacenient
signature. A pierceable cable exisiz where the displuconient ts 2 152 mm L06 1) hetween raplore
(piercing) of the shield systemn and contact with the center conductor.
() The coaxial cable shall be sufficiently fexible to support & bend radius of 254 mn (10 in).

8,4.2.1.2 Cenier Conduector. The center eonduetor shall be 2.37 mm ¢ 0,013 mm (0.08565 &
0.0005 in) diameter solid copper.

8.4.2.1.3 Dielecirie Material. The dielectric may be of any type provided the conditions of 8.4.1.2,
8.4.1.3, and 8.4.2.1.10C) are met.

8.4.2.1.4 Bhielding System

(1} The shielding system may contain bolh braid and foil elements sufficient to meet the transfer
impedance of 8.4.1.5 and the EMC specifieations of 8.7.2.

(2} The inside diameter of the innermost shield shall be 6,15 mm (0.242 i) minimum.

(8) ‘The ouiside dimmeter of the outermost shicld shall be 8.28 mm £ 0,178 mm (0.326 £ 0.007 in).

(4} The outermost shicld shall be greater than 80% coverage. The use of tinned copper braid is advised
to meet the contoet vesistance requirements.

#.4.2.1.5 Overall Jaclket

t1} Any one of several jackel materials shadl be used provided the specifieations of 8.4.1 and 8.4,2 are
nmet.
(2) Either of two jacket dimensions may be used for the two broad classes of materials, provided the
specification of 8.4.2.1.1 are met:
{a} Polyviny! Chloride (for example, PVC) or equivalent having nn OD of 10.287 mm = 0.17% mm
{0.408 nominal & 0,007 ink
(b} Tluoropoelymer (for example, FEP, E-CTFE) or equivalent having an 0D of 8.525 mm %
0.254 mm (0.375 nominal &+ 0.010 in).

The cable shall meet applicable lammability and smoeke criteria and Incal and national codes for the
installed environment, See 8.7.4. Different types of cable sections (for example, polyviny! ehloride and fluo-
ropolymer dielectric) may be interconnceled, while meeting the sectioning requirements of 8.6, See
veferences [AB] and [Ald]

8.4.2.% Jacket Marking. The cable jacket shall be marked with annular mings in a2 color contrasting
with the background color of the jacket. The rings shall be spaced at 2.5 m & 5 em regolarly along the entire
lengih of the cable. I is permissible for the 2.5 m spacing to be interrupted at discontinuiiics between cable
seclions joined by connectors. (See 8.6.2.2 for MAU placement rules that mandate cable markings.) It is
recominended that the base eolor of the eable jacket itsell be a bright color {for example, yellow) other than
that nermally used for power mains.

£8.4.8 Total Segment DC Loop Resistance. The sum of the eenter conductor, conmeetors, and shield
resistance shall not exceed 5 €2 tolal per segment.

Bach in-line connector pair o MAU shall be no more than 10 mQ. Use of these components reduces the
overall allowable segmient length accordingly. Values given above are at 20 “C. For temperature variations,
cable length shall be adjusted accordingly such that the 5 €2 total is not exceeded.

I a trunk coaxial eable segment consists of several eable sectiong, then all connectors and internal resis-
tance of the shicld and center conductor shail be inelnded in the loop resistance measurement.

8.5 Coaxial Trunk Cable Connectors. The trunk coavial medium requires termination and may be
extended or partifioned into seclions. Devices to be aftached o the medium as MAUs requirve a means of
connection to the medium. Two basic connector types provide the necessary connection menns:
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t1r Standard Type M connectors tIBEC Publication 168-16 |41

veF

(23 A coaxiel “iap” eonnoclor

All Type N conneciors shall be of the 50 4 constant impedance type. Sineg the frequencios present m the
fronsmifted duta are well below UHT range ibeing band-limited to approximately 20 Mz}, high-quality
veraiong of the conneetors are nol required (bl ave recommended),

Al of the ecoaxial iap connectors shall follow Lhe requirements as defined 0 8,575,

8.45.1 Inline Coaxial Extension Counector. All coaxint cables shall be terminated with the Type ¥
plug connectors, A means shall be provided ta ensure that the connector shell (which conncets to the cable
sheath) does nol make contacl with any building metal or other unintended conductor. An insulating sleeve
or baot slipped over the connector at installation ime 15 suitable.

Inline eoaxial exiensions between two sections of coaxial cable ghall be made with a pair of Type N recep-
tacle connectors joined together to form one “barrel” An insulating sleeve or boot shall alse be provided
with cach barrel assembly,

8.5.2 Coaxial Cable Terminafor

8.5.2.1 Termination, Coaxial cable lerminators ave used Lo provide a {ermination impedance for the
rable egual in value to its eharacteristic impedance, thereby minhmizing reflection from the eads of the
eables, Terminators shall be packaged within an inline female receptacle connector. e 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 groater,

8.6.2.2 Barthing. Either the coaxizl cable terminator or inline extension connector provides a conve-
mient fucation for meeting the earth grounding requirement of 8.6.2.3. It is recommended that a ground lug
with cuerent rating of at least 1500 ampacity be provided on ane of the two terminators or on one extenaion
vonnector used within a cable segment.
NOTES: 013 A sngle prousd retura lug on an seline conneetor lozated 1 the centor of the eable tranamission systens muy e uspd o

satisly this requirement.
12y Allernatively, terminatora might be supplied in pairs, one with and one withoul the ground tog conneelion point.

8.5.3 MAU-to-Conzial Cable Connection. A means shall be provided to allow for aitaching a MAU to
the coaxial cable. The connection shall not disturb the transmission line characteristics of the cable signifi-
cantly; it shall present a predictably low shunt eapacitance, and therefore a negligibly short stub length.
This is facilitated by the MAU heing loeated as close to its eable connection as possible; the MAU and con-
noctor ave nermally considerad to be one assembly, Long (greater than 30 mn) connections between the
coaxial cable and the input of the MAU jeopardize this objective.

Overall system performance is dependent Jargely on the MAU-to-coaxial cable connection beiny of fow
shund capacitance.

H the design of the conneetion is such that the coaxial cable is to be severed to install the MAU, the coax-
ial cable segment shall still meet the sectioning requirements of 8.6.2.1. Coaxtal connectors uscd on a sev-
cred eable shall be type N, as specified in 8.5.1.

The type N connectors selected should be of high qualify (lhat is, low contact resistance) lo minimize the
impacl on system performance.

If the design of the conneclion is such that the piercing tap eonnector is Lo be used without severing the
cable, then the tap connector and cable assembly shall conform to the mechanical and eleetrieal reguire-
menis ags defined throughout 8.5.3.1 and 8.5.3.2,

8.5.3.1 Blectrieal Hequiremenis. Requiremenis for the coaxial tap connector are as follows:

(1) Capacitance: 2 pi nominal connecior loading measured at 10 MHz.

NOTE: Total capreitance of tap and sctive cireuitry connected directly shall be no greater than 4 pl Specific implementa-
tions way atlovnte eapacitance betwenn tap and cizesitry as deemed appropriate,

12} Contact resistance appliez to center conductor and shield contacts): 5¢ mE maximum for both
shield and center conductor over useful connecior lifetime, ‘
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(3} Contact material: surface material on signal probe or shield sufficient to meet contaet resisiance
requirements in environment and over fime.

t4)  Voltage rating: 600 V de or ac roes maximup:.

(5)  Insulaiion: de lexkage resistance of tap housing shall be higher than 1 GQ between braid and exter-
nal conductors in the normal eperating environment.

(6} Probe current rating: 0.1 A per contact (probe and shield)

(7) Shield current rating: 1 Asurge for 1 s

2.5.3.2 Mechanical Requirements
8.52.2.1 Connector Housing. Shielding characteristics: > 40 dB at 50 MHz,

8.5.3.2.2 Contact Reliability. Overall performance of the LAN system depends Lo a large extent on
the reliability of the coaxial cable medium and the connection to that medium. Tap connection systems
should consider the relevant electrical and mechanical parameters at the point of eleelrical connection
befween tap probe and cable center conductor to ensure that a reliable electrical contact is made and
retained throughout the useful life of these components. 1t is recornmended that some menns ba provided
to ensure relatively constant contact loading ever time, with creep, in temperature, and typical enviren-
ment. Typical coaxial tap connector configurations ave shown in Figs 8-8 and 8.9, See references [All,

[A15], and [A16].

CABLE TROGUGH

LOAMAL CALE

TAR ELOCR

TAR ROREW

NOTE: Tutorial only and not part of specification

g 8-8
Coaxial Tap Connector Configuration Concepts

8.6.3.2.3 Shield Probe Characteristics. The shield probe shall penetrate the cable jacket and
onter layer(s} of the shicld system to make effective capture of the outer braid (pick 2 or more typical
strands).

8.6 System Considerntions

8.6.1 Fransmission System Model. Certain physical limits have been placed on the physieal transmis-
sion system. These revolve around maximum cable longths (or maximwm 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 maodel deseribed here, The maximum configuration is as fol-
Jows: '

(1) A trunk coaxial cable, terminated in its characteristic impedance at each end, constitutes a coaxial

segnient. A coaxial segment may contain a maximum of 500 m of coaxial cable and a maximum of
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¥ig 8-9
Typical Coaxinl Tap Connection Circuil

100 MAUs. The propagation velacity of the coaxial cable is assumed to be 0.77 ¢ minimum (¢ =
300 000 kur/s). The maximum end-to-end propagation delay for a coaxial segment is 2165 ns,

(2) A point-to-point link constitutes a link segment. Alink segment may coniain a maximum end~fo-end
propagation delay of 2570 ns.

(3) Repeater sets are required for segment interconnection. Repeater sets accupy MAU positions on
eoaxial segmonts and eount toward the maximum number of MAUs on a coaxial segment. Repeater
sels may be located in any MAU position on a coaxial segment but shall only be located at the ends
of a link sepgment.

{4) The mazimum length, between driver and receivers, of an AUI eable is 50 m. The propagation veloc-
ity of the AU{ cable i{s assumed to be 0.65 ¢ minimum. The maximum allowable end-to-end delay for
the AUI cable is 257 ns.

{5) The maximum f{ransmission path permitted between any {wo stations is five segments, four
repeater sels (including eplional AUIg), two MAUs, and two AUIs. Of the five segments a maximum
of three may be coaxial segments; the remainder are link segments,

NOTE: If sunly twe link segments are used in the entire network and they are adjacent, the repeatey zet joining them iz nol
vequired (soe Fig B-14), Bnd-to-end jittey, propagation delay, and attenvation requivenients shall still be met.

The maximum transmission path consists of 5 segments, 4 repeater sets (with AUIs), 2 MAUs, and
2 AUIs (see Fig 8-10). The total number of segments equals the nomber of link segments plus the number
of coaxial segments, If there are two link segments on the fransmission path, there may be a maximum of
three coaxial segments on that path. If there are no link segments on a iransmission path, there may be a
maximum of three coaxial segments on that path given enrrent repeater technology.

Figures 8-11, 8-12, 8-13, and 8-14 show transmission systems of varicus sizes to ilhustrate the boundary
conditions on topologies generated according to the specifications in this spction,

8.6.2 Transmission Systemn Reqguirementis

8.6.2.3 Cable Sectioning. Thé 500 m (1640 fi) maximnm 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 hmpedance tolerance of the cable. Since the worst-case variation
from 50 £ is 2 £, a possible worst-case veflection of 4% may result from the joining of two cable aections.
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The configuration of long cable sepments (up Lo 500 md roin smaller sections must be made with care. The
{ollowing recommendaelions apply, nnd arve given in order of preferance:

(1) If possible, the total segment should be made {rom ene homogenesus (no breaks) cable, This is foasi-
bie for short segments, and resulis in minimal reflections from eable impedance discontinuitios,

If cable segments are built up from smaller sections, it is recommended that all seclions come from
the same manufacturer and lot. This is equivalent Lo using a single cable, since the cable discontinu-
ities are due to extruder limitations, and not extruder-to-extruder tolerances. There are no restric-
tions in cable sectioning if this method is used, However, if a cable section in such a system is Inier
replaced, it shall be replaced either with another cable from the same monufacturer and lot, or with
ome of the standard lengths described below.

If uncantrolied cable sections must be used in huilding up a longer segment, the lenpths should be
chozen so that veflections, when they oceur, do not have a high probability ef adding in phase. Phis
can be accomplizhed by using lengihs that arve odd inlegral mulliples of a half wa\“lmgf{l; in the
cable at 5 MHz; this corresponds to using lengths of 23.4 m, 70.2 m, and 117 m Gt 0.5 m) for all sec-
tions. These are considered to be the standard lengths for all cable scetions. Haing these lengths
exclogively, any mix or match of cable sections may he used to build up 2 500 m gegment without
incurring excessive reflections,

(2

€3}

NOTE: If cuble segments are to be added Lo existing installtions, then care shall be taken {explicit physical ov TDR men.
sursrests) 10 engure that no more thas a 500 m cable segment results.
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{4) As a last vesort, an arbitrary configuration of cable sections may be employed, # i has heen con-
firmed by analysis or measurement that the worst-case signal veflection due to the impedonce dis-
contifiuities 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 associnted connections to the cable cause signal
reflections due to their noninfinite bridging impedance. While this impedance zhall be implemented as
specified in Section 7, placement of MAUSs along the coaxinl cable must also be contrelled to ensure that
reflections from the MAU do not add in phase to a significant degree.

Coaxial eables mmarked 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 ecable. This guarantees both a minimum spacing between MAUs of 2.5 m, and con-
trolling the relative spacing of MAUSs o ensure nonalignment on fractional wavelength boundaries.

The total number of MAUs on a cable segment shall not exceed 100,

8.6.2.3 Trunk Oable System Grounding. The shield conductor of cach coaxial cable segment shall
make elecirical contact with an effective earth reference (see Annex) at one point and shall not mahe electri-
cal contael with earth elsewhere on such objeets as building struetural metal, dueting, plumbing fixture, or
other unintended conductor. Insulators may be used to cover any coaxial conneclors used to join cable sec-
tions and terminators, to ensure that this requirement is met. A sleeve or boot attached at installation time
is ncceptable.

This specification is intended for use within (intraplant) buildings. Applications requiring interplant con-
nections by way of external {outdoors) means may require special consideration beyond the scope of the
standard.

The sheath conductor of the AUT cable shall be connected to the earth reference or chassis of the DTE.

8.6.3 Labeling. It is recommended thai each MAU (and supporting decumentiation} be labeled in a man-
ner visible to the user with at least these parameters:

(1} Data rate capability in Mb/s
(2} Power level in terms of maxivmom current drain
(3) Safety warning (for example, shock hazard)

8.7 Environmental Specifications

8.7.1 Generzl Safety Reguirements. All stations meeting this standard shall conform to ong of the fol-
lowing IEC Publications: 380 [5], 435 [6], or 950 (8].

NOTE: For ISOALC 5802-3:1993, conformance shall be to TEC 950 (9.

8.7.2 Metwork Safety Requirements, This section sets forth a number of recommendations and guide-
lines related to safety concerns, the list is neither complete nor does it address all possible safety issues,
The designer is urged Lo consult the relevant local, national, and international safety regulations to ensure
compliance with the appropriate standards. References [A5] and [A9] provide additional guidance.

Local area network trunk cable systems as described in this standard are subject to at least four direct
electrical safety hazards during their use, These hazards are

{1} Direct contact between local network componenis and power or lighting cireuits,

(2} Static charge buildup on lecal network cables and eomponents.

(3} High-energy transients coupled onto the local network cabling system.

{4) Potential differences between safoty grounds to which vavious network components ave 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 faunlts
in an operational system, special measures must be taken to ensure that the intended safely features are
not. negated during installation of a new network or during modification of an existing network.

Proper implementation of the following provizions 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 Instailations. SBound installntion practice, ag defined by applicable Jecal codes snd regulations,
shall be followed in overy ingtance in which such practice is applicable.

8.7.2.2 Grounding. The shicld of the trunk coaxial calde shall be effectively grounded at only one
point along the length of the cable. Effectively grounded means permanently conneeted to earth through a
ground connection of sufficiently low impedance and having sufficient ampacily to prevent the building up
of voltages that may result in undue hazard to conneeted equipment or to persons.

8.7.2.3 Safety. All portions of the frunk cabling sysiem that ave at the same poteniinl as the trunk

cable shall be insulated by adequate means to prevent their contact by either persons or by vnintended
conducters or grounds. The insulation employed shall provide the same or greater dieleetrie resistance to
current flow as the insulation required between the outermost shield of the trunk cable and the abeve-men-
tioned unintended conductors. The use of insulating boois is permitted, provided that such boots (or
sleeves) are mechanically and eleclrically cquivaient o the trunk cable outer insulation characteristics
and are not remaoved easily (that is, they shall prevent inadvertent remeval 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 AU cable to the MAU is removed.

Portions of the trunk cabling system that may become live during the dissipation of a high-energy tran-
sient by the eabling 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 controlled breakdown path
that will shunt high-energy transients to an effective ground either through a separate safety ground con-
nection or through the overall shield of the branch cable. The breakdown voliage of this conirelied break-
down path must meet tlhe isolation requirements for the MAU specified in 8.3.2.1.

8.7.2.5 Isolation Boundary. The isolation boundary between the braneh eable and trunk eable speci-
fied in 8.3.2.1 shall be maintained to properly meet the safety requirements of this standard.

WARNING: It iz 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
scope of this standard.

8.7.2.6 Instaliation and Maintenanee Guidelines

{1} When exposing the shield of the trunk coaxial cable for any reason, care shall be exercised to ensure
that the shield does not make electrical contact with any unintended conductors or grounds. Person-
nel performing the operation should not do so if dissipation of a high energy transient by the cabling
system is likely during the tHime the shield is fo be exposed. Personnel should not contact both the
shield and any grounded conductor at any time.

(2) DBefore breaking the trunk coaxial cable for any reason, a strap with ampacity equal to that of the
ghield of the coaxial cable shall be affixed to the cable shield in such a manner as io join the two
picees and Lo maintain continuily when the shield of the trunl cable is severed. This strap shall not
be remaoved until after normal shield continuity hias been restored.

(3) At no time should the shield of any portion of the coazinl trunk eable to which an MAU or MAUs are
attached be permitted to foat without an effective ground connection. If a section of floating cable is
to be added to an existing cable system, the inslaller shall take care nat to complete the circuit
between the shield of the floating cable section and the grounded cable section through body contact.

{4) The installation instructions for network components shall contain langanage which familiarizes the
installer with the cautions mentioned in the above paragraphs.

{5) Network components shall contain prominent warning labels that refer installers and serviee per-
sonnel to the safely notes in the installation instructions.

8.7.3 Blectromagnetic Bnvironitent

8.7.3.1 Susceptibility Levels. Sources of interference from the environment include electromagnetic
fields, clectrostatic discharge, transient voliages between carth connections, and similar interference. Mul-
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Uple sources ol interference may contribute 1o voltage boildup belween the conxial cablo and the cavthi con-
nectim: of o DTE,

The physicat channel hardware shadl meet its specitications when operating ia eithier of the fullowing
condiiions:

(11 Awbient plane wave field of 2 ¥/m frem 10 kHz through 30 Mz, § Vim from 30 Mz through
1 GHz.
NOTE: Lovels typically 1 km from broadenst staliens.

(21 Interference voltage of 1 Vins 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 (2 source resistance.

MAUs meeting this standnrd should provide adequate rf ground return ta satisfy the referenced EMC
specifications.

8.7.3.2 Emission Levels. The physical MAU and trank cable sysiem shall comply with applicable
Jocal and national codes such as FCC Docket 20780-1980 [AL1] in the USA. Equipment shall comply with
local and national requirements for limitation of eleetromagnelic interference. Where no local or national
requirements exist, equipment shall comply witly CISPR Publication 22 [1].

8.7.4 Temperature and Humidity, The MAU and associated connector/cable systems are expected Lo
operate over a reasonable range of envirenmental conditions related to temperature, humidily, and physi-
cal handling such as shock and vibration. Specifie requirements and vahaes for these parameters are con-
sidered to be beyond the scope of this standard. Manufacturers are requested to indicate in the lteratore
aseoeinted with the MAU (and on the MAU if possible) the operating eavironment specifieations to facili-
tate setection, installation, and maintenance of these components. See reference 1410} for specificalion Ler-
minology.

815 Hegulotory Requirements. The design of MAU and medium components should take into con-
sideration applicable local or national reguirements. See references [AB], [AG], [A7], |A8], [A9], and |AT1]
and Appendix A for helpful rezource material 19

Wappendix A provides useful system goidelines on delays and bit budgets.
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6.1 Qverview. This section specifies o repeater for use witl type IBASES, 10BASE?, and I0BASE-T not-
vorks and fiber oplie interreponier links {(IFOIRLan A repenter {or any uf,hoz' 150 8802-3 network type is
hevand the scope of this section.

A vepeater sel connects segments of network medivm together, thus allowing larger topologies and a
largrer MAT base than ave allowed by vules governing individual segments (that is, for 10BASES, 500 m
and 100 siadions,; for 10DASBER, 185 m and 30 siations; for TOBASE-T, nominal 100 m link sepment),

Repeater sets are used to extend Lhe network fength and topology beyond what eould be achicved by a
single coaxial segment, as defined in 8.6 or 10.7, Segmaents may be connected directly by a repeater set (Mg
9-1) or by pairs of repeater unilys which are, in turn, connected by infer-repeaier nhs (TRLs). Allowable
topotogies shall contain only one operaiive signal path between any fwe points on the nelwork, A& maxi-
mum of {our repealer sets may be in the signal path between any two staliong on the network (this
assumes two Hnk segments).
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HOTE: The AUl is not necsssaily expased when the MAU is, optionally, part of tha physicsl repeatar,

Fig 8.1

fiepeater Hei, Coaw-to-Loax Configuration

If the repeater set uses MAUs connected via Alils 1o a repeaier unit, the external MAUs shall be basic
MAUs with the exception of the signal_guality_error {est function. A manufacturer may, optionally, inte-
grate one or all MAUs into o single package with the repeater unit (internal MAUSs), In all cases, the MALU
portion of the vepeator set must be counted toward the maximum nomber of MAUs on cach segmont, o
specilied in 8.6 and 10.7. A repeater sei 38 not a station and doos not cound townrd the overall limit of 1024
stations on a network.

A vepeater set ean receive and decede data frem any sepment under worsi-case noise, timing, and signal
amplitude conditions. It retransmits the data to all other segments attachied fo it with Hming and ampli-
tude restored, The retranamission of data sceurs simultaneously with reception, I a collision oecurs, the
repeater set propagates the collision eveni throughoui the network by transmitting a Jam signal.

8.2 Dedinitions

data frame. Consisis of the Destinalion Address, Souree Address, Length Field, LLO Datla, Pad, and
IFrame Check Sequence,

137

HPE 1022-0133



ISQ/AEC 8802-3 1 1893
ANSVIEER Std BO2.3, 1993 Fdition LOCAL AND METROPOLITAN ARBA FNIZIWORKS:

Fiber Optic Medinm Attachment Upit (FOMAU). The portion of the physical layer betweren the
FOMDI and AUI {or repeater unit physieal layer signaling [PLS] when the AU is not implementaed) which
cantaing the eleetronies that transmit, receive, and manage the enceded signals impressed on, and recov-
ered from, the optieal fiber eable link segment,

Fiber Optic Medium-Dependent Interface (FOMDI). The mechanical and optieal interface between
the optical fiber cable link segment and the FOMAL.

Fiber Optic Physical Medium Attachment (FOPMA). The portion of the FOMAU that containg the
functional cireuitry.

FOIRL BER. Mean bit error rate of the FOIRL.

FOIRI, Collision. Simultancous transmission and reception of datn in a FOMAU.

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

FOMAWs Transmit Optical Fiber The optical fiber jnto which the local FOMAU transmits sipnals.
FOMAU’s Receive Optical Fiber. The optical fiber irom which the local FOMAU receives signals.

IRL (Enter-Repenter Link). A mechanism for interconnecting two and only two repeater units,

link segment. The point-to-peint full duplex medium connection between two and only two Medium-
Dependent Interfaces (MDIs}).

optieal fiber. A fillament-shaped optical waveguide made of dielectric materials.

Optical Fiber Cable Interface, See FOMDIL

Gptical Fiber Cable Link Segment. A length of optical fiber cable that contains two optical fibers, as
specified in 9.8.5.1, and is comprised of one or more optical fiber cable sections and their means of intercon-

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

Gptical Idle Signal. The signal transmitted by the FOMAU into its transmit optical fiber during the idle
state of the DO circuit.

Packet. Consists of a data frame as defined previously, preceded by the Preamble and the Start Frame
Delimiter.

port. A segment or IRL interface of a repeater unit.
repeater unit. The portion of a repeater set that is inboard of its PMA/PLS 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 Interfaee. The repeater shall attach to its network segments by any of the means
specified below,
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89.4.1 AUY Compatibility. The vepeater wnit shall be compatible at ity AU connector (if eo equipped? as
specified in Section 7 with the exception of the signel_guality_error message Test, 7.2,1.2.3, which vhall nut
be implemented,

The MAUs associated with the repeater shall be as specificd in Section 8 for type 10BASES or Section 10
{or type L0BASE2 with the following resivictions:

(1} ‘The MAU shall implement receive meode collision detect as defined 1n 8.3.L.5 or 10.4.1.5.

(2) The MAU shall not implement the signal_quality_error message lest function as defined in 8.2.1.1
and 10.3.1.1.

(3) 'The MAU shall not activate its Jabber function whan operated under the worst-case Jabber Lockup
Protection condition as specified in 9.6.5.

MAUs associated with the repeater unit shall be as specified in Section 14 for type I0BASE-T with the
restriction that the MAU shall not perform the signal_quality_error message Test function as defined in
14.2.15.

8.4,2 Direct, Coaxial Cable Compatibility. The repeater set, which includes MAUs integrated with
the repeater packapge (internal MAUSs), may have any of the interfaces specified in the following subsee-
tions,

9.4.2,1 Direet Cable Attachment Compatibility. The repeater shall be compatible at its coaxial tap
connector (if so equipped) as specified in 8.5.3 of the 10BASES standard. The MAUs associated with the
repeater that are connected in this manner shall be subject to the restrictions of MAUs as speeified in 9.4.1.

9.4.2.2 “N” Connector Compatibility. The repeater shall be compalible 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 be subject to the restrictions of MAUs as specified in 9.4.1,

9.4.2.3 BNC Compatibility. The repeater shall be compatible at its BNC connector (if 8o equipped) as
specified in 10.6. The MAUs associated with the repeater that are connected in this manner shall be sub-
ject to the restrictions of MAUs as specified in 9.4.1.

9.4.3 Linl Segment Compatibility, The compatibility interfaces for link segments including IRL seg-
ments are either vendor-dependent, as specified in 9.4.3.1, or are vendor-independent MDI, as defined in
the remainder of this section.

9.4.3.1 Vendor-Dependent IRL. The budget allowances for the topology supported by the IRL shall
ensure that the total network round-trip delay requirement is met and the maximurm collision frame size ol
511 bits is not exceeded. (See 8.6.1 and 10.7.1.)

9.4.3.2 Vendeor-Independent FOIRY, A vendor-independent FOIRL provides a standard means of
connecting two repeater units. It comprises a fiber optic medivm link segment, a FOMAU at each end of
the link segment, and if present, AU Interfaces. A vendor-independent FOIRL is suitable for interconnect-
ing coaxial segments, especially segments located in different buildings.

The vendor-independent FOMALT should be compatible at its FOMDI, as specified in 9.9, 1f a FOMAU
containg an AU Interface, it shall be electrically and mechanically compatible at its AU connector as spee-
ified in Section 7, with the exception of the signal_guality_error message Test, 7.2.1.2.3, which shall not be
implemented.

9.4.3.3 Twisted-Peair Jack Compatibility. The repeater sef shall be compatible at its 3-pin modular
jack (f so equipped), as specified in 14.5. The MAUs 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 Basgic Functions

%.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 basie fairness criterion for all DTEs te
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access the network or weigh it loward any LIS or group of T Es repardleas of network fovation, A vepealer
soed shall not attesmpt to be o packet store and forward device.

Repeaters are not addressable. An addressable station on the network that vondrols 2 repeater iz vutside
the scope of this standard.

9.5.2 Signal Ampiifieation, The repeater set Gneluding its aseocinted or integral MAL) shall eusure
that the amplitude characteristics of the signals ot the MDI sutputs of the ropeater set are wilhin ihe Lol
erance of the specification for the appropriate MAU type. Therefore, any loss of signal-to-neise ratio due to
cable loss and noise pickup is regained af the outpui, of the repenter sel s long as the ncoming datu iy
within the system specification,

9.5.3 Bignal Syammetry. The repeater set shall ensure that the symmetry chavacteristies of the signals
at the MDT outputs of a repeater set are within Lhe telernnee of the speeification for the appropriate MAU
type. Therefore, any loss of symmetry due fo MAUS and media distortion is regained at the output of the
repeater set.

45,4 Signal Retimiog, The repeater unit shall ensure that the encoded data outpul from the repeater
unit is within the jitier tolerance of a Lransmitling DT as specilied in 7.3, Therefore jilter cannot accumu-
late over multiple segments.

8.5.5 Data Handling, The repeater unii, when presented a packel at any of its poris, shall nass the data
frame of gaid packet intact and without modifieation, suhiraciion, or addition to all other ports connected
with the repeater unit, Uhe only exceptions Lo this rule are when eontention cxists among any of the ports
ar when the receive port is parlitioned as defined in 9.6.6. Between unpariitioned ports, ihe rales for colli-
sion handling (9.5.6) take precedonce.

9.5.8.1 Start of Packet Propagation Delays. The strt of packet propagation delay for a repeater
set is the time delay between ihe fivst edge transition of the packet on its repeated from {inpug) port to the
firat edge transition of the packet on its repeated to (nutput} port (or ports),

For a repeater unit with AUT connectors ab input and cutput ports, this thme shall be less than or equal
to 8 bit times.

For a repeater set with inteynal FOMAUs, 10BASTS, or 10BASISS MAUs on both input and vuipul ports,
an additional 6.5 bit times delay for an input port MAL and 3.5 bit times delay for an output part MAU
shall be allowed. This added delay does not include any de rise time for the coaxial eable,

For a repeater set with internal IOBASE-T MAUs on input and outpaf perts, an additional & BT delay
for an inpul port MAT and 5 BT delay for an output port. MAU shall be attowed.

9.5.6 Collision Handling

9.5.6.1 Collision Presence. The repeater set shall implement the Collision Presonce Funetion using
receive-mode collision detection as specified for the iedia with which it is connected.

0.5.6.2 Jam Generation. I a collision is deteeted on any of the ports (o which the repeater set is
tronsmitting, the repeater set shall transmit a Jom {o all of the ports to which it f& cannested The Jam
shall be transmitted in accovdance with the Repeater Unit Staie Diagram in Fiy 9-2 and shall be as speci-
fied in 4.2.3.2.4 with the further constraint that the first 62 bits transmitted {0 any port shall be a pattern
of alternate 1 and O's starting with the first bil tranemitied aga 1.

9,5.6.3 Collision-Jam Propagation Delays. The stact of collizion propagelion delay for a repeater

set is the fime delay between the first edge transition of the signal_qualify_crror signal on any of ils poris
to the first edge transition of the Jam on its (ontputd port (or poris).

For a repeater unit with AUT connectors al input and output poits, this thne shall be less than or cqual
to 6.5 hit times. )

Fror a repeater set with internal FORMAUg, 10BASEZ, or 10BASES MAUs on both input and output
ports, an additional allowance of 9 bit times delay for an input port MAT and 3.5 bit times delay for an out-
put port MAU shall ke made. This added delay does pot include any de rise time for the ecoaxial cable,
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Fou a repeater sel with internal T0BASEST MAUS o input and enipul ports, on additional § D0 delay
oy an inpuf port MAU and 5 BT delay for an ontpul port MATT shall be allewed.

The cessation of Jaw propagation delay for o vepeatar unil s the thne delay bebwoen the input signals st
its ports reaching a staie sach that Jam should end at o pert snd the Inat fanasition of Jam ot that port.
The states of the input signals that should eause Jas to end ave covered in detail o the repeaier state dia-
prams,

lior a ropeater unil with AUT connectors at input and vutput ports, this tme shall be fess than or equal
to 5 bit ihmes when nol extending fragments. When extending {ragments, this delay may be longer as
required by the fragment extension algorithm. See 9.6.4,

i

for a repeater set with intemal FOMAUs, 10 BASEZ, and LOBASES MAUs on iis inpul ports, an addi-
tivnal allowanee of 0.5 bil time delay for DT and 20 bit tines for signal_guality_error deasseriion shall be
made. For a repeater set with internal FOMAUSg, 10BASE2, and 10BASEA MAUs on its sutpul ports, an
additional allowance of 0.5 bit time delay shall be made, This addel delay does not include any de fall time
for the coaxial cable.

IPor a repeater set with inlernal T0BASE-T MAUs on its inpul ports, an additional 2 BT delay for DI and
G BT for signal_quality_crror deassertion shall be allowed, For a vepeater set with intornal MAUs on it
vuipul ports, an additional 2 BT delay shall b allowed.

9.5.6.4 Transiit Hecovery Time. [t is essential that the vepeater unil not moenitor & port Tor input
for a short time after the repeatey stops transmitting (o that port. This recovery {ime provents the repeater
from receiving its own fransiission ag g new receive activity, The minimum recovery time allowable for »
repeater is implementation-dependent, but must be greater than the sum of the delays in the transmit and
recetve paths for the pert. In all eases the recovery time must be less than 10 bit times from ihe last transi-
tion on the transmitting AU Interface.

8.5.6.5 Cayyier Recovery Time. During a collision, the inpur _sdte signal is unreliable for short peri-
othe of time (bits) because of the possibilily of signal canceliation on the collision segment. In order to pre-
veni premature detection of the irue end of the eollision, the repeater unit muast wail for data to hecome
sensed from a port for a short time after signal_guality_error has gone inaciive from that port, This recov-
ory time prevents the repeater from prematurely ending o Jam on an active nefwork, The mininnnn cavrier
recovery time allowable for a repeater is implomeniation-dependent, but shall be greater than the
CARRIER ON time after signal_quality_error is deasserted. Tn all eases, the carrier recovery {ime shall be
tegs than 4 bit times from the last transition on the AU Interfaee,

9.5.7 Bleetrical Isolation. Network segpments thal hove different iselation sand grounding reguirements
shall have those requivements provided by the pori-te-pori iselation of the repeater sel.

9.6 Detailed Hepeater Punections and Siate Diagrams. A precise algorithmic definition is given in Uis
seetion, providing a complete procedural model for the operation ol a repeader, 1n the form of state dia-
grams. Nole that whenever theve is any apparent ambiguily concerning the definilien of repeaier opera-
tion, the state diegrams should be consulied for the definitive etatemoent.

The nodel presented in this section is intended as o primary specifiention of the {unctions (o be provided
by any repeater vail. It is important to distinguish, however, bebween the model and a veal implementa-
tige, The model is optimized tor simplieily and clarity of presentation, while any vealistic implementatios
should place heavier eimphasis on such constrainis as efficieney and suitabilily fo 2 particutar implementia-
tion technology.

1t is the functional behavior of any vepeater unit iinplementation that shall mateh the standard, not the
internal structure. The internal delails of the procedural madel are useful only to the extent that they help
specify the external behavior clearly and precigely. For exmnple, the model uses a separate Transmit Timer
state machine for each port. However, in an actueal implementation, the hardware may be shared.

36,1 State Diogram Notation: The notation nsed in (he state diagrany (Figs -2 through 9-8) fallows
the conventiong in 1.2.1.

HPE 1022-0137



=

ISONEC 8B02.3 1 1993
ANSVIEEE 8t 802.3, 1983 Bdition LOCAL AND METROPOLITAN AREA NETWORER

Description of State Dingram Varishles
Input/Cuiput Variables

Dataln (£)
Status of Dataln input at port X,
Values: 1T = input_icle; indicates no activity
-JI; indicates activiky
Note that Dataln (X} may be undefined during collision
but that it is a don’t care in all instances when this is troe.

CollIn (X}
Status of Controlln input at port X.
Values: SQE = signal_gualily_error ; indicates collision
~SQF ; indicates no collision

Out (X)

Type of output repeater is sourcing at port X.

Values: Idle ; Repeater is not {ransmitting
~ldle ; Repeater is transmitting Preamble Patiern
or Data or Jam or TwoOnes.
Preamble Pattern ; Bepeaier is sourcing alternating 1's and
(s on port X.
Data ; Repeater is repeating data frame on port X.
Jam ; Repeater is sourcing Jam on port X.
TwoOnes ; Repeater is sourcing two consecutive Manehester
encoded ones on port X,

DisableQut (X)
Override of Out (X)
Values: ON ; Disable repeater transmission regardless of value of Qut (X).
—ON ; Repeater transmission depends on the value of Cut (X),

Port Variables

TT (X
Transmit Timer indicates number of bits transmitted on port X.
Values: Positive integers

Inter-Procesz Flags

AllDataSent
All received data frame bits have been sent.

Bit Transmitied
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.

Twil
Wait Timer for the end of transmit recovery fime (see 9.5.6.4). i is started by StartTwl. Twi1Done
is satisfied when the end of transmit recovery time is completed.
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Tl
‘Wait Thmer for the end of carrier recovery time tsee 9.5.6.5). It i stacted by StartTw, Tw2lone 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.

Twd

Wait Timer for time to disable output for Jabber Lockup Protection (see 9.6.5). It is started by
StartTw4, TwdDene is satisfied when the timer has expired,

Port Functions
Port (Tbst)
A function that returns the designation of a port passing the test condition, For example, Port

(Collin=SQE) returns the designation: X for a port that has SQE true. If multiple ports meet the
test condition, the Port function will be assigned one and only one of the acceptable valnes.

Port Designation

Ports are referred to by number. Port information is obtained by repincing the X in the desirved function
with the number of the port of interast, Ports are referred to in general as follows:

ALL Indicates all repeater ports are to be considered. All ports shall meet test conditions in order
for the tesl to pass.

ANY Indicates all ports are to be considered. One or more ports shall meet the test conditions in
order for the test to pass.

ONLY1 Indicates all ports are to be considered. One, bul not more than one, port shall meet the test
condition in order for the test 1o pass.

X Generic port designator. When X is used in a state diagram, its value is local to that diagram
and not glohal to the set of state diagrams,

N Is defined by the Port function on exiting the IDLE state of Fig 9-2. It indicates o port that
caused the exit from the IDLE state.

M Is defined by the Port fanction on exiting the TRANSMIT COLLISION state of Fig 9-2. It indi-
cates the only port where Collln=SQE.

ALLXN Indieates all ports excepl N should be considered. All ports considered shall meet the test con-
ditions in order for the test io pass.

ALLEM Indicates all ports except M should be considered. All ports considered shall meet the test con-
ditions in order for the test to pass.

ANYXEN  Indicates any port other than N meeting the test conditions shall cause the test to pass.

ANYXM  Indicates any port other than M meeting the test conditions shall cause the test to pass.
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Dut{ALL) = ke
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Dataln (ANY) = 10+ ] Colts{AlY) = SOE e Port(Cellln & SQE)
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Out {ALLKH) = TwoDnes

E Coltln (4] = SQE + {Datatalrl) = 1¥ Collin (ALL) = SGEs

Colitn (ARYXH) = SOQF

TwoOnes Sent ColinlalL) = SOES
?Daminm] H

SEND DATA

TeesesararEaan

Out{ALLEN) = Data

Collin {ARYXN) = SQE g Collln () = SOF + {Datsin{R) = I
Collin(ALLY = SOEF AliDataent® 2
THANYXN) < 06)

% A\ % < :
1? hd Datak (R} = 5 Collin{ALLY = SGE * RECHIVE COLLIBION
At st

TRANSHAIT COLLISION TTALLEN) =86 # AHDstaSent
PRt Out {ALLARY = Jam

Cut{ALL) = Jam

Collin [ANYXH) = 50F

Collin (ALL) = SGE * TY(ALL) 2 964 TwiDooe

Dataln (R =115

Collin {ORLY1) = 5QE © Coflla (ALL} = S *
TT(ALLY 2 3G [e=Port{Tollin = SQEN THALLEN) = 865
? Tw2lbone
OREPORT LEFT

IEEEE RN

Raan
Gut{ALLEM) = Jam

Collin{AN Y} Dataln () = 1% 3
= SO Collin {ALL) = 5GE = ; %V 7 %

Tw2Done

i

SMartTwi
QuilALl) = kdie

CollinéANY}=SGE+
TwriDone

MOTE: Qut {X) = Idlz in all Instancas unless spocified otherwise.

Fig 9-2
Repeater Unit State Diagram
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Mg 8-3 Fig 9.4
Transmit Timer State Diagram T State Diagram
for Port X
BEGIN

v_y

PALE IDLE
SR A
DisableDut = ON

Out{ANY) = idis

A4

TREQUTEUT |

DisableOut = OF

StartTw3

OutfALL) = Tl T/3Done" DutlANY) - idia

YV
DISABLEOUTRUT ]
DisableQut = OR

StartTwd

TwdDone

Pig 95
MAYU Jabber Lockun Protection Sinte Diagram
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9.6.2 Date and Collision Handling. The repeater umi shall implement the CARRIER_ON function i
ail i ports. Upon detection of carvier from one port, the 1c~p-:rztm* unit shadl repeat all veccived signals in
the Dats I’iimw from that porl & the other port (or pores).

‘Phe repeater unit data and enllie mn—hfmdlum algorithny shiall be as defined in Fig 9-2,

8.6.3 Preamble Hegeneration. The vepeator unit shall ontpnt at least 56 bils of preamble followed by
the SFD. When the repeater unif must send more than 56 bits, the maximurm length preamble patiern it
shall zend is the number received plus 6.

264 Fragment Extension. If the received bit scguence from CARRIER_ON to CARRIER_OFT is
fewer than 96 bits in length, including preamble, the repeater unit shail exfend the oulput bit sequence
with Jam such that the total number of bits cutput from the repeater unit shall equal 96.

5 MAU Jabber Lockup Protection. MAU Jabber Lockup Protection must operate as shown in the
MAU Jabber Loclkup Protection state diagram. The repeater unitl shall interrupt its output if it has {rans-
miitted continuously for longer than 5 ms ar 50 000 bit times — 20% + 50%. The repeater unit shall then,
after 96 to 116 bit times (9.6 Lo 11.6 ps), re-enable transmissions.

9.46.6 Auto-Partitioning/Reconnection (Optional)

9.6.8.1 Overview In large multisegiment networks it may be desirable that the repeater unit protect

the network from some fault conditions that would halt all neiwork communication. A patenti.lli'v likely

canse of this condition could be due to a cable break, a faulty connector, or a faulty or missing termination.

In order to isolate a faulty segment’s collision activity from propapgating through the network, the

repeater unit may optionally implement an anto-partition algorithm and, on detection of the malfunction
being cleared, an aute-reconnection algorithm.

9.6.6.2 Detailed Auto-Partition/Reconnection Algorithm State Diagram. Repeater sets with
10BASE-T MAUs shall implement an auto-partition/reconnection algorithm on thoge paris. The repeater
unit may opiionally implement an aute-partition/reconnection algorithim that protects the rest of the net-
work from an open-circuited segment. If the repeater unit provides this function, it shall conform to the
state diagram of Fig 9-6.
The algorithm defined in Fig 9-6 shall isolate a segment {rom the network when one of the following two
conditions has occurred on the segment:

{1} When a consecutive collision count has been reached; or
{2) When a single collision duration hag exceeded a specific amount of time.

When a segment is partitioned, Dataln (X) and Collln (¥) from that segment. are {orced to II (input idle)
and -SQI (no collision), respeclwely, 50 that activity on the port will not affect the repeater unit. Quiput
from the repeater to the segment is not blocked.

The segment will be reinstated when the repeater has detected aciivity on the segment for move than the
aumber of bits specified for Tw5 without incurring a collision.
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Deseription of Blate Disgraw Variables and Constanis
Pori Constants

COLimit
The number of consecutive collisions that must occur before a segmenl is partitioned. The valuc
shall be greater than 30,

mput/Quiput Vaviables

DIPresent(¥)
Data in from the MAU on port X. (This input is gated by the partilion stale machine tn produce
Dataln (X) to the main state machine.)
Values: II = input_jdle ; no activity
-IT = Input not idle ; activily

ClPresent(X)
Control input from the MAU on port X. (This input is gated by the partition state machine {a pro-
duce Collln (X) to the main staie machine.)
Values: SQE = signal_gquality_error ; indicates collision
~SQE ; indicates no collision

Port Variahles

COED
Conseculive port eollision eount on a particular port X, Partitioning occurs on a terminal count of
CCLimit being reached.
Values: Positive integers up to a terminal count of COLimit.

Inter-Process Flags

Twb
Wait Timer for length of packet without collision, Its value shall be between 450 and 560 bit times.
It is started by StartTwb. TwbDone is satisficd when the timer has expired.

TwG
Wait Timer for excessive length of collision, Its value shall be between 1000 and 30 000 bit times. Ii
is started by StartTw6. TwbDone is salisfied when the timer has expired,
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CiPresent{X} =SQE
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Fig 9-6
Partitioning State Diagram for Port X
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8.7 Blecivienl Isolation. There are two cleclrical power distribution envivonmenis to be conaidered T
require different electrical inolation properties.

Eavironment A — When a LAN nr LAN sepgment, with el its associatud intereonnecled equipment, is
entively contained within a single low-valtage power distribution system and witlin
a single building.

Eovironment B — When a LAN crosses the boundary between separate power distribution systems o
the boundaries of a single building.

The repeater unit shall comply with applicable local and national codes related {o safety. Sec ROMA-97
1AG].

8.7.1 Bnvirenment A Requivements. Atinchment of network segments via repeaters (sets) possessing
internal MAUs requires electrical iselation of 500 Vrms, 1 minute withstand, hetween the segment and the
protective ground of {he repeater unit,

For repeater ports that connect to external MAUs via an AU Interface, the requirement for isolation is
encompassed within the isolalion requirements of the basic MAU standard. (See 8.3.2.1, 10.4.2.1, and
14.3.11,) The repeater unit shall not require any electrical isolation between expesed ATT Inlecfaces or
hetween exposed ALY Inferfaces and chassig ground of the repeater unit. Mo isolation boundary necd there-
fore exist at any AUT compatible interface (that is “D” conneclor) provided by a repeator unit,

4.7.2 Bnvirenment B Reguirements. The atlachment of network segments, which cross environment
A boundaries, requires clectrical isolation of 1500 Vrms, 1 minule withstand, between each segment and
all other altached segments and also the protective ground of the repeater unit.

It is recommended that this isolation be provided by the use of external MAUs connected by AU Inter-
faces. If internal MAUs are used the segments shall be installed such that it is not passible for an equip-
ment uger to touch the {runk cable screen or signal conduetor. A repeater of iy variely requires
professional installation.

The requirements for inferconnected coaxial cablefelectrically conducting LAN segments that are par-
tially or fully external to a single building environment may require additional protection against lightning
sbrike hazards. Such requirements are heyond the scope of this standard, It is recommended that the above
situation be handled by the use of a nonclectrically conducting IRL (for example, fiber optic).

It is aszumed that any nonelectrically conducting segments will provide sufficient isolation within that
media to satisfy the isolalion requirements of environment B.

9.8 Reliability. A 2-port repeater set shadl be designed to provide a mean time between fallure {(MTBF) of
at least 50 000 hours of continueus operation without cansing & communieation failure among stations
attached to the network medium, Repeater sets with more than two ports shall add no more than 3.46 »
10-6 failures per hour for each additional port.

The repeater set clectronics shall be designed to minimize the probabifity of component failures within
the repeater electronies that prevent communication among the other MAUs on the individual coaxial
cable segments. Connectors and other passive components comprising the means of connecting the
repeater to the coaxial eable shall be designed ta minimize the probability of total network failure.

9.9 Viedinm Attachment Unit and Baseband Medivm Specification for o Vendor-Independent
POIRL

4.8.1 SBcope

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 he achieved by
interconnecting coaxial segments via repeater setg ondy, as defined in $.6 or 10.7. A vendor-independent
FOIRL is particularly suiled for interconnecting coasial gegments located in different buildings. The
FOMAU described in this document is not intended for vse in connecting DT'Bs.
In particular, this section defines the following:
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(1) The functional, optical, electrical, and mochanieal characteristics of a fbev splic S1AL (FOMAU}
auifable for interfucing to a repeater unit, either diveetly (FOMAU and repeater unit indegrated into
asingle package) or vin an AUT mechanieal conneclion,

(2} Various optical fiber sizes suitable for connecting only two FOMAUs,

A schematie of the vendor-independent FOIRL and its relationship to the vepeater unit is =hown
in Fig 9-7. The vendor-independent FOIRL comprises an optical fiber cable link segnient, a vendor-
independent FOMAU at each end of the link segment and, if present, AU cables,

The purpose of this specification is to enable intevoperability of FOMAUs that originale from dif-
ferent manufacturers, thereby facilitating the development, of simple and inexpensive infer-vepeater
links (IRLs). To satisfy this objective, the FOMATT has the following general characteristics:

(a) Enables coupling the repeater vnit, PLS directly, or by way of the AU mechanical connection,
to the explicit baseband optical fiber cable link segment defined in this section of the siandard.

(h)  Supports signaling at a data rate of 10 Mb/s,

(¢)  Provides for driving up to 1000 m of an optical {iber cable link segment,

(d) Operates indistinguishably from a vepeater set MAU, ag defined in Section 8, 10, or 14 whoen
viewed {rom the AU Interface.

(¢) Supports 10BASE2, 10BASES, and 10BASE-T system confipurations as defined in Sections 8,
10, and 13 of this standard.

(f}  Allows integration of the FOMAU into a single package with the repeater unit, thereby elimi-
nating the need for an AUT mechanieal connection.

The implementation may incorporate additional features, for example those that atlow compatibility
with vendor-dependent FOMAUSs, as in 9.4.3.1. The means to support these fealures are beyond the scope
of this subsection,

9.4.1.2 Application Perspective: FOMAU and Medium Objectives. This section states the broad
ohjectives underlying the vendor-independent FOIRL specification defined throughout this section of the
standard, These are as follows:

(1) Provide the physical means for connecting only twe repeater units.

(2) Define a physical interface for the vendor-independent FOMAU component of the vendor-indepen-
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 hit ervor rate performance,
The resultant BER of the FOIRL should be less than ane part in 1010,

(4} Provide a means to prevent packet transmission through an FOIRL when transmission capability in
one or both directions is disrupted,

2.9.1.3 Compatibility Considerations. All implementations of {he vendor-independent FOMAU
shall be compatible at the FOMDI and at the AUI (when physically and mechanically implemented).

This standard prevides an optical fiber coble link segment specification for the interconnection of only
fwo FOMAIT deviees, The medium itself, the funclional capability of the FOMAU, and the AUT are defined
to provide the highest possible level of compatibility among devices designed by different manufacturers.
Designerz are free to implement cirenitry within the FOMAU in an application-dependent manner pro-
vided the FOMDI and AUI are satisfied. (The provision of the physieal and mechanieal implementation of
the AU is optional.)

9.9.1.4 Relationship fo AUL A clese relationship exists between this section and Section 7. This see-
tion specifies all of the physieal medium parameters, all of the FOPMA Togical functions residing in the
FOMAU, and references the AUI defined in Section 7 with the exceplion of the signal_gqualify_crror 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 FOMATU compenent requires the use of both this section and Section 7 for the AUT specifications.

9.9.1.5 Mode of Operation. The FOMAU functions as a dirvect connection hefween the optical fiber
cable link segiment and the repeater unit. During collision-free operation, data from the repeater unit is
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frig 9-7
Schematic of the Vendor-Independent FOIRL and Its Relationship to the Repeater Unit

transmilted into the FOMAWs transmit optical fiber, and 2l data in the FOMAU's receive optical fiber is
transmitted to the repeater unit.

9.9.2 FOMAU Tunectional Specifications. The FOMAU component provides the means by which sip-
nals on the three AUI signal circuits are coupled:
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(1) rom the repeater upii into the FOMAU's mransmit optieal fiber, and
123 Fram the FOMAUs receive optical fiber to the repeater unit.

T achieve this hasic chjective, the FOMAU component vontains the following funclional eapabilitios to
Laridle message flow between the repester unit and the optical fiber cable link segment:

(0)  Trensmil Funciion : Thie ability to recetve serial bit sireams from the attached repenter
unit and {ranamit them into the FOMAUs optical fibor.

by Recefve Funeiion : The ability to reeeive serial data bil sirveams fvrom the FOMAU's
receive optical fiber and transmit them to the attached repeater
unit.

te)  Collision Presenee Functivee @ The ability {o defect, and report to the attached repester unit, an
FOTRL collizion.

(d) Jabber Function . The ability to automatically interrupt the Transmit Function and

inhibit an abnormally long output daia stream.

pw

(o) Low Light Level The ability to automatically interrapt the Reccive Fanetion and
Detection Function inhibit the reception of signals from the FOMAU's receive optical
fiber which could result in abnormally high BERs.

5.9.2.1 Transmii Funetion Reguirements. Al the start of & packet transmission inlo the FOMAU's
transmit optical fiber, no more than two bits (two full bit cells) of information may be recaived from the DO
civeutt 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
transmitted into the FOMAU's transmit oplical fiber and shali exhibil the following:

t1) No more edge jitter than that given by the sum of the worst-case edge jitter components specified in
74.3.6,7.5.2.1, and 5.9.4.1.7, and
{2y The levels and waveforms specified in 9.9.4.1.

The FOMAU DO circuit shall comply witl: the AUl specification for receivers given in 7.4.2. The
FOMAU's DI civeuit 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-hall a bit cell. Tt is recommended that ihe designer provide an
implementation in which a minimum threshold fevel is required on the DO circuit to estabhish a transmit
bit stream,

The higher optical power level transmitted into the FOMAUs Lransmit optical fiber shall be defined as
the low (LO} logic state on the eptical fiber link segment. There shall he no logical signal inversions
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 logs plus invalid bits plug steady-state propagation delay), as dis-
tinet from the absolute start-up delays, between any two packets that are separated by 9.6 ps or less shall
not exceed 2 bit, cells.

The TOMAU shall loop back a packet received from the DO cireuit into the DI circuit. At the start of a
packet transmission, no more than five bils of information may be reecived from the DO circuit and not
transmitted into the DI cireutt. It is permissible for the first bit sent to contain encoded phase violations or
invalid data. All successive bits of the packet shall be transmitted inte the DI cireuit and shall exhibit no
more edge jitter than that specified for signals transmitted into the DI cireuit by the Receive Function, as
specified in 9.9.2.2, The steady-state propagation delay between the DO eireuit reeeiver input and the DI
cireuit driver output for such signals shall not exceed one bit cell. There shall be no logical signal inver-
sions between the DO cirenit and the DI circuit during collision-free transmission.

When the DO circuit has gone idle after a packet has been transmitted into the FOMAUs transmit
optical fiber, the FOMAU shall not activate the Collision Presence Function so as not to send the
stgnol_guality_error roessage Test of 7.2,1.2.5(3) to the repeater unit,

During the idle siate of the DO cireuit, 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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seaneition fo the higher aplictd power Jevel must oceur noe suoner than 490 pe and no laier than 2100 os
after ihe packet’s last teansition to the lower optical power level This first optical pulse mustneet the rim-
g reguirements of 9.9.4.1.4,

The FOMAU shall not introduce extrancous optics] signasls inlo the transmil optical fiber nader normal
gperaiing conditions, including powering-up or powering-down of the FOMAU,

9,8.2.2 Hecelve Function Reguirements, Al the start of a packel recoption from the POMATs
veceive opiieal fiber, no wmore than tweo bits {iwo full bit vells) of inforination may be received from the
FOMAUs reccive optical fher and nof transmifted into the DI cirenit. 1t iz permissible for the first bit
wranzmitted inte the DI cireuii to contain encoded phase violations or invalid data. All suecessive bits of the
packet shall be transmitted into the DI eireuit and shall exhibit the following:

(13 The fevels and waveforms speeified in 7.4.1, and
(21 Neo more edge fitker than that given by the sum of the worst-case edge jitter components specified in
T2.3.6, 752,10, 9.9.4.0.7, 0.04.2.2 and 9.9.5.1.

The steady-state propagation delay between the outpul of the FOMALUs receive optical fiber and the out-
put of the DI cireuit driver shall not exceed one-half a bit eell. There shall be no logieal signal inversians
between the FOMAU's receive optical fiber and the DI eircuit during collision-free operation, as specified in
9.9.4.2.3.

The difference in the start-up delay (hit loss phug invalid bits plus steady-state propagation delay), us dis-
tinet, from the absolute start-up delays, between any two packets thal are separated by 9.6 ps or less shall
not: exeeed 2 bit cells.

The FOMAU shall not introduce extrancous signals into the DI cirenit under normal operating condi-
tions, including powering-up or piweriig-down of the FOMALUL

9.8.2.3 Collision Presence Fuoction Bequivemenis. The signal presented to the CI eireuit in the
abszence of an BQE signal shall be the IDL signal.

The signal presented to the CT civeuit during the presence of a collision shall be the CS0 signal, a periedic
pulse waveform of frequency 10 Mz +25 4% 154 with pulse tronsitions that are no less than 35 ns and no
ereater than 70 ng apart at the zero crossing points. Thig signal shall be presented to the CI cireuit no more
than 3.5 bit times after ihe simultaneous appearance of signals ai both the input of the FOMAUs transmit
aplical fiber and the output of the FOMAL’s receive optical fiber. This signal shall be deasserled no carlier
than 4.5 bit times and no later than 7 bil limes afier the above defined eollision condition ceases to exist.

During a collision, if a packet is received at the DO cirenit before a packet is received at the FOMAU’s
receive optical fiber, then only the packet received at the DO cireuit shall be iransmitted into the DI cireuit,
as specified in $.9.2. 1. Conversely, H during a collision a packet is received at the FOMAU's receive optical
fiber hefore a packet is veceived at the DO dircuit, then only the packel received at the FOMAUs receive
optical fiber shall be transmitied into the DI circuit, as specified in 9.9.2.2. In the event of both packets
being received al their respective perls within 3.5 bit times of each other, than cither one, but only one, of
the packets shall be sclected to be transmitted into the DI circuit.

The Collision Funetion shall not infroduce extraneous signals into the CI cireuit under normal operating
conditions, including powering-up or powering-down of the FOMAU,

9.9.8.4 Jabber Function Reguirements, The FOMAU shall huve the capability, as delined in Fig 9.
9, to interrupt a transmission from the repeater unit that exceeds a time duraiion determined by the
FOMAU. This time doration shall nof. be fess than 20 ms nor more than 150 ms, If the packet being trang-
mitied is still being transmitted after the gpeeified thme duration, the FOMAU shall activate the Jabber
Function by the following:

(1) First inlnbiting the transmission of bits from its O drenit into its transmit optical fiber,
(2)  Then transmitting inte its transmit optical fiber the optical idle signal specified in 9.9.4.1.4, and
{3} Presenting the CS0 signal 1o the CI cirenit.

Onee the ervoxr condition has been cleared, the FOMAU shall remet The Jabber Funetion and present the
IDL sigmal to the CF civeudt:
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{2} On power reset, and
(b} Optionally, aviomatically after a continuous period of 0.5 9 & 507% of inactivity on the DO efveuit,

The FOMAU shall not activate its Jabber Function when oporaied under the waorst-case Jabbor Lockap
Protection condition specified in 9.6.5.

When both the Jabber Punction and the Low Light Level Detoction Funetion (zee 9.9 2.5) have beea acli-
valed, the Jabber Function shall override the Low Light Lovel Detection Function.

9.9.2.5 Low Light Level Detection Function Reguirements. The FOMAU shall have a low light
level detection eapahility, as defined in Fig 9-10, whereby it shall interrupt the reception of both the optical
idle signal and packets from the FOMAW's receive optical fiber when reliable reception can no longer be
assured, This error condition shall not be activated if the peuk optical power level at the output of the
FOMAU’s receive optical fiber exceeds —~27 dBm. It shall he activated before the peak optical power level at
the output of the FOMAU's receive optical fiber has fallen to 4 level that is lower than the peak optical
power level that corresponds lo a BER = 10710 for the FOMAU under consideration, Onee this error 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 Tunction se that the transmission of bits {rom its receive opiical fiber to the DI
cirenit is inhibited.

(2) Assure that only the optical idle signal is transmitied into its transmit opiical fiber, irrespective of
the state of the DO cireuit.

(3) Disable its Transmit Function during the period of time that the POMAU recognizes the presence of
a packel on the DO circwif such that the transmission of the packet from the DO circuit info the DI
cirenit is inhibited.

Once thig error condition has been cleared, the FOMAU shall return automatically to its normal mode of
operation within 40 bit times once the DO circuil is in the idie state,

When both the Jabber Function (see 8.9.2.4) and the Low Light Level Detection Function have been acti-
vated, the Jabber Function shall override the Low Light Level Deteclion Function.

NOTE: 1L is recomnmended that, lor diagnostic purposes, the status of the Low Light Level Detection Funetion be indicated on the
exterior of the FOMAU package,

2.5.2.6 Repeater Unit to FOMAU Physieal Layor Messages. The following messages can he
received by the FOMAU physical layer entities from the repeater unit:

Message Circuit Signal Meaning
ouiput DO CD1, CDOo Output information
autput_idle DO DL, No data to be putput

9.9.2.7 FOMAU Physical Layer to Repeater Unit Messages. The following messages can be sent
by the FOMATU physical layer enfities to the repeater unit:

Message Cireuit Signal Meaning

input o CD1, CDo Input information

input_idle DI D1 No information Lo be
input

foman_available Cl iDL FOMAU is available for
oulput

signal_quality_crror I C50 Celligion or error

detected by FOMAU

8.8.2.7.1 inpui 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 inpul mos-
sage is a CDO or CDI sent by the FOMAU to the repeater unit on the DI circuit, The FOMAU sends CDO if
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the inpui bit is a zere, or CD1 if the inpul bit is a une. Ne vetiming of the CLIT or GDO sipnals tnkes place
within the FOMAU,

B.09.2.7.2 inpul idle Message. The POMAL physieal layer sends an inpui_idle message to {he

repeater unit when the FOMAU does not have data to send {o the repeater unit, The physical vealization of

the inpui_idle message is the IDL signal sent by the FOMAU (e the repeater unit on the DI cireuit,

9.9.2.7.3 fomaw_wvailabic Message, The FOMAU physical layer sends the fornau_ovaileble mes-.

gage to the repeater unit when the FOMAU is available for output, and when the FOMAU has aclivated
the Low Light Level Deteetion Function in accordance with the Low Light Level Detection unction
requirements of 8.9.2.5 and Fig 9-10. The formau_cvailable message shall be sent by a FOMAU that is pre-
pared to putput data. The physical realization of the fomau_available message is an IDL signal sent by the
FOMATIT to the repeater unit on the CI eircuit,

9.9.2.74 signal_guelity, error Message. The signal_guaiity_error message shall be implemented
i the folowing fashion:

{1) When the FOMAU has completed the transmission of 2 packet into its transmit optical fiber, it shall
not send any signal_gquality_error message Test sequence,

(2) The simultancous appearance of packets at both the input of a FOMAUs {ransmit optical fiber and
the output of its receive optical fiber shall canse the signel_guality_errer message to be sent by the
FOMAU to the repeatar unit.

(3) When the TOMAU has activated the Jabber Function, it shall send the signal_guality_error mes-
sage in accordanee with the Jabber Function requiremients of 9.9.2.4 and Fig 9-9.

The physical realization of the signal_gualiiy_error message is the US0 signal sent by the FOMAU to the
repeater unit on the CI drenil.

The FOMAU is required to assert the signal_gurality_error message at the appropriate twes whenever
the FOMAU is powered and not just when the repeater vail 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 set of
allowed FOMAU state functions relative 1o the contrel circuits of the repeater unit/FOMAU interface for
FOMAUs, Messages used in these state diagrams are explained as follows:

NOTE: Figures 9-8, 3-8, and 9-10 must all be considered togother,

(1) enable_opt_driver . Activates the path employed during normal operation to cause the
FOMAU transmitter to impress the packet data received from the
DO civenit into the FOMAU's transmit optieal fiber.

(2} disable_opt_driver i Deactivates the path employed during normal operation o cause
the FOMAU transmitier to impress the packet data received from
ihe DO circwit info the FOMAU's transmit optical fiber,

(3} enable_opt_idle_driver : Couses the FOMAU transmitier to impress the optical idle signal
into the FOMAU's transmit optical fiber.

(4} disable_opt_idie_driver . Causes the FOMAU to stop transmitting the optical idle signal
into the FOMAT’s transmit: optical fiber.

(5) enable {vop back ¢ Activates the path employed during norimal eperaiion to cause Lhe
FOMAU Transmit Function to impress the packet data received
fram the DO cireuit into the DI cireuil.

{6) disablc_loop_bach 1 Deactivates the path employed during normal operation to cause
the FOMAU Transmit Funciion to impresz the packet data
received from the DO eireuit indo the DI cireuit.

(7} enable_opi_receiver . Activates the path employed during normal operation to cause the
FOMAU to impress the packet data received from the FOMAU's
receive opiical fiber into the DI cireuit,
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{11) opi_input
(12) opt_input_idle

(13) opt_input_coll_select

(14) output_coll_select

LOCAL AND METROTULITAN AREA NETWORIS

: Deactivates the path emploved during normnl speration {o eaime

the FOMALU io impresa the packet ds rocalved from ihe
FOMAU's receive optical fiber into the DY eiveuit,

Starts a tming function which 1s veed to monitor the amount of
time the FOMAU ig transmitting a packet into the transmit optical
fiber, The timing function iz maintained as long as ewipui is true
and 1s stopped on ihe transition to cuipeé_idle true. The term
paclkel_timer _done is satisfied when the timing function has run to
expiration (see 9.9.2.4).

o Starts a timing function that is used to moniter the amount of time

that the Jabber ervor condition has been clear. The timing function
is maintained as long as owdpui_idie is true and is stopped on the
transition to owtput tree. The term wnjob_timer_done is satisfied
when the timing funciion has run to expivation (zee 9.9.2.4).

¢ Significs that a packet is present at the FOMAU's receive oplical

fiber.

¢ Signifies that a packel ig no longer present at the FOMAU’s

receive optical fiber.

; Bignifies that, during a collision, a packet has been received at the

DO cireuit within 3.5 bit {imes of a packet being received at the
FOMAU’s receive oplical fiber, and that only the packet received at
the FOMAU's receive optical fiber is to be transmitted into the DI
cireuit.

Significs that, during a collision, a packet has been recetved at the
DO civenit within 8.5 bit times of the packet being received at the
FOMATFs receive optical fiber, and that only the packet received «at
the DO cirenit is (o be transmitted into the DI cireuit.

The following abbreviations have been used in Figs 9-8, 98-8, and 9-10:

{1) LLP = Low Light Level Condition Present

(2) LLNP = Low Light Level Condition Not Present
(3) p_t_d =pucket timer_done
4y p_t_n_d = packet_timer_noi_done

(5 * = logical AND operator
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8.0.3.1 Blectrical Isslafion, Electrical isolstion shall he provided between FOMATUs attached to the
FOIRL by the optical fiber cahle link segment. There shall be no conducting paih between ihe optical
medinm connector plug and any condueting element within the optical Gber cable link segment. This isola-
tion shall withstand at least one of the following clectricn] sirength fests:

(1) 1500 V mns at 50-60 Hg for 60 s, applied as specified in 5.3.2 of [EC Poblication 850 |8]

(2) 2250 V de for 60 5, applied os specified in 5.3.2 of TEC Publication 950 (8].

(3) A sequence of ten 2400 V impulses of alternating polavily, applied at intervals of not less than i s,
The shape of the impulses shall be 1.2/50 ps (1.2 ps virtual front fine, 50 ps virtoal time of hialf
value), as defined IEC Publication 60 111].

There shall be no isolation breakdown, as defined in 5.3.2 of IEC Publication 950 (8], during the test, The
resistance after the test shall be at least 2 ML, messured at 500 V de.

NOTE: Although izolativn is provided by the aptical fiber cable link segment, it is recommended that the normal noize immunity pro-
vidat by commen-mode izolation on the AUI be retained.

9.9.3.2 Power Consumption. The current drawn by the FOMAU shall not exceed 0.5 A when pow-
ered hy the AUI source. The FOMAL shall be capable of operating from all possible voliage sources as sup-
plied by the repeater unit (7.5.2.5 and 7.5.2.6) through the resistance of all permissible AUT cables. 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 nn option {0 provide a separate power source for the FOMAU. If a separate power
source is jmplemented, provision will be made (o assure thal power shall under no circemstances bo
sourced on pin 13 (Circuit VP) of the AUIL

The FOMAU shall be labeled externally to identify the maximum value of power supply current required
by the deviee when the AUI mechanical connection is implemented,

The FOMAT shall not introduce into the FOMAUs transmit opiical fiber or onto the DI or CI circuits of
the AUI any extraneous signal on routine power-up or power-down under normal operating conditions.

The FOMAU shall be fully functional no later than 0.5 s alter power is applied to it.

9.9.3.3 Reliability. The FOMAU shall be designed to provide a MTBI of al least 200 000 hours of
operation withouf cousing a communication failure amongst DTEs atltached to the network. The FOMAU
clectronics shall be desipned to minimize the probability of component failures within the FOMAU that.
prevent communication amongst other MAUs on the 10BASES and 10BASE2 segments, Connectors and
other passive means of connection shall be designed to minimize the probability of total network failure.

9.8.3.4 TOMAL/Repeater Unit Electirical Characteristics. The elecirical characteristics of the
driver and receiver components connected to the AUI cable shall be identical to those specified in Scetion 7.

2.9.8.5 FOMAY/Repeater Unit Mechanienl Conunection, The FOMAU, if it implements the AU
mechanical connection, shall be provided with a 15-pin male connector, as specified in the AUI specification
of Section 7.
9.0.4 FOMAL/Gptical Medium Interfnee
4.5,4.1 Transmit Opticel Parameters

2.9.4.1.1 Wavelength, The center wavelength of the eplical source smission shall be between 790
and 860 nm. See Appendix D.

2.9.4,1.2 Specirval Width., The spectral width of the optieal source shall be less than 75 nm full
wicth half maximum (PWIHAM),

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 extinetion ratio shall be 13 dB.
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9.0.4.1.¢ Optical Idie Bignel During the idle state of the DO eireuit, the Transinil Punetion shall
input into the FOMALs transmit optical fiber an optical idle signal. This slynal shall consist o a periodic
pulise wavelorm of fregency 1 MEz +25% ~15% with a duty cvele ralio belween 45/565 and 55745,

9.0.4.1.5 Transmit Optical Logle Polarvily, The higher optical power level transmitied into the
FOMAW's trapsmil optical fiber shall corvespond Lo the low (L0} logic state (sece 7.4.2.1) of the AU DO
circuit.

9.9.4,1.6 Oplical Rige and Fall Thaes, The optical vise and fall times of the FOMAU shall be no
more than 10 ns from the 10¢% Lo the 90% levels. There shall be no mere than 3 ns difference bebwoen the
rise and fall times.

$.9.4.1.7 Transmit Optical Pulse Edge Jitter. The addilional edye jitter introduced by the
FOMAL from the inpui of the DO cirenit receiver to the output of the elecive-optic source shall be no more
than 2 ns. The jitter measured al the input of the DO circuit receiver shall be measured al the zero crossing
points, as determined from the previcus 16 or more transitions in any valid bit stream. The jitter measured
at the outputl of the electro-optic source shall be mensured ot the power level median of the optical wave-
form’s upper and lower power levels, as dotermined from the previous i or more {ransitions in any valid
optical hit stream.

2.9.4.1.8 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 neminal
dimension of 62.5 pm core diameter and 0,275 nominal numerical aperture. The actual optieal power,
which will be coupled inte other fiber sizes listed in 9.9.5.1, may differ from the abuve value. The peak opii-
cal power shall be mensvred in the steady state, and the measurement shall be independent of oplical
pulse ringing effects. Peak optical overshoot shall not execeed 10%.
NOTE: Tho above value does nol include an aging margin, The seuree is allocated s sging margin of 3 0B over its operating liktime,
Fhe varkatipn in the peak-coupled optical power due to tolerances sllewed by IBC Publication 793-2 141 for Lype ALb 52.5/125
Ither is 21 d8 Vence, the minimun power tevel at the starl of Ble will be - 15 dlhm,

08.2.4.2 Receive Optical Parameters

9.9.4.2.1 Receive Peak Optical Power Range. The BER shall be < 107 for penk oplical powers
at the outputl of the FOMALFs veceive optical fiber between ~27 dBm and -8 dBm.

9.0.4.2.2 Receive Oplical Fulse Bdge Jitiern. The additional sdege jitfer infroduced by the
FOMAU from the input of the opto-clectric detector to the output of the DI eiveuit driver shall be no more
than 4 ns. The jitter measured at the input of the opto-elecirie recciver shall be measuved ai the power
level median of the optieal waveform’s upper and lowoer power fevels as determined from the previevs 16 or
more transitions in any valid optical bit siream. The jitter measured at the output of the DI eircuit driver
shall he measured at the zero crossing points as determined {rom the previous 18 or more transiiions in
any valid bit stream. This requirement shall apply when the optical receive peak power lavel is in the
range -2% to -9 dBm.

89.9.4.2.3 Receive Optical Logic Polarity. The low (LO) logie state (see 7.4.%2.11 on the TH civenit
shall correspond 1o the presence of the higher optieal pawer level at the onipui of the FOMAUS roveive
optical fiber.

9.8,.5 Characteristics of the Optical Fiker Cuble Link Segment. The optical fiber cable link seg-
ment is a length of optical fiber cable JEC Publications 794-1 {15] and 794-2 [16]} containing two optical
fibers, as specified in 8.5.5.1, and comprising one or more optical fiber cable scetions and their meansg of
YWhis FOTRL specification 12 to be vead with the underatanding thit the following changes 1o 1RO Publications 742-2 114] hinve
leen requusted: .

{1) Correction of the numerical aperiure teferance in Table 117 to 40,015,
(&) Addiion of another bandwidih categery, of » 159 MIiz refeyred o 1 km, for the type Al fiber in Table 111,
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intorcennoctimi Bach oplien] fiber is terninaied at epvh end iy the sptical conacctor plog spestied
9 95,2, The twe aptical libers corvespond w the FOMALYs transmit and recebve oplical tibers.

§.00.5.1 Optieat Fiber Medinm, The lflh\‘f’&ii con omeraie with o variety of eptical fibey sizeg, eur,. B0/
125 ;1111, G2.5/125 g, 85125 1om, 1007140 an

Tnteraperability of FOMAUs that eri 'mat! from different manuinctacers, asing any of these fiber sizvs,
ig assured provided that the received peak ppiical power is ctween ~27 dBm and -9 dBin and the opiical
abor eable link semnent bandwidi(l is geesier than or cqual to 150 M1z

In order to saiisly the above attenvation sud bandwidth criteria for all allowable FOIRL lengihs, and
assuming up o 4 dB of eonnaction lasses within the optical fiber eable Hink sogment, it i recommended
that the cabled vpiical fiber have an attenuation = 4 dB/l(m and a bandwidily of = 150 Mz voferved to 1hm
at o wavelengih of 850 nm,

The toial incremenial opiical pulse edge jitier introduced by the optical fiber cable Hnk segmnent shall be
less than 1 ns when driven by an optical trangmitier as specified in 9.9.4.1. The pulse delay introduced by
Use uptical {iber cable shall not exceed B0 bit times for a 1 kin length.

In the specific case of 62.5/125 Lum fiber, Lo ensure interoperability of FOMAUs thal originale from differ
pret manufnetarers:

(11 The two eabled optieal fibers contained 1o the optieal fiber eable hink ‘;i'g"m(’ﬂi bt sedisfy tho ophi-
cal fiber prrametors specified 1in IEC Publieation 793-2 4] ype Alh {62.5/125 jun), o

(25 The aptieai fibes ealife fink sepment shal} have an attensiation Jess than or equal fo 8 A0 and a bawd-
width groater than or eyual o 150 M1z,

%,8.5.2 Opiieal Medium Conneclor Plug and Soelet, The two optical fibers contained in the optl-
cal filer cable link segment shall be terminated at each end in an opticn! conneclor plug as specified in 180
Publications 874-1 18] and 6748 {191
The eorvesponding mating conneetor socket shall conform with the gpecifications given in TG Publica-
tinngs 874-1 and §74-2. This document specifies the mechanical mating face dimensions to ensure mechani-
cal intermateability without physical damage, of all F-8MA connectors covered by the docuisent, In
addition, (he aptical ingertion loss when inferconnecting two optical conmeetor plugs shall nof exceed
2.5 dB fmeasored vsing a socket adaptor conforming to the mechanical specifications given in IBC Publica-
tiong 874-1 and 874-2 and also using two identical fibers, as specified in 9.9.5.1, asswming wniform mode
distribution Yaunch conditions).

2.9.86 Bysiom Heguiromenls

$.0.6.1 Gpiteal Transmission System Considerntions. 0.8.4.2.1 epecifies that the BER aball he
<1010 for poak oplical powers al the ouiput of the FOMAs reccive upUL..i fiher between <27 dBm and
4 dBin. The valee of -9 dBi corvesponds {0 the maximum allowable peak optical power that can be couw
pled into the worst-case oplical fiber specified in 2.2.5.1 at the begisaning of the TOMATs Hfetime (see
9.9.4.1.8) and assumes zero optical loss between the optical source outpui and the apiical deicctor input.,
’l‘lw value of 27 dlm is ealeslated by sublracting the FOFRL flux budget from the mininnm ailowable
pealk optical power that can be coupled into the FOMAU'S transmit eptical fiber al the beginning of the
F()\]AU 2 Hifetime (see 9.9.4,1.8). The flux budget is the maximwm loss allowed within the FOIRL to guar-
antee a BER < 109 assuming worst-case link compenents, A portion of the flux hudget has been allocited
as o design margin to allow for degr adation und fslerance cffects in the optical source. Thiz iz noted in the
tatile below as the oplical seuver lifetime degradation, T'he repiaining fho hudget of @ dB assumes a system
margin allowance for the optical fher cable Lk segment over its lietime, and may be alloeated 1o the opti-
cal fiber cable link segment luss at the diseretion of the network planner/instailer. The following sumnio-
fizos (he allocated optical Aux budgeds Tor the example graded index upuczl fiber of worst-vage dimensions
B2.5 wm — 3 um iie., 59.5 um) core diameter and 0.275 ~ 0.015 (e, 0.2601 numerical aperture:

W Phiz FOIRL specifieation is o be vead with the wndmatonding that the fallewing changes 1o IRC Publieation 193-2 [14) have been
renuested:

(15 € tareeetion of the numarical gpertore tderance inTalle 1 ta £ 0015,

123 Addition of another bandwidth eategary, of 2 150 812 t6 1 km, for the (ype Alb fibey in Table 411
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Start of life minimum peal coupled optical power (9.9.4,1.5) s 15 dBm
Optical source lifetime degradation S3dB
Maximum optical {iber cable link segment Ioss
clading system margin allowanee CHdB
Resultant required receive peak optical power 1 -27 dBm

9.9.6.2 Timing Considerations, Table 9-1 sunmarizes the maximum allowable timing budget contri-
butions to the system timing budget for the FOIRL. The Jast bit in 1o last bit out delay shall egual the
Steady-State Propagation Delay.
Tahle $.1
Mazimum Allowasble Timing Budget Contributions to the FOIRL System Timing Budgel

Steady-Stals

Svmbel Puncti Bil Loss Invalid Bils Propapation S!I"‘;:]{;L_ip
ynLe unetion hit times} {hit times) Delay ihit ; Y 5
ihif fimes) At Hmes
11 OFTICAT, DATA IN a0 19 a5 3.5
ABSERTINPUT
12 QUTPUTOITICAL 2.0 XU 05 a5
DATA OUT ASSERT
LOOP DO CIRCUIT ASSERT 5.0 10 1.6 10
BACK +TH CIRCUIT ABSERYE
13 OPTiCAL COLLISION - e e 3.8
SBOE ASBERT
i4 COLLISION DEASSERT - — — qee
S8QE DEASSERT
Al AUL Propagation — o 2,57 257
10§ Optical Fiber Propagation - — i 50

per iilomelor

*Mintmum Star tu]; Delay for 14 iz 4.5 bit times,
9.9.7 Environmental Specifications
2.8.7.1 Safelty Bequirements

9.9.7.1.1 Electrical Safety. A major application for the vendor-independent FOIRL is for intercon-
necting 10BASES and/or 10BASEZ coaxial cable segments located within different buildings. The level of
isolation provided by the optical fiber cable link segment shall e consistent will: this application and pro-
vide adequate personnel and equipment safety from earth faults and lightning strike hazards.

9.8.7.1.2 Optical Bource Safety. The recommendations of IRC 825 Publieation [17], if applicable,
shall be adhered to in determining the optical sovrce safety and user warning requirements,

$.8.7.2 BElectromagnetic Environment

9,9.7.2.1 SBusceptibility Levels. Sources of inferference from the environment inelude electromag-

netic fields, electrostatic digchavge, and transient voltages between earth connections, Several sources of
interference coniribute to voltage between the optical fiber cable link segment (either a metallic strength
member in the cable, a metallic optical connector plug, or the outermiost conducting element of the FOMAU
for the case of no metaltic strenglth member) and the earth connection of a DTE.

For information on limits and methods of measurements of radio interference characleristics of informa-
tion technology equipment, see 1.3 in CISPR Publication 22 [1).

The physical channel hardware shall meet ils specifications when operating in both of the following
conditions:
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(1} Ambient plane wave ficld of 2 Vm from 10 kHz throagh 80 MI¥s and 5 Vim from 30 Mz ihveugh
1 G,

NOVE: Theee are tie fovels typieally found Tl femm randin hreadenst sintions

Inlerference source voltage of 158 V peak sine wave of frequency 10 MITz in geries with a 50 8
source resistance applied belween the optical fiber cable link segment {either a metallic strenglh
member in the cable, a metallic oplical connector plug, or the eutermust eonducting clement of the
FPOMALT for the case of no metallic strength member) and the earth connection of a DTE.

£

NOTE: The optical liber link segment is capalde of withslanding higher levelz of dectromapactic interforence, The shove
specifications are the minimum renuirements for the environment in which the FOMAL is requived Lo operate.

8.8.7.2.2 Emission Levels. The FOMAU and optieal fiber cable link segment shal comply with
CISPR Publication 22 {1].

9.89.7.2 Temperature and Homidity, The FOMAU and associated connectorfeable systoms arve
expeeted to operate over a reasonable range of envirommental conditions related to temperature, humidily,
and pliysical handling such as sheck and vibration, Specific requirements and values for these parameters
are beyond the scope of this standard. Manufncturers should indicate in the literature associaied with the
FOMAU (and on the FOMAU if posgible} the operating environment specifications 1o facilitate seleciion,
installation, and mainienance of these components, It is furlher recommended thal such specifications be
stated in standard terms, as specified in 1EC Publications 68 {12], 1BC 793-1 [13], 1BC 794-1 1151, and
IBC 8741 {181
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10, Mediog Attachroent Enil and Basebend Medinm Specifications,
Type I0RASE?

16.1 Scope
10.1.1 Overview, This standard defines the funciional, clectrical, and mechanical charactorisiivs of (he

Mediom Alttachment Untl {MATD and one specific medium {or use with locsl area networks, The relation-
ahip of this spavification Lo the entive CEMASCD Local Area Network Epecification is shown in Fig 10-1,

osi LAN
REFERENGE IMODEL CEMAICD
LAYERS LAYERS
AFPLICATION HIGHER LAYERS -
PRESENTATION LLC
ES ¢ | LOGIGAL LINK CONTROL
, .
. MAC
SESSION ' MEDIA ACCESS CONTROL|  5nDTE b pye
¢ A
/ PLS onposady
IRANGRORT ;7] PHYSICAL SIGNALING N
r ‘ T -
NETWORK ’ :
/ Y
£ v
OATA LINKC / : “[
Yo WAL

PHYBICAL

AUL = ATTACHMENT UNIT INTERFAGE

MAU = MEDIUM ATTAGHMENT UNIT

DI = MEDIUK DEPENDENT iNTERFAGE

PMA = PEFSICAL HEDIUM ATTAGHMENT

Fig 10-1
I Layer Partitioning, Relationghip to the I50 Open Sysiems Interconnection
(OSI) Reference Model

Physien

The purpose of the MAU is te provide a simple, inexpensive, and floxible means of nilaching deviees to
the Joeal area nebwork medinm. This siandard defines a means of incorporating the MATF faneiion within
the DTE and bringing the trunk conxial eable directly to the DTE. Intorconnection of DTE units 1= casily
achieved by the use of industry standard coaxin! eables and BNC connectors,

This MAU and medium specification is aimed primarily at applications where there ave a relatively
amall pumber of devices located in a work avea. Installation amd reconfipuration simplicity is achieved hy
the type of cable and conneclors used, An inexpensive implementation is nchieved by eliminating the MAL
and Atiacliment Unit Interface (AUL) as sepmsde components and nging widely svailable inlerconneetion
componenis.

100,01 Mediam Attachment Unit inormally contained within the dats ferminal eguipment
IDTED. The MAU has the following general characteristics:

(13 Bnables eounling the PLS o the explicit baseband conxinl transmission system defined in this sec-
tion of the standard.

(2} Supports message traffic at a data rate of 10 megabits per second (Mb/s),

(3} Provides for driving up to 185 m (800 ft) coaxial trank cable segment without a repeater.

(4} Permits the DTE io {est the MAU and the medium iiself,
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(5) Supperts system configurations using the CSMA/CD access wechaninm defined in the ISO HERER]
Loceal Area Network Specifieation.

(6) Supports a bus topology interconnection menns.

(1) Supports low-cost capability by incorporaiing the MAU function within the physical bounds of the
DTE, thereby climinating the need for a separate AU connector and cable but containing the
vemaining All inlerface funetionality

10.1.1.2 Bepeater Unit. The Repeater Unit is used o extend the physical system topology and pro-
vides for coupling two or more coaxial trunk cable segments. Multiple Repeater Uniis are permitted within
a single system to provide the maximmm tronk cable connection path specified in 10.7. The repeater is not
a DTE and therefore has slightly different atiachment requirements,

10.1.% Definitions. This scetion defines the specialized terminology applicable to MAUs and Repeater
Units,

Attachment Unit Interface (AUE). In a local area network, the interface between the Mediwn Altach-
ment Unit (MAL) and the data terminal equipment within a data station,

baseband coaxial system. A system whereby informaiion is divectly encoded and impressed on the coax-
inl transmission medium, At any point on the medium enly one information signal at a {ime can be present
without disruption.

carrier sense. In a local area networly, an ongoing aclivity of a data siation to detect whether or not
another station is iransmitting.

MOTE: A collision presence signal ia provided by the PLS to the PMA sublayer 1o indicate that ene or more stations are currently
transmitting on the trunk conxinl eable,

conxial cable seetion. A single Iength of coaxial cable terminated at each end with 2 BNC male connec-
tor. Cable sections are joined 1o other cable sections via BNC plugfreceptacle barrel or Type T adapters,

coaxial cable segment. A length of coaxial cable made up from one or more conxdial eable sections and
coaxial connectors, terminated at each end in its characleristic impedance,

collision. An unwanted condition that results from concurrent transmission on the physical medium,

collision presence., A signal provided by the PLS to the PMA sublayer (within the Data Link Layer) to
indicate that multiple stations are contending for aceess to the transmission medium.

Medium Attachment Unit (MAU). In a local area network, a device nsed in a data station Lo couple the
dala terminal equipment (DTE) to the transmission medium,

Medium Dependent Interface (MDI). The mechanical and electrical inlerface hetween the trunk cable
medinm and the MAU.

Physieal Medium Attachment (PMA). The portion of the MAU that containg the functional civeuitry.

Physical Signaling Sublayer (PLE). The portion of thie Physical Layer, contained within the DTE, that
provides the fogieal and funcbional coupling between MAU and Data Link Layers.

repeater. A device used to extend the lenglh, topology, or interconnectivity of the physical medium beyond
that imposed by a single segment, up to the maximum allowable end-to-end trunk transmissien lne
length, Repeaters perform the basic actions of restoring signal amplitude, wavelorm, and timing applied Lo
normal data and collision signals.

trunlk cable. The trunk coaxial cable system,

NOTE: For additional defiuitions, see 8.1.2.
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10.1.% Application Perspaciive: BIAU andd Madivm Objectives. Thin vection states thoe brosd objec-
jives and assumphons underlying the specifieations defined thrvoughout Seclion 10 of the standard.

311 Object

{1y Provide the physical means for communication belween local network Data Link entities,

NOTE: This specificalion covers a portica of the Physical Luyer as defined in the O8] Relvrence Model and, o addition, the
physieal medimm isell, which is beyond tie seope of the O8I Reference Moded,

12) Define a physical interface that can be implemented independently amoug different manufacturers
of hardware and achieves the intended level of compatibility when interconnected in & commaon loeal
network,

{3) Provide a communication channel capable of high bandwidth and low bhit error rate performance,
The resuitant mean bit evror rate, at the Physiea! Layer serviee interface, should be less than one
part in 107 (on the order of one part in 10% at {he link level),

(4) Provide {or ease of ingtallation and service.

(57 Provide for high network availability (zbility of & station to gain access to the medium and enable
the Data Link ronnection in a timely fashion).

() DEnable low-cost implementations.

NOTE: The figures and nuaierons testuel references (hronghout the section refer 1o lerminology associated with the AU
(that is, DO, DI, C. Binee the nermal embodiment of the Type 10BASEL configuration does not roquire an AU sotual exist-
ence of the 10, DY, CI cirenit may nol be required. Usge of this terminology, however, is retained throughout Section 10 Ior
parposes of clasity and consistency,

13.1.3.2 Compatibility Considerations. All implementations of this baseband conxial system shall
be compatible al the Medium Dependent Interface {(MDI).

This standard provides one explicit trunk cable mediam 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 teo
implement circuitry within the MAU in an application-dependent manner provided the MDI specificalions
are satisfied.

10.1.3.3 Relationship to PLS and AUL This section defines the Primary Physical Laver {or the local
area network, a layer comprised of both the physical medivm and the rudimentary eiveuitry necessary to
couple a station’s message path directly toffrom the medium. The complete Logical Physical Layer of the
local area network resides within the DTE, Therefore, a close relationship exists between this section and
Section 7. This section specifies the physical medinm parameters, the PMA logical funetions residing in the
MAU, and references the signal cirenits asgoctated with the AUT as defined in Section 7.
The design of a MALU component requirves the use ol hoth this section and parts of the PLE and AU spec-
ifications contained in Section 7.

10.1.3.4 Mode of Operaiion. The MAU functions as a direct connection between the baseband
medium and the DT, Data from the DTE is ouiput to the coaxzial trunk medium and ol data on the coax-
iat trunk medium s inpuf te the DTE,

1.2 References, References to such local or national standards that may be useful resource material for
the reader are identified and located in the Annex at the end of this book,

10.3 MAU Punctional Specifications. The MAU component provides the means by which signals on the
three AUT gignal circuits to/from the DTE and their associated inferlayer messages ave coupled Lo the sin-
gle ¢coaxial cable baseband signal line. To achieve this hasic objective, the MAU component containg ihe fol-
lowing functional capabilities to handle message Jow between the DTE and the baseband medium:

(1) ‘Transmit Function. The ability to transmit serial dats bit streams on the bascband medium {rom
the local DTE entity to one or more remote DTE entities on the same network.

{23 Receive Function. The ability to receive serial data bit streams over the baseband mediom,

{(3) Collision Presence Function. The ubility to detect the presence of iwo or more stations’ concurrent
trangmissions.
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4 Jabbey Fuaction. The ability 1o antematically interinpt the Tromsesut Fosciion sad inhibis an

abnormally long output daty stremn,
1921 MAU Physical Layer Funciional Reguiremaents

IDALT Travemit Fupelion Reguivemenis, Al the starl of o framie transmission on the convial

cable, no more than 2 bits (2 full bit cells) of iuformation may be received from the DO civenit and not

transmitted onto the coazxial medivum. In addition, it is permissible for the first bif seot to coniain invalid
data or timing; however, all suceessive bits of the {rame shall be yoproduced with no more than the speei-
fied amount of jitter, The 4th it cell shall be carried from the DO signal Hne and transmitted onto ihe
conxial trunk cable medinm with the eorrect (iming and signal levels, The sleady-siate propagation delay
between the DO civenit recotver input and the coaxial cable oulpat shall not exeeed 172 hit call, There shall
he 1o logical signal inversions between the branch eable DO ¢ireuit aid the coaxial {runk cable (for exam-
plo, & “high” fogie level input to the MATU shall resull in the less negative carvent flow value on the wunk
coaxial medivm). A posilive signad on the A signal lead of the DO eireuin shafl result in a more pozitive volt-
age level on the trunk coaxial mediom. It is assumed thai the AUL shall provide adequate proteciien
against nomse. It is recommended that the designer provide an !21]})](31150“1J.T.IUH in which a minimum
threshold signal is required Lo establish a transmit bit stream.

The Transmit Function shall outpni a signal on the trunk coaxial medium whose levels aed waveform

comnply with 10.4.1.5.

In addition, when the DO eivenit has gone idle after a frame is ouiput, the MAL shall then aclivate the
Collision Presence Function as close to the trunk coaxint eable as pogsible without inirodueing an extrane-
mug signal on the Lrunk coaxial medium, The MATL shall initiale the Collision Presence state within 0.6 ps
to 1.6 ps after the Output Idle signal (Wait_Piner_Done in Fig 10-2) and shall maintain an aetive Colligsion
Presence state for a time eguivalent, Lo 10 & 5 bil celis,

PovierQn
F DUT?UT
U OUTPUT iDL Cutput
& dlﬂﬁblm.é!r\mr & enablo_ur‘si‘.rc‘a;i
2 mou.ovoliobie 8 rmav..ovallebis
(If no..colllalon} {#f no_colligion)
Qf (if Coliizlon) @ SQE (i Collslen}
\ .
output_idle
SOE TEST WAIT
@ ptort wolt, Hrar
& dlegbls..driver
& SOE {if Coltielon)
&  mmeu..avolioble
test_timer_done (i no_coitision)
wait. timar., dong
S0 TEST ucT “’IIRT TE$T TIHE?
@diedb'ﬁwdriver " Ea dhzublo dnwsr
8 {508 % SQE (If Colllslan)
& plart test. tmer

{UCT = uacanditioal transilion)
Wait Timer_Done is spocified in 10.3.1.1)

Fig 102
RIAL Interface Funciion
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10012 Receive Function Hegwiremenis. The signal from the eoaxial tronk eable shall be ne con
pled hefore reaching the receive DT civenit, The Receive Fanction shall sutput s sigoaat onte the DI cireod
that complies with {he specifieation {or drivers in MALU (7.5,

AL the start of & frame reception {rom the coaxiul eable, ne more than 5 bits (5 full bit cells) of informa-
tion may be received from the conxial cable and not Lranumiited onvo the receive DI civeuit. In addition, it
i peemissible for Lhe first bit sent over the receive eirenit to contain invalid dats or timmg; however, all
suceessive bits of the frame shall reproduce the incoming signal with no more than the smount of jitter
specified below. This implies that the 7th bit cell presents valid data to the PLS. The steady-staie propaga-
tion delay between the coaxial cable and the receive I civeuit output shall not exceed 12 biv cell, There
are no logieal signal Inversions between the coaxial (trunk) cable and the MAU receive eivenit,

AMAU meeting this specification shall exhibil edge jitter into the DI pair when terminated in the appro-
priafe test load specified in 7.4.1.1, of no more than 7.0 ns in either direction when it is installed on the dis-
tant cnd of all lengths up to 185 m (600 11) of the eable specified in 10.5.1.1 through 10.5.2.1.5 terminated
at both ends with terminators meeling the impedance reguirements of 10.6.2.1 and driven at one end with
psewdorandam Manchester encoded binary data from a data generator that exhibits no move than 1.0 ns of
edge jitier in either divection on half bit cells of exactly 1/2 BT and whose output meets the specifications of
10.4.1.3 except that the rise thne of the signal shall be 30 ps + 0, = 2 ns, The combination of coaxind cable
and MAU receiver introduce no more than 8 ns of edge jilter infa the system.

The local Transmif and Receive Functions shall operate simultaneousiy while connected o the mediom.

10.8.1.3 Collision Presence Function Requivements, The signal presented fo the Cl civenit 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 C80 signals encoded
as apeeified in 7.3.1.2. This signal shall be presented to the CI cireuit no more than 9 bit times afier the sig-
nal (that is, de average) on the coaxial eable at the MAU equals or exceeds that produced by two (or more}
MAU outputs transmitting concurrently under the condition that the MAU detecting collision preseace is
transmitting. Under no conditions shall the Collision Presence Funetion generate an output when only onc
MAU is transmilting. A MAU, while not transmitting, may detect the presence of two other MAUs trans
mitting and shall detect the presence of more than two other MAUs transmitting. Talle 10-1 summarizes
the allewable conditions under which collisions shall be defected.

The colligion presence function may, in some implementations, be able Lo sense an abnormal {for exam-
ple, open) medigm,

The use of MAUs in repeaters requires additional congiderations; see 1,415,

Table 10-1
Generation of Cellision Presence Signal

MAU Numibers of Transmittoers
Transmitting <2 =3 2
Not Transmilting N 3 ¥
N May Y
Y = will generate SQE messoge
N = will not generste SQE message

May = may geseraie SQB message

10.3.14 Jebber Fanclional Requiremenis. The MAU shall contnin the capability as defined in
IMig 10-3 {o interrupt a transmission rom a DO cireuil that exceeds a time duration determined by the
MAU. This time duration shall nol be less than 20 s nor more than 150 ms. If the frame being transmit-
ted continues longer than the specified time duration, the MAU shall inhibit transmission and aszume its
not-transmitting state on the coaxial cable.

When the Trangmit Function has been positively disabled, the MAU shall then activate the Collision
Presence Function without introducing an extraneous signal on the {runk coaxial medivm. A MAYU 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 antomatically aftor a period of 0.5 s £ 50%.
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Jabber Function State Diagram

10.3.2 MAU Tnterface Messages

10.3.2.1 DTE to MAU Messages. The following messages can be sent by the DTE Physical Layer
(PL3 Sublayer) Entities to the MAU Entities:
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Messagn Circuit Rignal Meaning
output DO CD1, CDD Outpt informaiion
output 1DL no DL Ho datia to be output

10.3.2.2 MAU to DTE Messages. The {ollowing messages can be sent by the MAU Phyaieal Layer

Entities to the DTE Physieal Layer Entitics:

Message Cirenil Signal Meaning

input DI CD1, cho” Input information
inpui_idle DI INL Mo information to be input
mean_avatloble ClI DL MAU s available for cutput
SQLE CI (5:30)] Brror detected by MAU

"It is assumed that no retiming of theve elocked data sipnals takes place within the Mat3,

10.3.2.2.1 input Message, The MAU sends an input message to the DTE Physieal Layer when the
MALU has a bit of data to send to the DTE. The physical realization of the input message is a CIN0 or CD1

sent by the MAU to the DTE on the Daia In eircuit. The MAU sends CDO i the inpuot bit is a zero or OD1if

the input bit is & one. No retiming of the CD1 or CDO sigmulz takes place within the MAU,

10.3.2.2.2 input_idle Message. The MAU sends an inpui_idle message to the DTE Physical Layer
when the MAU does not have data o send to the IYTE, The physica] realization of the inpuf_idle message
16 the IDL signal sent by thie MAU to the DTE on the Data In circuit,

10.8.2.2.3 mar_cveileble Message. The MAU sends the man_nvailoble message to the DTE Phys-
ical Layer when the MAU is available for output. The mau_vveilable message is always sent by a MAU
that is always prepared to output data unless the SQE message should be sent instead. Such a MAU does
not require mau_request to preparve itself for data output. The physical realization of the mou_availablie
message is an IDL signal sent by the MAU to the DTE on the Control In circuit.

10.8.2.2.4 signal quality_error (SQE) Message. The SQE message shall be implemented in the
following fashion:

{1) The SQE message shall not be sent by the MAU i no or only one MAU is transmitling on the trunk
coaxial medium.

{2) If more than {wo remote MAUs are transmitting on the trunk coaxial medium, but the MAU con-
nectoed to the local DTE is not transmitting, then the local MAU shail send the SQE message. In
every instance when nmore than one MAU is transmitting on the coaxial medium, the MAU shall
make the best determination possible, IL is acceptable for the MALT tu fuil to send {he BQE mussag:
when it is unable to conclusively determine thal more than one MAL is transmitiing,

{(3) When the local MAU is fransmitting on the trunk coaxial medium, all occorrences of one or move
additional MAUs transmitting shall enuse the SQT (o be sent by the Jocal MAU Lo its DTE,

{4) When the MAU has completed each output frame it shail perform an 8QE {est sequence, Note that
MAUs associated with repeaters shall not generate the SQE test sequence,

(5} When the MAU has inhibited the Transmit Function, it shall send the SQE message in accordance
with the Jabber Function requirements of 16.3.1.4 and Fig 10-3.

The SQE message shall be asserted less than 9 bit cells after the occurrence of the m ultiple-transmission
condition is present at the Mediim Dependent Interface (MDI) and shall no longer be asserted within
20 bit cells after the indication of multiple transmissions ceases to he present at the MDI. Tt is to be neted
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that un extended delay in the removal of the BEE messuge may adversely affoct the aceess method
peviormance.

Tha physical reatization of the SQE message is the C50 signal sent by the MAU Lo the DPE physieal oy~
era ou the Control Tn clreuit,
NOTE: The MALU i required to ansert the SQI at the sppropriote Hmes whesever the MAU iz powered and not just when the DTE
physical layer is providing data oufpat,

10.3.3 MAY Siale Diagirams. The state dingrams, IFigs 10-2 and 10-3, depict the full sei of allowed
MAU state functions relative to the control cireuits of the DTE-MAU interface for MAUs without condition-
ing requirements. Messapes used in these siale diagrams are explained below:

ennble_driver, Activates the path employed during normal operation o cause the MAU transmitter to
impress data onto the trunk coaxial medium.

digable_driver Deaclivaies the path employed during normal operation to cause the MAU transmitter Lo
impress data onto the trunk coaxial mediam,

ro_collision. Signifies that the condition of muliiple transmitiers simultanesusly active on the trunk
coaxial medium does not exist,

collision. Signifies that the vondition of multiple transmitiers simuliancously active on the trunk coaxial
medium does exist,

frame_tiraer. Measures the time the MAU transmits on the frunk coaxial cable.
test_timer. Measures the lengih of the SQIE Test.
unjab_timer, Measures the ameunt of time the MAU has been in Jab mode.

wait_timer, Measures the time between output idie and the start of the SQE Tesi.

10.4 MAU-Medium Blectrical Chavacteristics

10.4.1 MAU-fo-Coaxial Cable Inferface. The following subsections describe the interface between the
MAT and Lhe coaxial eable. Negative 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-
cuitry (not including the means of attachment to the coaxial cable) is recommended to be not greater than
G p). The magnitude of the reflection from a MAU plus the cable connection specified in 10.6.3 shall not be
more thasr that produced by an 8 plf capacitance when measured by both a 25 ns rise time and 25 ns {all
tinie waveform. The resistance presented to the coaxial eable shall be greater than 100 k{2,
These eonditions shall he met in both the powoer-off and power-on, not-transmitting states,

10.4.1.2 Bizs Current, The MAU must draw (from the cable) betwesn +2 pA and - 25 uA in the powoer-
off and the power-on, not-leansmiiting states.

10.4.1.3 Coaxial Cable Sipnaling Levels. The signal on the coaxial cable due to a single MAU as
measured at the MAUs transmitier oulput is composed of an ac component and an offset component.
Expresgsed 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 de 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, o

The current drive imit shall be met even in the presence of one other MAU transmitter. The MAU shall
be capable af generating at least 2.2 V of average dc level on the coaxial cable in the presence of two or
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more olher MAUs iransmitiing concurrently. The JATE shall, in addition, sink 0o more than 2 250 pa
when the veltage oo the center conducior of the cable drops to - 10 V when the MALU is Leansmiiting.
The actual current measvred at a given point on the cable s o funciion of the tranamitted curvent and
_the cable loss to the point of measurement. Negative corrent is defined as corvent vut of the center condue
tor of the cable (into the MAU). The 10 ~ 90% rizeffall times shall be 25 & & ns at 10 Mb/s. The rise and fal
times must match within 2 ns. Figure 10-4 shows typical wavelforms present on {he eable. Harmonic con-
tent generated from the 10 MHz fundamental perivdic input shall meet the Tollowing requivements:

Socond and Third Harmonics: At Jeast 20 dB below fundamental
Fourlth and Fifih Harvmonics: AL least 30 dB below fundamental
Sinth and Seventh Harmonies: At least 40 dB below fandanienial
All Higher Farmonics: At least 50 dB below fundamental

NOTE: Fven harmonies are typically much lower,

s T G mA
~17 mA L S [——
e e L Y
/
i
TR p——— ET— |
f {
-0 mA () [ e

Fig 104
Driver Current Signal Levels

The above specifications concerning harmonics eannot be satisfied by a square wave with a single-pole
fitter, nor can they be satisfied by an outpnt waveform generator employing linear ranps without addi-
tional waveshaping. The signals, as generated from the encoder within PLS, shall appenr on the conxial
crtble without any inversions (see Fig 10-5).
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FOTE: (1) Voltagens given are nominal, for a single trensmitior,
(2) Rize time is 25 ng nominal at 10 Mb/u rale,
{3) Valtagey ore messured on terminoled conxinl cable ndjacent i {rensmitiing MAU,
(4) iManchesler coding.

. Tig 105
Coaxial Trank Cable Bignal Wavetform
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104.1.4 Transmit Guiput Levels Symmetey, Signals received from the 100 circuit must be trans-
mitted onto the eoaxial cuble with the characteristics specifind in 10.4.1.3. Since the conxial cable proceeds
it two direeiions from the MAT, the eurrent into the MAU @ nominally twice the eurrent measurved on the
coaxial cable.

The output signal of a MAU meeting this specification shalt exhibit edge jitter of no more than 2.5 ns into
a0 25 004 1% rvesistor substiluled for the conneclion {o the coaxial vable when 1be DO cirenit inte the MAU
is driven with pscudo-random Manchesler enceded binary data from a data generator that exhibits no
more than 0.5 ns of edge jitter on half bit cells of exactly 172 BT, whose output mests the specifications of
7.4.1.1 through 7.4.1.5. The above speeified component shall not introduce more than 2 ns of edge jitler inte
the system.

Tlhe MAU shall not tremsmit a negative going edge after cessation of the CD outpui data stream or befora
the first valid edge of the next frame.

10.4.1.5 Collision Ieteet Thresholds. For receive mode collision delection the MAU shall bave iis
vollision detection threshold set in the range -1404 1V and -15681 mV. These limits take account of up {o
8% collision detect filter impulse response. If a specific filter implementation has a higher value of impalse
response, the lower threshold limit of ~1404 mV is required to be replaced by 1300 mV % [1 + impulse
responsel.
Reecive mnde collision detection indicates that a nontranemitting MAU has the capability to deiect colli-
sions when twe or more MAUSs are trangmitting simul{aneously.

MAUs included with repeater sets ave required Lo implement receive mode collision detection.

When receive mode collision detection is not implemented, the upper Hmit of 1581 mV may be relaxed
to ~1782 mV.

NOTE: The above threshold Hmils are measured at the coaxial eable cenfer conductor with respect to the shicld at the MAU connee-
tor, The MAL designer must take bnto aveount cirenit offsels, low-frequency noise (for emmple, 50 11z, 60 Hz), and 5 Mz ripple at
the filter output in determining the actnal internal threghold valve and its tolerance.

10.4.2 MAYT Electrical Charaeieristics

10.4.2.1 Eleetrical Isolation, The MAU must provide isolation between Uhe DTE Physical Layer cir-
cuits and the coaxial frunk cable. The isolation impedance measnred belween any conductor in the DTR
Physical Layer civcuitry and either the center conductor or shield of the coaxial cable shall be greater than
250 kQ) at 50 Wz, 60 He. In addition, the isolation impedance between the DTE ground and the coaxial
cable shield shall be less than 15 O beiween 3 MHz and 30 Mz, The isolaiion means provided shall with-
stand 500 V ac, rms for one minute.

10.4.2.2 Power Consumption. The current drawn by the MAU shall not exceed 0.5 A if powered by
the AUI source. The MAU shall be capable of operating from all permissible vollage sources as supplied by
the DTE through the resistance of all permissible AUI cables. The MAU shall not disrupt the trunk coaxial
medium sheuld the DTE power source fall below the minimum operational level under abnormal MAU
load conditions.

The MAT shall be Jabeled externally to identify the maximum value of curvent required by the device.
This requirement. only applies to MAUs that are external to DTEs,

10.4.2.3 Reliability. The MAL shall be designed to provide an MTBE of at least 100 000 hours of con-
tinuous operation withouf causing communication failure among other stations attached to the loeal net-
work medium. Component failures within the MAU clectronics should not impede the communieation
among other MAUs on the coaxial eable, Connectors and other passive components comprising the means
of connecting the MAU to the coaxial cable shall be designed to minimize the prebability of total network
failure. :

It should be noted that a fault condition that causes a1 MAU fo draw in excess of 2 mA from the coaxial
cable may cause communication failure among other stations.
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1048 MAU-DTE Elecirical Chavacieristios. If the AUT is exposed, the eloetrieal chnracierisiics for
the driver and receiver componenis connected between the DTE Physical Layer dreuitey aad the MAU
chall be identical with those as specified in Section 7 of this standard.

165 Chavaeteristics of Conxial Cable System. The trouk esble ks of conetant impedance, coaxial con-
struction. It is terminated at cach of the two ends by a terminator (see 10.6.2), and provides the trapsmis-
gion path for connection of MAU devices. Conxial cable connectors are used to make the connection from
the cable to the terminatoers and between cable sections. The cable has various electrical and mechanical
requirements that shall be met Lo ensure proper operation,

10.5.1 Coaxial Cable Electrical Parameters. The parameters specified in 10.5.1 are met by cable
types RG 58 A/U or RG 58 C/U.

10.5.1.1 Characteristic Impedance. The average characteristic cable impedance ghall be 50 £ 2 0,
Periodie variations in impedance alonp a single piece of cable may be up 1o £3 € sinuscidal, centered
around the average value, with a peried of less than 2 m.

10.5.1.2 Altenuation. The attenuation of 8 186 m (GO0 {1) cable segment shall not exceed 8.5 dB mea-
sured al 10 MHz, or 6.0 dB measuved at 5 Mz,

10.5.1.3 Velociy of Prepagation. The minimum required velocity of propagudion is 0,65 ¢

10.5.1.4 Tdge Jitter; Entive Begment without D'TEs Attachod, A coaxial cable segment meoting
this specification shall exhibit edge jitter of no more than 8.0 ns in either direction at the receiving end
when 185 m (800 1) of the cable is terminated ai both ends with {erminators meeling the impedance
requirernents 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 edge jitter in either direction on half bit. cells of
exactly Yy BT and whose oulput meeis {he specifications of 10.4.1.3, except that the rise time of the signal
must be 30 ns + 0, - 2 ng, and no offsct component in the output current is required. This test shall be con-
ducted in a noise-free environment. The above specified component is not to inlroduce more than 7 ng of
edpe jitter into the system,

10.5.1.5 Transfer Impedance. The coaxial cable medium shall provide sufficient shiclding capability
to minimize its suscentibility to external noise and also to minimize the generalion of interference by the
medium and related signals. While the cable construction is nat mandated, it is necessary to indieate a
measure of performance expected from the cable component. A cable’s EMC performance is determined, to
a large extend, by the transfer impedance value of the cable.
The transfer impedance of the cable shall not exceed the values shown in Fig 10-6 as o funciion of [re-
quency.

10.5.1.6 Cable DC Loop Resistance. The sum of the center conductor resistance plus the shield
resistance measured at 20 “C shall not exceed 50 m{/m,

13.5.2 Coaxial Cable Physien] Parameters

10.5.2.1 Mechanienl Requirements, The eable used should be suitable for vouting in various envi-
ronments, including but not limited to, dropped ceilings, raised floors, and eable froughs as well as
throughout open flaor space. The jackel shall provide insulation befween the cable sheath and any building
siruetural melal. Also, the cable shall be capable of aceepting coaxiul eable connectors, described in 10.6.
The cabie shall conform to the {ollowing requiremoents.

10.5.2.1.3 General Construciion
{1} The coaxial cable shall consist of a center conducter, dielectric, shield system, and overall insulating

jacket. :
(2)  The coaxial cable shall-be sufficiently flexible to suppert a bend radius of 5 em.
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Fig 10-6
Maximum Coaxial Cable Transfer Impedsance

10.5.2.1.2 Center Conductor. The center conductor shall be stranded, tinned copper with an over-
all diameter of 0.89 mm 2 0.05 mm.

10.5.2.1.8 Dielectric Material. The dielectric may he of any type, provided that the eonditions of

10.5.1.2 and 10.5.1.3 are met; however, a solid dielectric is preforred,

10,5.2.1.4 Shielding System. The shielding system may contain both braid and foil elements suffi-
cient to meet the transfor impedance of 10.5.1.5 and the EMC spocifications of 10.8.2.
The inside diameler 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 moet the contaet resistance and shiclding requivements.

10.5.2.1.5 Overall Jocket

(1} Any one of several jocket materials shall be used provided the specifications of 10.5.1 and 10.5.2 are
met.

(2; Either of twe jacket dimensions may be used for the two Iroad classes of materials provided the
specification of 10.5.2.1.1 are mel:
(a) Polyvinyl chloride {for example, PVC} or equivalent having an OD of 4.9 mim £ 0.2 mm,
{b) Tluoropolymer {for example, FEP, ECTFE) or equivalent having an 0D of 4.8 mm + 0.3 mun.

The cable shall meet applicable flammability and smoke eriteria to meet the local and national codes for
the installed envirenmeni (see 10.8.3).

Ditferent types of cable sections (for example, polyvinyl chloride and fluoropelymer dielectricy may be
interconnected, while meeting the sectioning requirements of 10.7.2.1.
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10.5.2.2 Jacket Mavking, It is recommended that the cable joeket be marked with manuofaciurer and
type al o nominal {requency of at least once per meter along the cabie,

10,458 Total Segment DU Loop Hesigtonco. The swu of the center conductor, connectors, aud shicld
resistance shall not exceed 10 © total per segment. BBach in-line connector pair or MAU shall conlribute o
more than 10 mf.

As a trunk coaxial cable seprment consists of geveral cable sections, all connectors and internai resistance
of the hield and center conductor shall be included in the Joop resistance measurement.

10.8 Coaxial Trank Cable Connectors. The trunk coaxial medium requires termination and is parti-
tioned into sections. Devices to be attached to the medium require a means of connection to the mediam,
This means is provided by a BNC “T” adapter, as shown in Fig 10-7.

SINGLE MOULDING
SNAP CLOSE BODY

|

”If \\ﬁ :
)

= FLYING COVER TO INSULATE
FAALE T CONNECTOR WHEN
WITHDRAWN FROM DTE

A Y
INSULATING COVER

(Tutorial only and not part of the standard.)

Fig 10-7
Examples of Insulated Connecior Cover

The BNC conneclors shall be of the 50 { constant impedance type. High-quality versions of these connec-
tors {per 1EC 169-8 [4]) are recommended in order to meet de loop resistance and reliability considerations,
All of the ceaxial connectors shal) follow the requirements as defined in 10.6.3.
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10.6.1 In-Line Coaxial Bxtension Connector, All conxial cables shall be terminated with BNC plug
connectors. A means shall be provided to ensure that the connocetor shell (which connects {o the cable
sheath) does not make contact with any building metal (at ground potential) or ether unintended conduc-
tor.

An insulating sleeve or boot slipped over the connecter at installation time is suitable,

In-line coaxial extensions shall be made with BNC receptacle-to-receptacle connectors joined together to
form ene “barrel.” Aninsulating sleeve or boot shall also be provided with each barrel assembly,

10.6.2 Coaxinl Cable Terminastor

10.6.2.1 Conxial cable terminatars are used to provide a termination impedance for the cable equald in
value to its characteristic impedance, thereby minimizing reflection from the ends of the cables. Termina-
tors ehall be packaged within a male or female connector. The termination impedance shall be 50 2 + 1%
measured frorm 0-20 MHz, with the magnitude of the phase angle of the impedance not to exceed 5° The
terminator power rating shall be 0.8 W or greater, A means of insulation shall be provided with each {ermi-
nator,

10.8.3 MAU-to-Coaxial Cable Connection. A BNC “T” (plug, receptacle, plug) adaptar provides a
means of attaching a MAU to the coaxial cable. The connection shall not disturb the transmission line
characteristics 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 Jocated as close to its cable connection as possi-
ble; the MAU and connector are normally considered to be one assembly. Long (greater than 4 cm)
connections between the coaxial cable and the input of the MAU jeopardize this objective.

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

The design of the connection shall meet the eleetrical yequirements contained in 10.4,1.1 and the reliabil-
ity specified in 10.4.2.3. The use of BNC “T" adaptors and connectors satisfies these requirements.
Figure 10-7 shows a MAU-to-coaxial cable attachment,

A means shall be provided to ensore that the connector assembly (that is, BNC “T” plus male conneciors}
does not make contact with any building metalwork (at ground potential) or any other unintended condue-
tors, An insulating cover should therefore be applied after connection. A possible design iz depicied in
Fig 10-7. The insulating cover should have these characteristics:

{1) Tt slould guard against accidental grounding of the connector assembly,

(2) It should allow ease of altachment and detachment of an assembled “1" connector to the MAU with-
out necessitating the removal of section cable connectors (that is, segment integrity is maintained).

{3) It should be a simple moulding that attaches firmly to a connector assembly.

10.7 System Considerations

10.7.1 Transmission System Model. Certain physical limits have been placed on the pliysical trans-
mission system, These revolve mostly around maximum eable lengths {or maximum propagation times), as
these can affect critical time values for the CSMA/CD access method. These maxima, in terms of propaga-
tion times, were derived from the physical configuration model described here. The maximum configura-
tion is as follows:

{1} A trunk coaxial cable, terminated in its characteristic impedance at each end, constitutes a conxial
segment. A coaxial segment may contain a mazximum of 185 m (600 ft) of coaxial cable and a maxi-
mum of 30 MAUs. The propagation velocity of the coaxial cable is assumed to be 0.65 ¢ minimum (¢
= 8 ¢ 108 mys). The maximum end-to-end propagation delay for a coaxinl 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.

(3} The maximum transmission path permitted between any two MAUSs iz 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 consisi of no more than three tapped coaxial
segments; the remainder shall be link segments as defined in 8.6.1.
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Maximum Transmission Path

NO'PE: Care should be taken fo ensure that the safely requivements sre met when extending the trunk cable by the use of
repeaters (see 10.7.2.5)

(4) The transmission system may also coniain segments comprising trunk coaxial eable specified in
Section 8; however, these ghall be attached by repeater sets. As such a combination of segments is
capable of achieving longer lengths than (3) above, the masimum configuration then becomes lim-
ited by propagation delay, Type 10BASEZ segments should not be used to bridge two Type 10BASES
segments.

Tigures 10-9, 10-10, and 10-11 show transmission systems of various types and sizes to illustrate the
houndary conditions an topologies penerated according to the specifications in this section.

COAMEAL CABLE SEGMENT
5 {185 WETERS MAXIMUM) — T
COARIAL GABLE
o s
MAU & CONNECTION
STATION TO COAXIAL GABLE
- (30 1t
PER SEGMENT)

Fig 10-9
The Minimum System Configuration

10.7.2 Transmission System Requirements

10.7.2.3. Cable Sectioning. The 185 m (600 {t) maximum lenglh coaxial eable sepment will be made
from a number of cable sections. As the variation on cable characteristic impedance is £2 Q on 50 £, a pos-
sible worst-case reflection of 4% may result from the mismateh between two adjacent cable sections, The
MAU will add te this reflection by the introduction of its neninfinite bridging impedance.

The accumulation of this reflection can be minimized by observing a minimum distance betwoen MAUs
(and between cable sections). In order to maintain reflections at an acceptable level, the minimum length
cable section shall be 0.5 m,
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10.7.2.8 MAU Placement. MAU components and thelr nssoviated connections to the cable cause sig-
aal reflections due to thedr noninfinite bridging impedance. While this impedance must be implemented as
specified in 10.6, the placement of MAUs along the coaxinl cable must zlso be eondrolicd {0 ensure thai
reflociions {rom the MAU do niet aceumuiate to a significant degree,
Coaxinl cablo seetions as speeified in 10,7.2.1 shall be used to connect MAUs, This guaranices a mint-
mum spacing between MAUs of 0.5 m.
The iotal number of MAUs on a cable segment shali not exeeed 30.

10.7.2.3 Trunk Cahble System Barthing, The shield conductor of each coaxial cable sogment may
make clectrical contact with an effective earth reference®® at one point and shall not make clectrical con-
tact with earth elsewhere on such objecis as building structural meial, ducling, plumbing fixture, or other
unintended conductor. Insulators should be used to cover any coaxial connectors used to join cable seetions
and terminators, to ensure thal this requivement is met, A sleeve or bool altached at installation time is
acceptable, (See 10.6.3.)

10.7.2.4 Static Discharge Path. A static dischsrpge path shall he provided. The shield of the trunk
conxial cable is required fo be connected to each DTE earth (within the DTE) via a 1 MO, 0.25 W resistor
that has a voltage rating of af least 750 V de.

10.7.2.5 Installation Envivonment, This specification is infended for networks in use within a single
building and within an area sevved by a single low-voltage power distribution system. Applications requir-
ing interplant connections via cxternal (outdoors) means may reguire special considerations, Repraters
and nonconducting IRL components may provide the means to satisly these isolation requirements.

NOTE: The reader is ndvigad that devices should pol be eperated of sigaificantly different frome potentiniz, The HBASE? connociion
system may nol be capable of hondling exeestive carth currents.

10.8 Bovironmentsl Specificaiions

1081 Safety Requivements, The designer should consult relevant local and national safely regula-
tions to nssure complionce with the appropriate standards (for example, see Appendix A for reference
material),

10.8.1.1 Instaliations. If the trunk coaxial cable is to be installed in cloze proximity to electrical power
cables, then installation practice according 1o local and national code shall be followed {see Aunex for
resouree magerial), '

10.8.1.2 Barthing, Where earthing is mandated by locally or nationally preseribed codes of practice,
the shield of the trunk coaxial cable shall be cffectively earibed at only one point along the length of the
cable. Effectively earthed means permanently connected to earth through an earth connection of suffi-
ciently low impedance and having sufficient ampacity to prevent the building up of voltages that may
result in undue hazard to connected equipment or to persons.

10.8.2 Blectromagnetic Bavivonment

16.8.2.1 Susceptibility Levels, Sources of interference from the environment include eleciromap-
netic fields, electrostatic discharge, transient voltages between earth conneclions, ete,
Several sources of interference will contribute to voltage buildup between the conxial cable and the earih
connection of a DTE.
The physical channel hardware shall meet ils specifications when operating in either of the following
conditions!

(1)  Ambient plane wave field of 1 Vi from 10 Iz through 1 GHe.

NOTE: Levels typieally =1 km from broadenst stations,

YSee local or nationsl repulations for puidanee on these matters and reference JALTZ].
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(2)  Interference souree voliage of 15.10 V peak 10 MHz sine wave with a 50 2 source resistance upplied
between the coaxial cable shield and the DTE ground connection,

MAUs meeting this standard should provide adequate RIF ground return (coaxial eable shield to DFR
ground) to satisly the referenced BMC specifications.

10.8.2.2 Emission Levels, The physical MAU and trunk cable system shall comply with loeal and
natienal regulations (see Annex for resource material).

10.8.3 Hegulatory Requirements. The MAU and medium should consider IEC 435 in addition to local
and national regulations. See references [6] and [A12].
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11, Broadbaid Medium Altachment Unit and Broadhand
Medium Specifications, Type 10BROADSE

11.1 Scope

11.1.1 Overview. Thig section defines the functional, electrical, and mechanienl charactevistics of the
Broadband Medium Attachment Unit (MAU) and the specific single- and dual-cable broadband media for
use with local area networks. The headend frequency transiator for single-cable broadband systems is also
defined. The relationzhip of this specification to all of the IEEE Local Area Network standards (IBEE 802)
iz shown in Fig 11-1. Repeaters as defined in Section 9 are not relevant for 10BROADSG.

s
AEFERENGCE LAN
LAYERS
APPLICATION L HIGHER LAYERS :
PRESENTATION LLC
/ | LOGICAL LINK CONTROL
/
MAC
SESSION ’ | MEDIA ACCESS CONTROL OTE Y% e
’ , PLS mpft«iﬁﬂm‘
- no
TRANSPORT ;7| PHYSICAL SIGNALING
/!
s -
NETWORK ;o :
’
DATA LINK ‘
PHYSICAL

AUl = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT

MOl = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT

Fig 111
Physical Layer Partitioning, Relationship to the IS0 Open Sysiems Interconnection
(OBI) Reference Model

The purpose of the MAU is to provide a means of attaching devices to a broadband local network
medium. The medium comprises CATV-type cable, taps, connectors, and amplifiers, A coaxial broadband
system permits the assignment of different frequency bands to muitiple applicatious. For example, a band
in the spectrum can be utilized by local area networks while other bands are nsed by point-to-point or mul-
tidrop links, television, or audio signals,

The physical tap is a passive directional device such that the MAU transmission is directed toward the
headend location {reverse direction). On a single-cable system the fransmission from the MAU is at a car
rier frequency fl. A frequency translator (or remaodulator) located at ihe headend up-converts to a carrier
frequency 12, 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 1) and the MAU connecis 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 localion. Figure 11-2 shows broadband single- and dual-cable
systems.
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Fig 11.2
Broadband Cable Systems

The broadband MAU operates by accepling data from the attached Dala Termination Bguipment (DTE)
and transmitting a modulated radio frequency (RF) data signal in a data band on the broadband coaxial
cable system. All MAUs attached to the cable system receive and demodulate this REF signal and recover
the DTE data. The broadband MAU emulaies a baschand MAU except for delay between transmission and
reception, which is inherent in the broadband cable system.

A transmitting MAU lugically compares the beginning of the received data with the data transmitlied.
Any difference between them, which may be due to errors eaused by eolliding transmissions, or reception of
an earlier transmission from another MAU, or a hit error on the channel, is interpreied as a collision.

When a collision is recognized, the MAU stops transmission in the data band and begins transmission of
an 1tF collision enforcement (CE) signal in a separate CE band adjacent to the data band. The CB signal is
detected by all MAUs and informe them that a collision hag eccunrred. 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 RIF dala signals from different MAUs on the broadband cable
system may be received at different power levels, During a collision belween RE data signals at different
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levels, the MAT with the higher received power level miny see no errovs in the delected data stremm, How -
ever, the MAT wilh the lower BRI signal will see a difference befween transmitted and received dota: this
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MAL trausmits the CE signal o furee recognition of (e collision by oll tromsndtting MAUs,
11.1.% Definilions

Atlachment Unit Interface (AUD. In a loeal area network, the interface hetween the medium attach-
ment unit and the DTE within a data station. Note that the AUL carries encoded signals and provides for
duplex data trangmission.

Binary Phase Shift Keying (Binory PSK or BPEE). A form of modulation 1 which binary data are
transmitted by changing the carrier phase by 180 degrues.

Broadband LAN. A Local Area Nebwork in which information is transmitied on modolated earriers,
allowing coexistence of muliiple simuitaneous services on a single physical medium by frequency division
muitiplexing.

CATV-Type Broadband Medium. A broadband system compriging coaxial cables, taps, splitiers, amplifi-
ers, and connectors the same as those used in Community Antenna Television (CATV) or eable televigion
installations.

Channel, A band of frequencies dedicaled 1o a certain service transmitied on the broadband medium.

Coaxinl Cable. A two conducetor, concentric {eenter conductor and shield), constant immpedance transmis-
sion line.

Continuous Wove (CWh A carrier that is not modulated or switehed,

dBmV. Doecibels referenced to 1.0 mV on 75 ), used to define signal levels in CATV-Aype broadband
avstems.

Drop Coble, The small diameter flexible coaxial cable of the broadband medium that connects fo a
Mediuvm Access Unit (MAUY See Trunlt Cable.

Group Delay. The rate of change of tolal phase shifi, with respect, o frequency, through a component or
system, Group delay variation is the maxbmun difference in group delay over a band of frequencies,

Headend. The localion in a broadband system that serves as the root for the branching tree comprising
the physical medium; the point to which all inbound sigrals converge and the peint from which all out-
bound signals emanate,

duabber, A condition wherein a station transmits {for a period of time longer than the maxinmun permissible
packel length, usually due to a fanit condition.

Postamble. In the broadband Medium Atlachment Unit gpecified in this section, the bit paltern appended
after the last bit of the Frame Check Sequence; the Broadband End-of-Frame Delimiter (BEOFD).

Return Loss. The ratio in decibels of the power reflected from a port to the power incident to the port. An
indicater of impedance malching in a broadband system.

Seed, The twenty-three (23) bils vesiding in the scrambler shift vegister prior to the transmission of a
packet,

Spectrum Mask. A graphic representation of the required power distribution as a function of frequency
for a modulated transmission.
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Transiation. In a single-cable system, the process by which incoming transinissions a{ one frequency are
converted to anolther frequency for cutgoing transmission, The translation takes place at the headend.
] =

Trunecation Less. In a modulated data waveform, the power difference before and after hnplementing the
filtering necessary to constrain its spectrum to a specified frequeney band.

Trunk Cable. The main Jarge-diameter) cable of a broadband coaxial cable system. See Dron Cable.

11,3 MATU and Medivm Objectives. This subsection states the broad objectives and assumptions
underlying the specifications defined throughout this section of the standard.

(1) Provide the physical means for communication among local network Data Link Entities using a
broadband coaxial medium,

{2) Provide a broadband Medium Attachment Unit (MAU) that is compatible at the Attachment Unit
Interface (AUI) with DTEs used on a baseband medium.

(3) Provide a broadband MAU that emulates the baseband MAU except for the signat delay from Cir-
cuit DO to Circuit DI.

(4) Provide a broadband MAU thai detects collisions within the timing constraints specified in the
baseband case,

(5) Provide a broadband network diameter na less than 2800 m.

(8) Provide a broadband Physical Layer that ensures that no MAU ig allowed to capture the medivm
during a collizion 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 MHa.

{9) Define a physiecal interface that can be implemented independently among different manufacturers
of hardware and achieve the intended level of compatibility when interconnected in a common
broadband local avea network.

(10) Provide a communication channel capable of high bandwidth and lew 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 10?2 af the link level) in a worst-case signal-to-noise ratio of 26 dB.

(11) Provide a broadband medium pliysical layer that allows for implementation in both dual- and 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 physical medium.

It is not an objective of this broadband MAU to allow its use with the baseband repeater defined in See-
tion 9 of this standard.

11.1.4 Compatibility Considerations. All implementations of the broadband coaxial system shall be
compatible at the Medium Dependent Interface (MDI). This standard provides medium specifications for
the interconnection of all MAU devices. The medium itself, the functional capability of the MAU and the
AU Interface are defined to provide the highest possible level of compatibility among devices designed by
different manufacturers. Designers are free to implement circuitry within the MAU in an application-
dependent manner provided the MDI and AUT specifications are satisfied, Subsystems based on this speci-
fication may be implemented in several different ways provided compalibility al the medivm is main-
tained. It is possible, for example, to design an integrated station where the MAU is contained within a
physical DTE system component, thereby eliminating the AUI cable,

11.1.5 Relationship to PLS and AUL The broadhand MAU and eable system specifications are closely
related to Section 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 specifications in Sec-
tion 7.

11.1.6 Mode of Operation. In its normal mode of operation, the MAU functions as a dircet connection
between the DTE and ihe broadband medium. Data from the DTE are transmitted onto the broadband
coaxial system and all inband data on the conxial cable system is received by the DTE. This mode is the
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maode of operation for the intended message traffic between staiions. Other apernting modes, sueh as a
Ioopback mode or a monitor mode, may be provided but nre not defined by this standard.

1.2 MAU Functions! Specifications

112,31 MAU Functional Reguirements, The MAU component provides the means by which signals on
the physically scparate AUIT signal circuils to and {rom the D1E 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 ahility to transmit serial data bit streams originating at the local DR in a
band-limited modulated RF carrier form, to one or more remote DTEs on the same network.

{2) Receive Function. The ability to receive a modulated RF data signal in the band of interest from the
broadband coaxial medium and demodulate it into a serial bit stream.

(3) Collision Presence Funection. The ability to detect the presence of two or more stations’ concurrent
transmissions.

(4) Jabber Function. The ability of the MAU itself to interrupt the transmit funetion and inhibit, an
abnormally long output data strean.

11.2.1.1 Transmit Funetion Requirements, The transmit function shall include the following copa-
bilities:

(1} Receive Manchester encoded data sent by the local DTE to the attached MAU on Cireuit DO (trans-
mit data pair).

(2) Decode the Manchester enceded data received on Cirvcuit DO to produce NRZ (Non-Return to Zero)
dala and a recovered clock signal.

(3) Scramble the NRZ data using a CCITT V.28-type scrambler with seed changed on each transmitted
packet,

(4) Transform the incoming bits (prior {o modulation) to provide an unscrambled alternating zero-one
pattern terminated by an Unscrambled Mode Delimiter (UMD); seramble the remainder of the
incoming preamble, Start Frame Delimiter (SFD), and data frame; and append an unscrambled pos-
tamble {(Broadband BEnd of Frame Delimiter [BEQFD]).

{5) Differentially encode the packet generated above,

(G) Produce a bandlimited, double sideband suppressed carrier, binary PSK modulated RF signal repre-
senting the above generated differentially encoded packet.

(7} Drive the coaxial cable with the modulated RT signal,

Fipure 11-3 functionally represents these capabilities. The order of the functional blocks may be altered
provided thatl the resulf is the same.

MANCHESTER FRAME DIEFERENTIAL
AUF e—B1 DECODER [P REFORMATTER [—|  ENCODER “1
s
Ll MODULATOR |—ii AT CABLE
SYSTEM
Fig 11-3

Transmit Funclion Requirements
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11.2.1.2 Reveive Function Hequivements. The receive function shall include the followng:

(1}
(2)
(3)
(4)

in)
{5}

(7

(8}

Boetetve the differentially encoded bipavy PSE modulated BF <ipnad Gomn the broadband conxial
medium,

Receive the data band RE signals and reject sipnals in bands other than the data band (rejeciion of

signals in the adjacent collision enforeement. band is oplional),

Demodulate and differentially decode the incoming REF dala signal from the eoaxial niedinm o pro-
vide g receive bit steeam that represenis the scrambled bit strearns at the fransmiteer

Descramble the reegive bit stream using a self-synchironizing deserambler.

Manchester encode the descrambled bit stream,

Send to the DTE, using Circuit DI (reecive data pair), an additionel, locally-generaled, Manchester
encoded preamble equal to the number of preamble bits lost in the receive data path (plug or minus
one bit}, followed by the Manchester encoded bit stream, No maore than § preamble bits may be lost
frum the preamble presented Lo Cireuit DO at the travsmilting MAU.

Detect end of frame, using the postamble (BEOFD), and ensure thal ne extraneons bits are sent to
the DTE on Circuit DI,

Receive sipnals in the collision enforcement band and rejeet sigmals in the data band and all other
bands on the broadband medium,

11.2.1.3 Collision Detection Function RHeguirementis, The MAL shall perform the fbllowing fune-
tions to mect the collision detection requirements:

(1)

(2)
(3

(4)

(5)

(G)

(7)

&)

(3

Store the scrambled bits (not differentially epcoded) in the iranzmit section through to the last bit

in the source address.

Dletect the UMD in the transmii and receive paths.

Compare received scrambled bits afier the received UMD with transmitted scrambled hits after the

transmit UMD through to the last bit in the souree address.

A Receive UMD Timer function shall be performed by the MAU, The timer shall be as long as the

time required from initial detection of RF data signal presence to detection of o UMD in a normally

received (no collision) packet.

Enter a LOCAL COLLISION DETection state i one of the followings occurs:

(a) A bit ervor is found in the bit compare process through the last bit in the source address,

(b)Y The Receive UMD Timer expires before a UMD is detected in the received bit stream,

(¢} The MAU receives the output {that is, transmit) signal rom the AUL AFTER having received
an RF signal from the coaxial cable.

Upon entering the LOCAL COLLISION DET state, cease transmission in the data band and com-

mence transmission in the collision enforcement band for ag long as the DTE continues to send data

to the MAU.

Upon entering the LOCAL COLLISION DET state send the signal guulity error (8QIEY messape on

Cireuit CI {collision presence paird nsing the C80 sipnal for as long as RF signals are detected on the

broadband coaxial medivm in either the data or celiision enforcement bands.

Detect power in the collision enforcement band and send the BGI messoge on Gireuit CI using the

C20 signal. Send the SQE message for as long as cnergy is delecled in the collision enfurcement

band.

Ensure that during collisions, due to phase eancellations of the colliding exrriers, Civewit D does

not beeome inactive before Cireuit CI becomes active.

(10} Test the collision detection cireuitey following every Iransmisgion that does not encounter a colli-

sion, This test consists of lransmiliing a borst of eollision enforcement RT 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 Clreuit CI of the transmilting MAU.

11.2.1.2.1 Collision BEnforeement Transmitier Heguirements, The MAU shall provide a ¢ollision
enforcement (CE) transmiller thad generates a constant amplitude RF signal in the CE band at the same
power level as the data signal postamble.
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11.2.3.3.% Collision Enforecinent Detaction Hequiremenis, The MAU shall detect energy in the

CE band that is within the specificd range of raceive levels. ivvespeetive of the signal power level in the
data band.

11.8.1.4 Jabber Function Reguirements. The MAU shall have a jabber function that inhibits irans-

migsion onto the coaxial cable interface i the MAU altempts to transmit an RY signal longer than 150 me.
The MAU shall provide an MTBE of af least T million honre of eantinuons speration without vendering the
transmission medium unusable by other transecivers, Trapnsmissions of less then 20 ms sball not be
affected. When the jabber civeuit is activated, signal_qualiiy_crror shall be gent on Cirenit €L

Circuit DO shall also be monitored for transmissions in exvess of the maximum packet length, If the
packet is lenger than 20 ms, an attempt shall be made to deactivate the transmitter before the jabber cir
cuit 1s activated, to avoid locking up the unit due o a non-MAU fnilure,

State diagrams defining the jabber function may be found in 11.2.3,

11,22 BT PLS fo MAU and MAU to DT PLS Messages
11.2.2.1 BTE Physicr]l Layer to MAU Physical Layer Messages, The following niessages ean be

sent by the DTE Physieal Layer Entities to the MAU Physical Layer Entitics (refer o 7.2 of this siandard
for the definitions of the signals):

Message Circait Signal Meaning
oulpur no D1, CDho Output information
output_tdle ne IDL No data Lo be output

11.2.2.2 WAL Physical Layer 1o DTE Physical Laver Messages, The following messages can be
gent by the MAU Physical Layer Entities to the DTE Physical Layer Entities:

Maessage livenit, Signal Meaning

inpuf - Dl D1, CDo Input information ) o
inpuei_idle DI DL No miput information
mau_availuble ClI D1 MAU is available for output
signal_guatity_error Cl CSOUBIY Error detected by MAU

11.2.2.2.1 inpui Message, The MAU Physical Layer sends an inpui message to the DTIS Physical
Layer when the MAU has a bit ot data to send to the DTE. The physical realization of the inpué message is
a CD0 or CD1 sent by the MAU to the DTE on Cireuit DI The MAT sends CDO if the input bit is a zern or
CD1 il the input bit is a one. The jitter and asymmetry on CD0O and CD1 shall be no more than thal speci-
fied in 7.5.2.1.

11.2.2.2.2 input_idle Message. The MAU Physical Layer sends an inpef_idle message (o the DTE
Physical Layer when the MAU does not have data to send to the DTE. The physical renlization of the
inpel_fdle message is the IDL signal gent by the MAU to the DTE on Cirenit DI,

11.2.2.2.3 mau_aveilable Message, The MAU Physical Layer sends a mat_vvailable message to
the DTE Physical Layer when the MAW is available for vutpul. The mau_available message is always sent.
by an MAU that is prepared to output data. The physical realization of the men_vvailuble message is an
IDL signal sent by the MAU to the DTE on Cireuit CI,

1.2.2.2.4 signal_guality_ervor Message, The signal_guelity_crror message shall be implemented
in the following fashion:

189

HPE 1022-0184



[SO/IEC B802-3 : 1993
ANSVIEERE Std 802.3, 1953 Edition LOCAL AND MIEPROPOLITAN AREA NETWORKS:

(&)

(2)

(3

(4)

The signel_guality_error (SQE) meszage shall not be sené by the MALU if no or only pne MAU iz
transmitling a legal length packet (as specified in this standard) on the coaxial medinm, except as &
part of the SQE self test.

If the MATU connected to the local node is not transmitting, then the local MAU shail send the sig-
nal_guality_error message in every instance when it detects power in the collision enforcement
hand earlier than the time equivalent for reception of a 512 bit data frame plus preamble and SFD.
When the local MAU is transmitting on the coaxial medium, all oceurrences of one or more addi-
tional MAUs transmitting shall cause the signel_guality error message to be sent by the local MAU
ta the atiached DTE.

When the MAU has completed a successful transmission of a packet it shall perform an SQE Test
sequence. In this instanee, the collision enforcement RF signal is interpreled as an SQB Test signal

11.2.3 MAU State Diagrams. The operation of the MAU during normal transmission and receplion 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. Abnermal conditions are implementation-specific.

The state diagram in Fig 11-4 does not deseribe the operation of the MAU in detail. This is found in 11.2
and 11.3,

The operation of the jabber function is described by the state diagram of Fig 11-5. When the MAU Jabber
state machine is in the INTERRUPT or JAB state, outpuis of the MAU Jabber state machine shall over-
ride those of the MAU state machine.

11.2.8.1 MAU Btate Diagram Messages. The following messages are used in the siate diagram:

(1) disable_data_driver. Deactivates the mechanism by which the RF data signal is impressed onto the
coaxial cable,

(2) enable_data_driver. Activates the mechanism by which the RF data signal is impressed onto the
coaxial cabie.

(8) disable CE_driver. Deactivates the mechanism by which collision enforcement RIF signals are
impressed onto the coaxial cable.

(4) enable_CIi_driver. Activates the mechanism by which collision enforcement RI' signals are
impressed onto the coaxial cable.

(5) mau_available. Signifies that the MAU is available for transmission (that is, there is no SQE
active).

{6) signal_guality_error (SQE). Signifies that the MATU has detected a collision, it has successfully com-
pleted the SQE Test sequence, or the jabber cireuit is active.

(7) start _SQE_test_timer. Causes a timer to begin counting so that the SQE Test signal may be sent to
the coaxial cable interface.

(8) positive_disable, Prevents any RF signal from being sent onto the coastial cable.

11.2.8.2 MAU State Diagram Signal Names, The signal names used in the state diagram are as
follows:

{1) PowerOn. This signal signifies that power hag been applied to the unit,

(2) rx_energy. When this signal is active, an RY signal on the coaxial cable has been detected either in
the data band or in the collision enforcement band or in both. The delay in asserting or deasserting
this signal is sufficiently short that the delays specified in 11.3.4.5 are met.

(3) ovtput. Signifies that data from the D'I'E is being presented for transmission at the AUL

(4) {x_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 Unserambled Mode Delimiter has been
detected in the receive data sequence as it is conveyed {rom the coaxial eable interface, this signal is
agserted.

(6) SQE_test_timer. This signal is on during the time that the SQE Test Timer is engaged. At the end of
the time, this 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 AU, this signal is deasserted.

190

HPE 1022-0185



ISOAIC BB L 190y
CAMA/CD ANSIIEEE Std BO2.28, 1803 Edition

(8) ced (Collision Enfercement Detection), RF signal power in the eollision enforcenent band causes
this signal to be asserted.

©} ced_window (Collision Enforcement Detection Window). This signal defines a period of time (a “win-
dow”) during which collisions may eccur. Xia purpose is to distinguish collision enforecements from
SQI 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 window may be open is the minimum
frame length, plus preamble and 3FD: 576 bits.

{10) rx_umd_timeout {Reeeive Unscrembled Mode Delimiter Timesut). It is posaible that the Receive
Unserambled Mode Delimiter may be corrupted by a collision such that the bit-by-bit comparison
may not begin, This signal {orces detection of a collision due te failure to delecl the rx_umd within
maximum time. The timeout begins upon receipt of RF signal in the data band and expires 32 bit
times later

(11) tx_# rx (Transmit Not Bqual to Receive). Assertion of this signal oceurs when a difference is
detected bebween the received data stream and the transmitted data stream.

(12) bbbw (Bil-hy-Bit Window). Bit-by-bit comparison shail be performed only for a time long enough to
cuarantee that the last bit of the source address has been examined. This signal is 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 opera-
tion with the breadband MAU is 62 bits. This places the last bit of the source address no later than
143 bits after the UMD.

(13) ced_gate. This signal is a gating function that serves o shape the timing of ced during an SQE Test.
1t beeomes true a minimum of 6 and a maximum of 16 bit times afler the last bit has been presented
to Qircuit DI and stays active 10 £ 5 bit times,

(14) tx_energy. This signal signifies that the MAU is allempting to transmit an RF signal onto the coax-
ial cable,

(15) frame_timer. This signal is on from the beginning of output until it is reset or until it has been on
continuously for timeoutl s. The value of timecutl shall be greater than 20 ms and less than
timeout?.

(16} jab_timer, This signal turns on when tx energy turns on and lasts until it is reset or until it has been
on continuously for timeout? s. The value of timeout2 shall be greater than timeoutl and less than
150 ms,
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MAU Jabber State Diagram

1.3 MAY Characteristics

13,1 MAU-o-Coaxial Cable Interface. The following subsections describe the interface between the
MAU and the broadband coaxial medium. The medium is a 75 Q CATV-type broadband cable installation
employing a single bidirectional cable with band-split amplifiers and filters, or dunl unidirectional cables
with line amplifiers.

11.3.1.1 Receive Interface

11.3.1.1.1 Receive Input Impedance. The nominal input impedance af the receive port shall be
75 Q. The return loss within the data and collision enforcement. frequency bands shall be at least 14 dB
with power applied to the MAU.

11.3.1.1.2 Receiver Squelch Reguirements. There shall be a receiver squeich thatl inhibits recep-
tion of RT signals that are too low in level. This squelch shall permit reception of RIF data or collision

enforcement signals that are greater than or equal to -7 dBmV rms as measured by the method of

11.8.1.2.5. RIF signals (data, collision enforcement, noise, or other signals) of levels lower than 15 dBmV

rms shall be ignored.
The receive squelch for CIE signals shall be derived from z power detector with noeise bandwidih greater
than or equal to 1.5 MHz centered al the CE center frequency.

11.3.1.1.3 Receive Level Reqguirements. 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 rma.

11.2.1.14 Receiver Selectivity and Linearity Reguirements. The MAU shall operate in the
presence of single frequency (CW) signals adjacent to the receive hand 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 exrmple,
every 6 MHz in the USA) The TV signals shall be no higher than +10 dBmV peak video at the receiver
coaxial cable interface.

11.3.1.1.8 Receive Input Mechanieal Reguirements, The receiver mechanical interface shall be a
75 (¢ female Feseries coaxial connector. The connection to the broadband medium shall be through a coaxial
drop cable with a mating male F-serics conneclor. For single-cable configurations, the same connector may
be used {or receive and transmit.

11.3.1.2 Transmit Interface
11.3.1.2.1 Transmii Ouipui Impedance. The nominal ouiput impedance at the transmit port shall
be 75 Q. The return loss within the data and collision enforcement {requency bands shall be at least 14 dB

with power applied.

11.3.1.2.2 Transmitied BRF Packet Format, Figure 11-6 shows the transmitted RF packet format.

11.3.1.2.3 Transmit Spectrum and Group Delay Characteristics, The transmit RF data signal
shall be binary phase-shifi-keyed (PSK) modulated and shall have a frequency spectrum equivalent to
haseband raised-cosine Nyquist filtering with a rolloff factor (a) of 0.4, and within the limits of Fig 11-7.
Tor rectangular pulses, the filter characteristic is

-
wT'/2 T
[T 0 e — ] —_
SntwT /gy <=wagl-a
o wTl'/2 " (T [ ol - dJD
H(w = si(wT/2) R VP T !
r =w < T 4+ 2
[*t"(l_a)( .{\T(I+ a)
0; [w 5 = %(1 + a)
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 spec-
trum of NRZ random data.

The total variation in group delay from Circuit DO to the RTF coaxial medium interface shall not exceed
20 ns in the frequency band from the carrvier frequency to = 5 MHz, and 32 ns to & 5.5 Mz,

The collision enforcement (CIE) signal shall be a constant amplitude pulse with conirolled turn-on and
turn-off times. Random modulation may be added to reduce the probability of cancellation when more than
one CE signal is received simultancously. The modulated signal shall have an instantaneocus freguency
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 frem the tranamit NRZ data stream.

The CI signal rise and fall times shall approximate a Gaussian shape of the form:

1‘~(1,) = exp(m;{%r}

where T' = one symbeol time and t < 0 for the rise time and t > 0 {or the fall time.
The CE and data RT signals shall not be transmitied simullanesusly.

1.3.1,2.4 Transmit Out-of-Band Spectrum. The transmitted power outside the specified band
shall meet or exceed the relative attenuation (RA) specified below, under the following conditions:
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Packet Format and Fiming Diageam (AUI to Conxial Cable Intorince)

(1} Transmitted packet length is 256 bits with a 25.6 ys interval betweon packets, for 50% duty cyele on
the calile,

(2) Reference level is an unmoedulated carrier, equivalent to the postomble fransmitted level.

(3)  RAis the attenuation in decibels relative to the reference level outside the specified band, measured
in & 30 kHz noise bandwid{h with a video filter of 300 Hz bandwidth or less.

{4) Bis 18 MIz, the widlh of data plus collision enforcement bands.

(8) MF is the measurement frequency in MHz,

(6 NCET is the {requency of the nearest edge of the band, in MHz.

RA =min (63,55 + 30%|(MF - NCEF) / B}

Figure 11-8 graphically shows the attenuation requirement for out-of-hand power.

1.3.1.2.6 Transmit Level Reguirements. The tranamitter output power during the postamble
and during the SQE Test of the collision enforcement signal shall be 1000 mV peak-to-peak into a 75 Q load
(61 dBmV rms). Truncation loss due to the specified data filtering iz 1 dB; transmilted RY data signal
power is 50 dBmV rms, Transmit oulpul power variations shall not exceed & 2 dB.

11.3.1.28 Nondrapsmitiing Sigaal Leakage Reguirement. The REF data signal and collision
enforcement signal leakage to the conxial cable interface while the MAU is not in its {ransmission mode
shall be less than ~20 dBmV rms.

11.3.1.2.7 Transmit Spurious Quiput Requirement, Al spurious sigmals from the transmitter
(inband and out-of-hand) while not transmilting shall be less than -20 dBmV rms. All spurious signals
from the transmitter while transmitiing data or collision enforcement shall be below the spectrum mask
specified in 11.3.1.2.4.
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11.3.1.2.8 Collision Enforcement Signal Leakage Requirement. The collision enforcement RE
sipnal leakage to the eoaxial 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 MAT is nol in the
transmission maode.

11.3.1.2.8 Transmit Output Mechanieal Reguivemenis, The transmit mechanical interlzee shall
be a 75 O female F-series conxial connector. The connection to the brozdband medium shall be through a
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conxial drop eable with a mating nvale F-geries connector, For single cable instollations, the same conneelor
may be used for transmit and receive.

11.3.2 MATU freqguency Alloeations. The broadband MAU uses o daia band 14 Mz wide and an adja-
cent collision enforcement band 4 MIHz wide, A single cable midsplit configuration with a frequeney offset
of 156.25 MHz or 192.25 MHz between forward and reverse channcls is recommended. Other configura-
tions, including dual-cable, where forward and reverse channels ave on separate unidirectional cables, also
are permitted.” The preferred pairing for the vsual North American 6 MHz channels is specified in Table
11.2-1 and Table 11.2-2. The tables also specify the data carvier or collision enforcement center frequency
for each band, and for single-cable systems, the frequency translation and the headend local oscillator
frequency.

11.3.2.1 Single-Cable Systems Frequency Allocations.” Table 11.2-1 lists the permissible fre-
quency band alloeations for single-cable systems. The 192.25 MMz translation is recommended for all new
designs, The 156.25 MIz translation iz allowed for compatibility with some existing systems. The
156.25 MHz translation results in a reversal of the data and collision enforcement bands, ag the lower side-
band is used.

11.3.2.2 Dual-Cable Systems Freguency Alloeations.” In nontranslated dual-eable systems trans-
mit and receive frequencies ave identical. Table 11.2-2 lists the permissible frequency band allocations. In
some instances translated dual-cable systems are installed. In such cases the single-cable frequency alloca-
tions may be used.

Table 11.2-1
Single-Cable Frequency Alloestions (Freguencies in MEz)

TRANSMITIER RECTIVER

Translation Tranglation

156.26 MHz 192,25 Mz
Data Coll Bnf Transmit Headend Receive Headond Reerive

Cayrier Center Freg Band Leeal Qsc Band Local Osc Band

43 52 35.76-53.75 245.75 192-210 192.25 228-246
49 o8 41.76-58.76 267,75 198-216 192.25 234-262
55 G4 47.75--65.75 269.75 204.292 192,25 240.258
+61 0 BITH-T1.75 28195 2106-228 192.25 246.264
G7 76 59.75-71.15 293.75 216-234 192.25 252.270
73 82 66.76-88.75 305,75 222.240 192,25 258216

NOTES: (1) Some of these optioral bands ave overlapping.
{2) Frequency tolerance of the data earrier and headend loeal oscillator shall each b2 4 25 kHe.
(3) + denotes the preferred frequency alloeation,

11.3.8 AU Electrical Characteristics

11.3.3.1 Electrical Isolation Requirements, The MAU must provide isolation between the AUL
cable and the broadband coaxial medium. The isolation impedance shall be greater than 250 kQ at 60 Wz,
measured between any conductor (including shield) of the AU Interface cable and either the center condue-
tor or shield of the coaxial cable. The isolation means provided shall he able to withstand 500 Vac ris for
one minute,
The MAU power supply, if provided, shall meet the appropriate national requirements, See Reference {8}
for guidance,

“The remainder of 11.3.2 and all of 11.8.2.1 and 11.3.2.2 are not part of the IS0 standard. Frequency nlloeations ave a subject for
national standardization.
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Table 11.2-2
Buel-Cable Fregquency Allocations (I'requencies in M)

Diata Coll Bof Data Coll Enrl
Carrler Center Freg Band Band
13 52 3650 5051
49 58 4256 A6
55 64 4862 G2-66
+61 it B i Ga-72
67 ki 60-74 T4-T8
73 g2 46-30 30-84
235.25 24428 208-242 242246
241.26 250.25 234-248 2458-252
247.25 256.25 240-254 264-258
253.25 262,25 246260 260-264
259,25 268.26 252-266 266-270
265.25 274.25 258272 272276

NOTES: (1) Same of these optional bands are overlapping.
{2) Frequency tolerance of the data carrier shall be & 25 kHz,
{8) + denotes the preferred frequency allocations,

¥1,3.8.2 Corrent Consumption. The MAU may have its own power supply but is alzo allowed to usce
the power supplied by the DTE through the AUI cable. When drawing current fram the AU, the current
shall not exceed 0.5 A as provided by the AUI source. The MAU shall be capable of eperating from all possi-
ble voltage sources as supplied by the DTE through the resistance of all permissible AUI cables. The MAU
shall not disrupt the broadband coaxial medium should the DTE power source {all below the minimum
operational level under abnormal MAU load conditions. The MAU shall be labeled externally to identify
the nominal value of current required by the device at the AUL

11.3.2.3 Driver and Recaiver Reguirements. The requirements for AUY cable driver and receiver
components within the MAU are identical with those specified in Section 7 of this standard, The drivers
shall provide signals that meel the symmetry and jitter requirements of Cirenit DI defined in Section 7 and
the receivers shall accept signals that have traversed the worst-casc lengths of AUL cable,

11.3.8.4 AUI Mechanical Connection. The MAU shall be provided with a 15-pin male connector as
specified in detail in the PLS/AUI specifications, in 7.6 of this standard.

11.3.4 MIAY Transfer Chavacterisiics. Signals presented on Circuit DO are transformed inte signals
at the coaxial cable interface by delaying them and by reformatting them. Signals at the coaxial vable
interface are iransformed into signals on Circuit DI and Circuit CI by a different framing change and by
additional delay.

11.8.4.1 AUT te Conxial Cable Framing Chavacteristies. Data presented on Circuit DO ghall first
be received differentially, then Manchester decoded into an NRZ data stream, The framing of the dala shall
then be transformed into a new packet for presentation to the RF modulator in the following way (see
Fig 11-6 and Tig 11-9):

(1) Up to 5 bits of the incoming data stream may be dropped for deteetion and Manchester decoding
PUTPOSES.

Beginning with the first zero, 20 bits of zerc-one pattern shall be sent for receiver synehronizalion
and clock recovery.
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Packet Format at Modulator luput

(8)  The next two bils (zero-one in the incoming pattern) shadl both be sei to zero and form the Unseram-
bled Moede Delimiter (UMD). The UMD shall take the place of the zero-one in the incoming paltern;
it shall not be inserted into the data stream.

{4)  All remaining bits in the preamble, 3FD, and data flelds shall be serambled (using & CCITT V.20
serambicr plus a differential encoder per 11.3.4.1).

{8) A postamble (BEOFD) congisting of o zero followed by 22 ones shadl be added fmmediately after the
last scrambled data bit (the pustamble is not scrambled). The postamble may be extended to alow
controlled turnoff of the transmitted signal, as shown in Fig 11-6.

{6} All bits (unmedified preamhble; UMD; serambled preamble, $FD, and data; ,and postammble) are
inverted.

(73 All bits sent to the RI' modulator are differeniially encoded. Figure 11-9 shows the appearance of

the data before and after the differential encoder.
(8) The SQT Test sequence shall be generated afier a successful dota transmission by fransmitiing a
collision enforcement RT signal with the timing shown in Fig 11-6.

Berause the preamble of the incoming data en Circuit DO is modified, it is assumed that D'TEs generate
a minimum length preambie of 47 bits. The maximum preamble length iz allowed to be 62 bits, as shown in
Tig 11-6,

11.3.4.1.1 Serambier and Differential Bncoding Requirements, The NRZ data shall be seram-
bled (using a CCITT V.28-type scrambler). A new sced shall be used by the scrambler {or every new packet
presented by the DTE to the MAU. Figure 11410 is a diagram of a typical serambler implementation,
The scrambled NRZ data shall be differentially encoded {sce Fig 11-11 for o Lypical implementation).
The entire encoding process comprising the serambling and differentinl encoding is esseniially equiva-
lent to a division of the pelynomial representing the data to be tranemitted by the following polynomial:

Glx)m Lkt e x84 oty o g o

11.3.4.2 Coaxial Cable to AU Framing Charvacteristics. The MAU shall demodulate, differentially
decode, and invert the received RI' data signal to recover the scrambled and inverted data stream. Clock
zhall be recovered and a replica of the unfiliered and noninverted transmilted data siream shall be ore-
ated. The rvestored dota shall be forced to a logic “one” state whenever no RF data signal is detected. This
prevents false UMD detection amd forces postamble detection when no carrier is present.

The framing information eonlained in the RF data stream shall be used Lo reconstroct the received data
sn that 1o more than 6 bits are lost and no more than one it added to the preamDble field, and no bits are
added to or lost from the end of the transmil data. Detection of the UMD in the receive dita shatl initiaie,
after a fixed delay, o Jocally genervated preamble sequence of zero-anc pattern. This pattern “flis in” the
preamble bits altered due to the framing information al the beginning of the packel: the zero-one synchro-
aization and elock recovery sequence, the UMD, and the deserambler synchronization sequence.
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The MAU shall deseramble the received data using a selfsynchronizing (CCITT V.2%type) descrambler.
No prior knowledge of the seed used by the scrambler shall be assumed by the descrambler cireuit. The
deserambler shall bave valid output no later than 23 bit ntervals after the UMD is detected by the
recciver, An cxample of a descrambler is shown in Fig 11-12, The differential decoding performed by the
demadulator and the descrambling function are essentially equivalent to multiplying the veceived polyao-
mial by G(x) as defined in the serambling and differential encoding requirements subscclion above.

After the descrambier is synchronized, 23 bits after the UMD, the correctly descrambled receive data,
starting with the 24th bit after the UMD, shall be transferred to the Manchester encoder and therefram to
the AUT. 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 bitg of preamble are lost, and no more than one bit added, in
transmission from Cirenit DO to Cireuit DI

The MAU shall detect the “zere” followed by 22 “ones”? (the postamble patiern) and, in conjunction with
the loss of carrier detection in the dala band or the presence of a coliision enforcement defection signal,
shall ensure that the packet presented to the local DTE has no extranesus bits added by the MAU ta the
end of the packel.
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The SQE Test signal shall be detected on the RIFF interface and the SQE signal shall be presented to Cir-
cuit CI of the transmitiing MAU, subject to the timing restrictions of 11.3.4.5.4, If the signal is not
ohserved at the RF interface due to failure of any element in the transmitter or receiver, no SQE signal
may be presented {o the AUI In the event of a collision enforcement, encrgy will appear in the collision
enforcement band within the ced_window iime after energy first appears in the data band. Cireuit CI shall
be agserted when collision enforcement is first deteeted and shall continue to be active until after the RF
signal on the RF port has subsided. Note that an SQE Test signal appended Lo a packet whose Jength is less
than the ced_window time (Jess than the minimum allowed packet length) will be indistinguishable from a
collision enforcement, except by the MAU transmitting. The transmitting MAU shall take this into account
and shall not interpret energy in he 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 transmitted. See
the disenssion in 11.4.2 for more information on eed_window.

11.3.4.3 Cireuit DO to Cireuit DI Framing Characteristics, In the absence of a collision, the
packet format of the receive data at the AU is identical Lo that of the transmitl data, except that there may
be one more preamble bit than was sent, at the transmit port and up to 6 bits of the preamble lost. In the
presence of a collision, the receive data is undefined, but shall till be properly Manchester encoded.

11.8.4.4 AUIL {0 Coaxial Cable Belay Charvacteristies. 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.

11.8.4.4,1 Cireuit DO to RF Data Signal Delay. The delay from a transition on Cireuit DO at the
end of a hit to the corresponding phase ehange of the RF data signal (such bit chosen so that an RFF burst
phase change does exist) shall be ne more than 24 bit times, The delay from the firsé transition on Cireuit
DO to the fivst appearance of R energy, however, is not specified except as it is determined by other timing
constraints,

11,3.4.4.2 Cireuit DO to CE RF Ouiput Delay. In the event that the MAU begins receiving energy
on the coaxial medium just before the DTE presents data to the AU, a collision shall be detected locally, as
described in Fig 11-4. The delay from the first bit at Circuit DO of the AUI to the presentation of collision
enforcement at the coaxial cable interface in this circumstance shall be 32 hit times maximum,

31.3.4.4.3 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 pert to the 50%
point of the rising edge of the SQE Test signal shall be 35 £ 3 bit times.

11.3.4.4.4 SQE Test Signal Lengih. The SQE Test signal length shall be 30+ 1 bit times as mea-
sured at the 50% points of the RF signal.
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11.34.6 Coaxial Cable to AUI Delay Characteristics. The MAU reeeiver timing and delnys
Jeseribed helow shall not be exceeded or traded off against any other delays in the system.

11.3.4.5.1 Received RF to Circuit DI Deolay. When there is ne collision in progress, the delay from

the end of the SFD In the received RF data signal at the conxial eable interface to the end of the SI'D on

srcuit 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 RE data signal (al the

coaxial cable interface) ig defined as the time at which the envelope of the carrier would pass through the
midpoint if the first bit fellowing the SFD was a zero and the scrambler disabled.
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Mo Collision Timing Diagram (Coax to AUI)

11.3.4.5.2 Received BF io CB RF Quiput and Cirenit CI Drelay. In the event that a collision is
detected via the bit-by-bit comparison, the delay from the end of the bit in which the eollision was detected,
as represented by the BRI signal, to the 50% peint on the rising edge of the collision enforcement signal
shall not exceed 34 bit times. The delay from the same point to the first transition of Circuit CI shall not
exceed 27 bil times. Circuit CI shall cease activity no more than 31 bit times after activity on the RF inter-
face (in both data channel and collision enforcement channel) ceases. See Fig 11-14 and Fig 11-15.

11.3.4.5.3 Collision Enforecement to Cirenit 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 o the
first transition of Cirenit CI shall be no more than 31 bit times. Circuit Cl shall be active for a minimum of
5 bit times and shall become inaclive within 31 bit times of the cessation of activity on the RIP coaxial eable
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 aftey the
ced_window signal becomus inactive (see (9) in 11.2.8.2), or if the MAU has transmitied an SQE Test
sequence, the MAU is to interpret the collision enforcement signal as an SQE Test signal. If the SQTE Test
sequence is correctly detected (that is, the tesi passes), then the delay from the last transition of Cirenit 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,
It a collision enforcement signal is received before the ced_windew signal becomes inactive, the MAU
shall interpret it as a collision enforcement and the timing of 11.8.4.5.3 shall apply.
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11.8.4.6 Delay from Circuld DO {o Cireuit DI The time delay from a bit on Cireuil DO at the AU
Interface to the corresponding bit on Girenit DI at the AU Interface is equal Lo the round trip dolay of the
MAU connected back-to-back with itselfl (that is, in RF loopback) plus the round trip delay through the
cable system at the location of the MAU, Therefore, the delay is a function of the location of the MAU on
the cable system. It is never less than the transmitter delny plus the posiamble length plus the time to
dotect logs 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 C'I during 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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11.3.4.8 Bit Ervor Rate. The MAU shall have a Bit Error Rate (BER) as measured at the AUT lower
thare one error in 10¥ in a “zero-length coax” test envirenment {that is, a conxial cabie connection
sufficiently short to have negligible delay and iransmission impairmenis). 1t shall have this BER for
voeeive signal levels in the range specified in 11.3.1.1.3 anad in the presence of 28,3 dBmV rms/14 MHz
white Gaussian noise. This represents a 24.3 dI3 signal-fo-noise ratio for the specified minimum signal
level, -4 dBmV rms. For the same BER in a “system” enviromment, (ag opposed to zero-length coax), a 26 dB
signal-to-noise ratio is required.
The MAU shall meet the BER requirements specified above when receiving sirings of up to 33 consecu-
tive identical bits.

11.3.5 Heliability. Component failuves within the MAU electronies should not impede eommunication
amonyg other MAUs on the brosdband coaxial cable, Conneetors and other passive componenis comprising
the means of connecting the MAU to the coaxial eable shall be designed to minimize the probability of total
network failure, The MAT shall be destgned to provide an MTBT of at least 1 000 000 howrs withoul caus-
ing communication failure amonp other stations attached to the broadband loeal network medivm,

14 System Considerations

i1.4.1 Delay Budget znd Metwork Diameter. The delay budget for the broadband MAU and rest of
the Physical Layer is {abulated in Table 11.4-1. This table includes allocations for (runk cables {the back-
bone cables in the systera), drop cables (a length of 25 m is assumed), ele. The velocities of propagation
assumed are included in the table; use of other {ypes of eables will alter the system diameter aceordingly,
The types of cables, including the mix of drop and trunk cable lengths, can be altered as long as the total
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propagation delay from the most distant MAU to the headend does not exceed 70 bit times, The total delay
budget of 76 bit times includes allowance for the preamble and SFD (64 bits),

Table 11.4-1 tabulates delay allocations for a dusi-cable system with no headend delay, In translated sin-
#le-cable systems, the beadend translator delay redueces the mazimum trunk cable distance by [DA2 =
V)], where D is the delay in nanoseconds, and CV ig the cable velocity in nanoseconds por meter, For
3.83 na/m velocity trunk cable, this reduction is {Delay (us}/ 7.66] m.

Pable .41
Broadhand Dual-Cable Systems-—-Physical Loyer Delay Budget

Mazimum
Delay Element Altowed Value
{Bits)
IYPIT starts to pul out first bit 0.00
Firat bit from DTEL at AU 3.00
AU Cable (50 1 nt 5.13 na/in} 257
Circait DO to T RIF Out 24,00
Tx Drop Cuble €25 m at 4.27 ne/m} 1.05
Tx Trunk Cable {1800 m af 3,83 ne/m) 8,95
Rx Trunk Cable (25 m at 4.27 ng/m) 68.95
Bx Drop Cable (25 m at 4.27 ng/m) 105
Trd of Bit Comparizon {last bit of source addrezs) 160.00
Rx RE (¢ Collision Enforcement RF Out (from RX bit that is found o be in 34.00
orror to collision enlorcement ouf)

e Drop Cable (25 mw ot 4.27 nafm) 1.05
Pz Trunk Cable {1800 m 5t 3.53 ne/m) G8.95
Rx Trunk Cable (1800 m at 3.53 ns/m} 66.95
Rx Drap Cable (26 m at 4.27 nafm} 1.05
R Collizion Enforcament to Cireuit Ci 31,00
AU Cable (60 m at .13 ns/m} 257
DTE1 Detects Collision Presence 300
DTEY Jams Channel 32,00
Allowance for Traps, Splitters, Amplifiers, and Margin 3.86

Total 576.00

11.4.2 MAY] Operstion with Packets Shorter then 512 Bits. The MAU itransmiis an SQE Test
sequence ontd the RF medium after every transmitted packet. If the frame plus preamble and SFD is less
than the ced_window in length, a recciving MAU cannot distinguish the SQE Test signal from z collision
enforcement signal due to a collision. Therefore, operation of the MAU with data {rames aborter than
512 bits may cause all other receiving MAUSs to see a collision. The transmitting MAU, however, recognizes
the SQE Test becouse that MAU was the one thai transmitted the test. An MAU transmitiing a short
packet that encounters a collision can distinguoish the resulting collision enforcement from an SQE Test sig-
nal by the fact that the transmitting MAU will not have transmitted the SQE Test sequence unless the
packet is shorter than the round trip delay on the cable plant. In the latter instance, the transmitting MAU
may not detect a collision enforcement.

11.5 Characteristics of the Coaxial Cable Sysiem. The cable system upon which the broadband MAU
operates shall meet the following electrical and mechanieal requirements.

11.5.1 Elecirical Requivements. The electrieal 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 Eystemn Electrical Reguirements

Inpedance Fiig e

Retorn Loy 144D min

Transinit Level +50 dBmV 22 dB
Recaive Level 46 dbmV 210 43
Maximum Receive Noise Level <30 dBmV/id Mtz
Logs Variation® (per 18 MHz band) 28 min, 52 d8 max

Path Loss thetveen any transmit port ond receive 36 dI3 min, 52 dB max
port, inchueding less variation)

Group Delay Variation
~-ayound data enrejer 20 naf/10 Mz ek
—ovir 18 MIEz band 4 ns max

* Mot including headend.

11.5.2 Mechanical Reguirements. The connection of the cable syatem to the broadband MAU is via a
standard IF-series screw-on male connector. For the dual-cable case, two such connectors are required: one
for transmit and the other for receive.

11.5.3 Belay Requivements. The maximum length of the cable system is constrained by the allowable
round {rip delay from the farthest transmitting MAU to the farthest receiving MAU. Table 11.4-1 allows
140 bit times round {rip delay in the cable system. For {runk cable propagation velocity of 3.83 ns/m, this
allows 3600 m of trunk cable {round trip; 1800 m from the farthest point to the headend), and 25 m of
4.27 ns/m velocity drop cable at each MAU. In addition, 50 m of AUT cable is allowed on each MAU, there-
fore allowing, in this case, a maximum of 3750 m DTE 1o DTE separation. These lengths will be different if
cables of different propagation velocity are used. This is acceptable so long as the maximum delay is not
exceeded.

FFor single-cable systems, the maximum delay of 140 hit times includes the delay through the headend.
The maximum cable system length must be reduced appropriately, as described in 11.4.1.

i1.8 Frequency Translaior Beguirements for the Single-Cable Version

11.6.1 Electrical Requirements. The headend frequency iransiator performance is included in the
cable system characteristics specified in 11.5, except as defined in Table 11.6-1.

Table 13.6-1
Froquency Transiator Reguirements

Group Delsy Variation
——arsund data carrier frequency 20 ns/10 MHz max
—-between data carrier and CF center frequenay A0 ng max

Amplitude Variastion (from 6 M1z below the input  2dB max
data earrier frequency to 1 MHz above the I
center frequency)

Transiation Freguency per Table 11.3-1

The frequency translator contributes Lo Lotal 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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11L.6.2 Mechrnical Reguivements, The inpul and ovtput inechanical interfnee shall be 75 02 fomale I
series conxial conneclors, The conneclion Lo the beeadband medium shall be through a coaginl cible with g
mating male F-series connector.

1.7 Bnvironmental Specifieations

11.7.1 Batfety Heguirements, This subseclion sots forth 2 number of recommendations and poidelines
related to safety concerns. This Hat is neither complete nor does it address all possible safety issues, The
desigmer iz urged to consult the velevani local, nadional, and internatiena! safely regulations to assure
complianee with the appropriate standards.

Local area network cable systems, as described in this seetion, are subject to at least fnir divect clectrienl
safety hazords during their nse, and designers of connecting equipment should be aware of these hazards,
The hoazards are as follows:

(1} Direct contact between local network components and power or lighitng cireuits

(2) Static charge buildup on local network eables and components

(3) High-energy transients coupled onto the local network cabling system

(4) Potential differences between safety grounds to which various network components are connected

These electrieal safety hazards, to which all similar cabling systems are subject, should be alleviated for
a local network to perform properly. In addition fo provisions for properiy handling these faslts in an oper-
ational syatem, special measures shall be taken to ensure that the intended safety features are not negated
when attaching or detaching equipment from the local area network mediom of an existing network.

Sound installation praclice, as defined in applicable national and loeal codes and regulations, shall be
followed in every instance in which such practice is applicable.

11.7.2 Electromagnetic Environment
11.7.2.1 Busceptibility Levels, Sources of interference from the environment include eleciremapnetic
fields, electrostatic discharge, transient voltages between earth connections, ete,

The phystcal MAU hardware shall meet its specifications when operating in an ambient plane wave field
oft

(1) 2V/m from 10 kHz through 30 MHz
(2) 5 Vim from 30 MIHz through 1 Giz

MAUs meeting this section should provide adequate RIF ground return to satisly the BMC specification.

11.7.2.2 Emission Levels, The physical MAU hardware shall comply with the applicable national and
Iocal regulations for emission levels.

11.7.8 Temperature and Humidity. The MAU and sssociated cable system are expected to operate over
a reasonable range of envirenmental conditions related to temperatuve, humidity, and physical handling
such as shock and vibration. Specific reguirements and values for these parameters are considered to be
beyond the scope of this standard.
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12, Physical Bignaling, Medium Altachment, and Basehand
Medium Specifications, Type IBASES

i2.1 Introduetion

12.1.1 Overview. 1BASED is a 1 Mb/s CSMA/CD network based on twisted paiv wiring. Each DTE (Data
Terminal liquipment} is star-connecled to a shaved hub through {wo pairs that function as transmit and
receive channels. Hubsg can be caseaded, and DTEs can be connected to any hub. Packets transmitied by a
DTE are propagated by the hub to a higher-level hub if one exists; otherwise the hub broadeasts the packet
back down to all DTEs and lower-level hubs, Packets received by a hub from a higher-level hub ave retrans.
mitfed to all attached DTEs and lower-level hubs, I two ar more DTEs or lower-level hubs transmit con-
currently, the hub generates a collision-presence signal that the DTEs detect ag a eollision. Hubs between a
transmitting DTE and the header (highest level) hub propagate data or the collision-presence signal to the
header hub; this hiub in turn broadeasts the packet or collision signal to all DTEs and lower-level hubs.

12.1.2 Scope. The IBASES specification builds upon the first six major sections of this standard; the
remaining major sections {other thau this one, of course) do not apply to 1BASES, That is. the Media
Access Control (MAC) and Physical Signaling (PLS) Service Specifieations are used in common with the
ather implementations of this standard, but the Physical Medium Altachment (PMA) sublayer, transmis-
sion meditm, and hub functions for Type 1BASES are specified in this section. The relationship of the
IBASES specification to the OSI Refevence Model and the IBER 802.3 CSMA/CD LAN Model is shown in
Fig 12-1.

i2.1.3 Definitions

bit cell. The time interval used for the transmission of a single data (CD0 or CD1) ur control (CVI or CVL}
symbol.

bit rate (BR) The rate of data throughput on the medium n b/s or Hz, whichever is more apprapriate to
the conlext). See 12.3.2.4.1,

bit time (BT). The duration (of transmission) of ona bit symbal (bit cell) {1/BR). See 12.3.2.4.1,
carrier sense. In a loeal area nefwork, an ongoing activity of a data station to detect whether another sta-
tion 18 transmitting, Note that the signal provided by the PLS to the PMA sublayer indicates that ene or

more DTEs are currently transmiiting,

Clocled Bata One (CD1). A Manchestier encoded data “1.” A CD1 is encoded as a 1O for the first half of
the bit cell and a I for the second hall of the bif ceil,

Cloclked Data Zero (CDO). A Manchester encoded data ¥0.” A CDO is encoded ns a HI for the first hall of
the bit cell and a L0 for the second half of the bit cell.

Clocked Violation HI (CVH). A symbol that deliberately violates Manchester encoding rules, used as
part of the Collision Presence signal. A CVH is encoded as a transition from LO to HI at the beginning of
the bit cell, HI for the entire bit celi, and a transition from HI to LO at the end of the bit cell.
Clocked Violation LO (CVL). A symbol that deliberately violates Manchester encoding rules, used as
part of the Callision Presence signal. A CVL is encoded s a {ransition from H1 to LO at the heginning of
the bit cell, LO 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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Sollision Presence (CP). The non-Manchester signal generated by hubs o report collisions and sane
error conditions. See 12.3.2.4.3 for details,
header hub (EH), The highest-level hab in a hierarchy of hubs, The HII broadeasts signals transmitted

to it by Iower-level hubs or DTEs, such that they can be received by all DTEs that may be connected to if,
either directly or through intermediate hubs. Sce 12.2.1 for details.

hub, A device used Lo provide connectivity between DTEs. Hubs perform the hasie functions of restoring
signal amplitude and timing, colliston detection nnd notification, nnd signal broadeast to lower-fevel hubs
and DTEs,

idle (AL A signal condition where no transition eceurs on the fransmission line. I is used to define the
time between packets. See 12.3.2.4.4 for details,

intermediate hub (IH). A hub that oceupies any level below the header hub in a hierarchy of hubs. Sce
12.2.1 for details.
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Jabber Funetion. A mechanism for controlling abnormally long iransminsions,

g,peci;;‘l link (81.). A transmission system Lhat replaces the normal medivum. See 12.4 for doetails.
12.1.4 General Characteristics. Type 1BASES has the following peneral characteristios:

(1) 1 Mb/s signaling rate, Manchester encodoed

(2) Twisted pair wiring

3) Point-to-point interconnection of DTEs to hubs, with one twisted paiy serving as the upward link,
the other as the dewnward link

(4} Dala pairs can coexist in the same telephone cable bimdles as voice pairs

{5} When a hub receives signals from a DTE or lower-level hals, it propagates them to a higher-level
hub if me exists; otherwise, the hub broadeasts the signais back down to the DTEg and lower-tevel
hubsg

{6) When a hub receives gignals concurrently from tweo or more DTEs or lower-level hubs, it generates a
unique collision presence signal, and distributes it as in (5) above

(7) DTE-to-hub and hub-to-hub interfaces are electrically isolated ol both ends

(8) Up to five hub levels are allowed

(99 Hubs gerve as repeaters

(10) Maximum DTE-to-huly and hub-to-hub distance is approximately 250 m for telephone wiring (cable-
type dependent; see 12.7)

(11) Special links may be used to extend some DTE-to-hub or hub-lo-hub distances to 4 km

12.1.5 Compatibility. This specification calls out one principal compatibility interface, namely PMA-to-
Medium, It is intended that different implementations of DTEs and hubs be able {o interoperate in
1BASES networks.

12.1.6 Objectives of Type 1BASES Spocification

(1} Provide for low-cost networks, as related Lo both equipment and cabling

(2) Make it possible fo use telephone-type building wiring, and in particular spare wiring when
available

{3} Provide for easy instailability, reconfipurability, and service

(4) Bnsure interconnectability of independenily developed DTEs and hubs

(5) Ensure fairness of DTE access

{6) Provide a communication channel with a resultant mean bit crror rate, at the physical layer service
interface, of less than ane part in 10% (on the order of one part in 10% at the link level)

12.2 Avchitecture

12.%,1 Major Concepts. Type 1BASES is a 1 Mb/s CSMA/CD network. DTEs are connected o hubs (and
hubs o other hubs) by point-to-point wiring, resuliing in a star topology nelwork, Data transmissions are
Manchester encoded.

An elementary configuration is ilustrated in Fig 12-2. In this instance, each DTE is connected to the hub

via separate transmit and receive chanmels (normally two fwisted paivs). The hub serves as the point of

concentration and performs two major funetions: signa! regeneralion/retiming (repeating) and collision
detection. When only one DTE transmits, the hub repeais the signals, compensating for amplitude and
phase distortion, and broadeasts to all DTEs. When a hub detects two or piore DTEs {ransmitling concur-
rently, the hub generates a unigue Collision Presence (CP) signal, which it broadeasts instead of the origi-
nally transmitted signals. The hub continues to send CP uniil it receives IDL from all lower-level DTEs.
CP has the property that it can be detected by DTEs as a Manchesier code violalion.

The interconnection architeeture does not imply any minimum, typical, or maximum number of DTEs to
be connected to a given hub; this is an implementation or instatlation detail.

Up to five levels of hubs may be cascaded. A two-level configuration is iHustrated in Fig 123, with a head-
er hub (HH) and intermediate hubs (IH). There can be a number of {Hs; there must be ene and only one HEHL
ach DTE or IH is connecled to 2 hub via separate transmit and receive channels (normally two twisted

pairs). An ITI propagates signals from its DTEs toward the HI; it sends CP toward the ITH in the event of
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DTEs
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Fig 18-2

Networlk with Two Levels of Hubs

a collision. The HIH repeats the signals it receives from DTEs or IHs hack down to ail DTEs and 1Hs. The
HH generates CP if more than one of its inputs becomes active. The [Hs repeat the sipnals received from
the HIT, and broadeast to all the connected DTEg 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 morve than one is aclive, it generates CP,

A configuration involving four hub levels and a special link is illusirated in Fig 12-4. In this example, ona
IH is used {for simple vepeating (one connection upward and onc connection dowiward), Other than having
one link in and one Hnk out, repeaters are identieal to other Lubs. Special links are connections, pogsibly
containing active devices, that are used for siluations requiring extra propagation delay or special transmisg-
sion media.
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Mebwork with Four Levels of Hubsg
12,2.2 Application Perspeciive. The primary application area for type 1BASES is expected {o he in
affice environments for networking DTIEs such as personal computers or other workstations, In many
enses, spare wiring contained in existing telephone wire bundles will be used.
12.2.3 Paclket Structure. Packets are transmitted {rom the PLS to the PMA as follows:

<gilence> <preambles <sfd> <data> <etds «silence>

The packet elements shall have the following characteristics:

Elemeni Characteristics

«silence> No transitions

<preamble> Alternating CDi and CDO for 26 bit times (ending in CDO}
<sfd> CD1 CDo CD1 CDO CD1 CDo CD1 CD1

<data> 8 » N instances of CD or CD1

<etds> 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 aceur, The minimuwn duration of <etd> followed by <silence> is the
interFrameGap defined in 4:4.2.2,

i
J
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12.2.3.2 Preamble, The «preamble> delimiter beging o packet transmission and provides o signal for
receiver synehronization. The signal shall be an alternating pattern of CD1 and CDO. This patiern shall he
transmiifed hy the DTE for a minimum of 56 it times al 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 requirad to supply at least 56 bits of preamble in ovder to satisfy system requirements, System
components congunie preambie bils in order Lo porform their functions. The nunber of presmbie bits
sourced ensures an adeguate number of bits are provided to cach sysicm component to corvectly implemant,
its function.

12.2.3.8 Btart-offerame Delimiter. The <sfds indicales the starl of a frame, and follows the
preamble.

12.2.8.4 Data. The <dala> in a transmission shall be in multiples of ¢ight {8) encoded data biis (C1)0s
and CD1s),

12.2.5.5 Bodeof-Transmission Delimiter, The <eld> indieates the end of a iransmission and serves
to turn off the transmitter. The signal shall be the first part of an IDL.

12.3 DTE Physical Signaling (PLE) Specification

12.3.1 Gverview. This zection defines lopical characteristics of the DTE PLS sublayer for IBASES. The
relationship of this specification to the entire standard Is shown in Fig 12-5. The sublayer and its relation-
ship Lo the MAC and PMA sublayers are described in an abstraet way and do not imply any particular
implementation,

12,3.1.1 Swmmary of Major Concepis

(1) There are two channels between the PLS and PMA sublayers. Output data arve passed through the
output channel and input data and control {CP) are passed through the input channel.

{2) Each direction of data transfer through the PLS operates independently and simultancously (that
is, the PLS is full duplex).

12.3.1.2 Application Perspective. The DTE PLS sublayer performs the following functions:

(1) Encodes OUYTPUT_UNITs from the MAC sublayer into a Manchester encoded waveform that it
sends to the PMA sublayer output circuit

(2) Decodes a Manchester encoded wavefori from ihe PMA sublayer input cireuit into INPUT _UNITS,
CARRIER_STATUS, and SIGNAL_STATUS

12.3.2 Funetional Specifieation. Thig 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 terms are defined in the service specification for the PLS sublayer (see 6.3),

12.3.2,1 PLE-PMA Interface. The PLS and PMA communicate by means of the following messages:

Message Meaning Source
outpul Outpul information PLS
outpui_idle N data to be oniput PLS
input Input information PMA
input_idle No inpul information PMA

12.2.2.1.1 onfput Message. The PLS sublayer sends an onipui message to the PMA sublayer when

the PLS sublayer receives ann QUTPUT_UNIT {rom the MAC sublayer,
The physical realization of the ouipur message is a CDO or a CD1 sent by the PLS to the PMA. The PLS
sends o 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 net completed until one hit time later.
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The output message cannot be sent again until the bit ¢oll being sent as a result of sending the previons

outpui message is complete.

12.3.2.1.2 outpret_idle Message, The PLS sublayer sends an ouipri_idle message to the PMA sub-
layer at all times when the MAC sublayer is not in the process of transferving output data across the MAC
to PLS interface. The outpui_idle message is no longer sent (and the first OUTPUT_UNIT is gent using the
eutpui message) when the first QUTPUT_UNIT of a packet is received from the MAC sublayer. The out-
put_idie message is apain sent to the PMA when DATA_COMPLETE is reccived from the MAC sublayer.

The physical realization of the oudput_idie message is I1DL sent by the PLS {o the PMA.

12.3.2.3.3 inprt Megsage. The PMA sublayer sends an input message Lo the PLS sublayer when the
PMA has received a bit from.the medium and is prepared to transfor this bit to the PLS,
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The physical realization of the inpuf message consists of date units, CDO, €D, GV, or OV, derived
from the incoming data stream. If ambigoeity exists due tu excessive noise or jitler, the PMA may send an
arbiltrary eombination of these.

123244 input_idie Message., The PMA sublaywr sends an dnpud_idfe message Lo the PLS sub-
layer when the PMA sublayer does not have data to send to the PLS sublaver. This condition exists when

careier g logt or IDL i3 received,

12.3.2.2 PLS-RMAC Interface. The PLS and MAC communicate by means of the {olowing raessapges:

Message Meaning Souree
OUTPUT _UNIT Dala sent to the PMA MAC
QUTPUT_STATUS Response to OUTPUT_UNIT PL8
INPUT_UNIT Data received from ithe PMA PLS
CARRIER_STATUS  Indication of input activity PLS
SIGNAL_STATUS Indication of exror/io error condition PLS

12.8.2.2.1 QUTPUT_UMIT. The MAC sublayer sends the PLS sublayer an OUTPUT_UNIT every
time the MAC sublayer has a bil to send. Onee the MAC sublayer has sent an QUTPUT _UNIT to the PLS
sublayer, it may not send another QUTPUT_UNIT until it hag received an OUTPUT_STATUS megsage
from the PL3 sublayer. The QOUTPUT_UNIT is a ONE if the MAC sublayer wants the PLS sublayer to send
a CD1 10 the PMA sublayer, o ZERO #f a CIIQ is desired, or a DATA_COMPLETE if an 1DL is desired.

12.3.2.2.2 OUTPUT _STATUS. The PLS sublayer sends the MAC sublayer an QUTPUT _STATUS in
response to every OUTPUT_UNIT received by the PLS sublayer, QUTPUT STATUS sent is un
QUTPUT_NEXT when the PLS sublayer is veady to aceept the next QUTPUT_UNIT from the MAC sub-
layer. (The purpose of QUTPUT_STATUS is to synchronize the MAC sublayer data ontput with the data
rate of the physical medium.)

12.3.2.2.3 INPUT_UNIT. The PLS sublayer sends the MAC sublayer an INPUT_UNIT every time
the PLS receives an input message from the PMA sublayer. The INPUT_UNIT is a ONE if the PLS sub-
layer receives a CDH from the PMA sublayer or a ZERO if the PLS sublayer receives a CD0O from the PMA
sublayer, The INPUT_UNIT may be either ZERO or ONE if the PLS sublayer receives a CVL or CYH from
the PLMA sublayer.

12.3.2.2.4 CARRIER_STATUS. The PLS sublayer sends the MAC sublayer CARRIER_STATUS
whenever there is a change in carrier status, as detected by the PMA. The PLS sublayer sends
CARRIER ON when it receives an input message from the PMA and the previeus CARRIER_STATUS that
the PLS sublayer sent to the MAC sublayer was CARRIER_QFF, The PLS sublayer sends CARRIER_OIF
when it reeeives 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.

12.3.2.2.5 SIGNAL_BTATUS. The PLS sublayer sends the MAC sublayer SIGNAL_STATUS when-
ever it detects the beginning or end of Collision Presence. The PLS sublayer sends SIGNAL_ERROR when
it receives inpuf message CVL or CVH from the PMA sublayer and the previous SIGNAL_STATUS the
PLE sublayer sent was NO_SIGNAL_ERROR. The PLS sublayer sends NO_SIGNAL_ERROR when it
receivas an fupuet_idle message from the PMA sublayer and the previous SIGNAL_STATUS thal. the PLS
sent to the MAC sublayer was SIGNAL_ERROR. The PLS shall send SIGNAL_ERROR to the MAC sub-
inyer when the Collision Presence paticrn is detected; it may send SIGNAL_ERROR any time it receives
an input message that is neither CNDO nor CDL.

12.3.2.3 PLY Functions, The PLS sublayer functions consist of four simuttancous and asynchronous
functions. These functions are Qutput, Input, Error Sense, and Carrier Sense, All of the four functions are
started immediately following PowerOn. These functions ave 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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12.2.2.2.1 Btate Diagram Variables. The variables used in the state diagrams and the corvespond-
ing desceriptions are the following:

(1) Inter Process Flags
Y

disable_SIGNAL_IRROR Used in the state diagrams and funclions, I is used by the Input Fune-
tion to preveni fulse collision detection by the Error Sense Function dur-
ing preambie startup,

profectPimer Used by the Carrier Sense Funetion to implement the protection period
described in 125323, It iz started by “slart-protectTimer”

“protectTimer_done” is salisfied when the timer bas expired.

12.8,2.2.2 Guiput Funetion. The Outpul Fonction transparently performos the iask of data transfor
from the MAC sublayer to the PMA sublayer. The state diagram of Fig 12-6 depicts the Output Function
oporation,

12.3.2.3.83 Input Fonction. The Input Function transparently performs the task of data transfer ;
from the PMA sublayer to the MAC sublayer. The state diagram of Pig 12-7 depicis the Inpui FPunction ;
operalion.

12.3.2.3.4 Brror Sense Function. The Error Sense Punction performs the task of sending
SIGNAL_STATUS to the MAC sublaycr at the beginning and end of the Collision Presence pattern. The
state diagram of Fig 12-8 depicts the Error Sense Funciion operation,

12.3.2.3.0 Carrier Sense Function. The Carrier Sense Function performs the tagk of sending
CARRIER _STATUS to the MAC sublayer whenever the input becomes active or idle, as detected by the
PMA subilayer. The state diagram of Fig 12-9 depicts the Carrier Sense Funclion operation.
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A timer may be used by the Carrier Sense Function Lo implement the protection period deseribed in
12,5.3.2.3, 1L is started by “start-protectTimer” and asserts “protectTimer_done” after 0 to 30 g5 since
starting.

12.3.2.4 Signal Encoding. Five distinet symbols can be transmitted on the line: CDO, CD1, CVL,
CVH, and IDL. Of these, CVL and CVH are transmitted only as part of the collision presence reporting
pattern CP,

12.3.2.4.1 Data Troansmission Rale, The data transmission rate (BRI is 1 Mb/s + 0.01%. A bit time
{BT) is therefore nominally 1 pus.

12.3.2.4.2 Data Symbol Encoding, Manchester encoding is used for the transmission of packets.
Manchester enceding is a binary signaling mechanism that combines data and clock into hit cells. lach bit
cell is split into two halves with the second half containing the binary inverse of the first half; & transition
always veours in the middle of each bit eell. During the first half of the bit eell, the eneoded signal is the log-
ical complement of the bit value being encoded. During the second hall of the bit vell, the encoded simmal is
the uncomplemented value of the bit being encoded. Thus, o CDO is encoded as a bit eell in which the first
halfis I and the second half'is LO. A CD1 is encoded as a bit cell in which the first half is 1,0 and the sec-
ond half is HI. Examples of Manchester waveforms are shown in Fig 12-10. The zero crossings of an ideal
Manchester waveform occur on precise halfbit-cell boundaries. The zero cressings of real wavelorms may
include timing jitter that causes deviation from these “idealized zovo crossings.”

12.3.2.4.8 Collision Presence Encoding. Two sipnals, CVL and CVH, that are transmitted only as
part of the cellision 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 te 11 at the beginning
of the bit cell, HI for the entire bit cell, and transition {rom 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 bil cell.

The Cellision 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, 172 bit tivae HI, 1 bit
time LO, 1 bittime HI, 1/2 bittime LO, and I bit time HY This may also be interpreted as ropetitions of the
five-symbol sequence CVL, CDG, CD1, CDO, CVIL Should a transmitter’s or receiver's tiniing be shifted by
1/2 bit time, then the same sequence will be interpretable as repetitions of CD1, VL, CVH, CD1, CHO. In

cither case, the presence of non-Manchester symbols distinguishes the sequence from data. Examples of
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Fig 12-16
Examples of Manchester Waveforms

Collision Presence waveforms are shown in Fig 12-11. See 12.3.2.2.5 and 12.4.3.2 for further delails on the

detection and generation of CP.

NOTE: CP is the minimal length soquence thal meots the following design eriteria:

(1) The sequence should net look like lepitimate Manchester-encoded daty even i the receiver doss net lock onto the vorreet bit-

cell boundaries,

{2)  The sequence should mainiain overall de balance. That is, 1t should be HI 50% of the time and LO the other 507,

{3)  The signal should oceuny the same par( of the frequency spectrum as normal data. ‘Thiat is, trangitions should ccour every half
or whole bit thne 2o that the fundamental signaling frequencies of BR/2 and BR are mainlained, Furthermore, allowing more
then one bit time te pass without a transition woeuld intraduce ambipuity with Lhe idle line condition (1DL).

ONE 81T TIME
S—— [

Y N

Y et |

. g 12-11
‘E?:amples of Collision Presence Woaveforms
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12.9.2,4.4 Idle Line Eneoding. The line condition [DL iz also veed as an enceded signal. Ap 1DL
Iways starts with o HI sipnal level, Since DL always starts with a HI signal, un addilienal bansition will
ke added o the data streom if the last bit sent was a zevo, This transiiion cannot be confuged with clacked
.
f

a
data (CDO or UD 1) since the transition will veeur al ihe start of a bit call. There will be po fransttion in the
middle of the bit cell. The HI signal level, as sent by » transmitter, shall be mointuined for a munimum o

9 bit times,

12,4 Hub Specification
12.4.1 Overview. This section defines the logical cliarneteristics of the lub used in 1BASES. The vela

tionship of this speciiicalion Lo the entire standard is shown in Iig 12-12.
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Fig12-12
Hub Relationship to the O81 Heference Model
and the IBEE 8024 CSMA/CD LAN Model

12.4.1.1 Snmmary of Major Concents

(1)
(2}
This PMA 18 not required for the header hub.

(3)
DTE or a lower-level hub.

A hnb consists of a Hub PLE sublayer and a sumber of instances of the PMA sublaver.
One instance of the PMA sublayer, the “vpper PMA,” provides a connection to a higher-tevel hub.

s
Each of the remaining instances of the PMA sulbilayer, called “port PMAs,” provides a connection toa
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(4} The Hub PLS {ransfers data in two directions: upward {rom the port PMAs, to the upper PMA and
downward from the upper PMA to the port PMAs,
{6) The upward and downward “sides” of the hub aperate independently and simultaneousiy,

12.4.1.2 Application Perspective. The hub iz a physical layer entity that performs two functions:

(1) [t retransmifs incoming signals with amplitude and timing vestorad.
(2} It detects collisions between any two or more ports and reports knowledge of the collision by trans-
mitting a special collision presence reporting pattern.

12.4.2 Hub Structure. Each hub is functionally divided into two parts: the upward side and the down-
ward side. The upward side is responsible for combining the transmissions from DD'TEs and hubs lower in
the network into a single transmission lo 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} to cach of ihe
DTEs and hubs below. Except as specified in 12.4.3,2.3 and 12.4.2.6, the two sides funclion independently.

There is an upward input channel and a corresponding downward cutput channel for each ITE or hub
immediately below the hub, Although there is no clectrical connection hetween the fwo lines, they do share
@ connector and cable (sce 12.6 and 12.7) and are collectively known as a hub port, Bach port is secessed
through an instance of the PMA sublayer referred to as a “port PMA”

The one eutput channel from the upward side and the one input channel to the downward side of a hub
are similarly paired and, for all but the beader hub, are connected to a port of the next-higher-level hub,
They are accessed through an instance of the PMA sublayer referred to as the “upper PMA”

NOTE: A hul that includes o hub ports should be ealled an neport huly, cven Lhousgh it moy have an exira jock for the upper PMA, The

latter conneelion should never be counted as a port, despile commen enginearing usage, beeause it does not meet the: specific defini-
tion of n 10BASES hub port given above.

12.4.2.1 Upward Side. The primary function of ihe upward side of a bub Is lo propagate signals from
each of its inputs to its single ontput. I more than one input is active, then the Collision Presence signal
CP is transmitted instead, In addition, the signals are retimed te restore the transitions to half~bit-time
boundaries; see 12.4.3.2.5 for the details of vetiming.

12.4.2.2 Dovwnward Side. The primary function of the downward side of a hub iz to vepeal signals
{rom its one input te each of its outputs. 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.

12.4.3 Hub PLS Functional Specification. This section provides a detailed model for the ITub PLS
sublayer.

12.4.3.1 Hub PLS to PMA Inlerface. 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 ontpuf message
from the Hub PLS to the PMA is used to transmit CVL and CVH in addition to CD0 and CD1.

12.4.3.2 Hub PLS Funetions. The Hub PLS sublayer functions consist of three asynehronous func-
tions. These functions are Upward Transfer, Jabber, and Downward Transfer. All three functions are
started immediately lollowing PowerOn; an independent copy of the Jabber function is started for each
port PMA. These functions are depicted in the sfate diagrams shown in Fig 12-13 through Fig 12-15, using
the notation described in 1.2.1,

12.4.3.2.1 Staic Diagram Variables, The variables used in the state diagrams and the correspond-
ing descriptions are the following:

(1) Port Designafors: Instances. of the PMA sublayer are veferred 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 fanction,

222

HPE 1022-0217



O8MACD

UPPER
ALLPORTE

ALLENABLEDPORTS

ONEPORT

>ONEPORT

(2) Pori Functions:

PORT(TestCondition)

{3Y Input Variables:

INPUTEO

input(X)

probation_alternative

(4)  Quiput Variables:

outputlX)

outpul_idle(X)

(5Y Inter Process Flags:

send_collision

jabber_collision

disable_tnput(X)

Indicates the upper PMA.

indicates that all purt PMAs ave to be considesed. Al port PR As nsust moet,
a test condition in order for that fest to pass,

Indientes that all port PMAs that are not disabled by the Jabber Fuenction
are to be considered. All such port PMAe must meet a test condition in order
for that test {o 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.

Indicates that all port PMAs that are not disabled by the Jabber Funclion
are te be considered. Two or more such port PMAs must meet a test condi-
tion in order {or that test Lo pass.

Defined by the PORT function on exiting from the UPWARD IDLE state of
Pig 1218, It indicates which port PMA eaused the exit from the UPWARD
IDLE state.

Returns the index of a port, PMA passing the indicated {est condition. If mul-
tiple pert PMAs meet the test condition, the PORT function wilt return one
and only one of the acceptable values,

Indicates the state of activity on the designated PMA inpui channel, 1t may
be either “idle” or “active.” The former indicates thal inpuf_idle is asserted;
the latter indicates that it is not asserted,

Used to recetve an input messagre (see 12.3.2.1) from the designated PMA
inputl channel.

Used to distinguish between the two allowed alternatives for exiting the
JABBER JAM state of Fig 12-14 when an active port becomes idle. The
implementor of a hub may treat the variable as either true or false.

Used Lo send an output message (see 12.3.2.1 and 12.4.3.1) {o the designaled
PMA output channel,

Used to send an outpnt_idle message (sec 12.3.2.1) on the designated PMA
output channel.

Used by the Upward Signal Transfer Funetion to indicate a series of output
messages to the upper PMA sublayer, the efiect of which ig to Lransmnit 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 sipnal 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 alfected by the disabling of a port (via the ALLENABLED-
PORTS, ONEPORT, and >ONEPORT designators).
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jobbeyTimel Used by the Jabber Foncilon (see 12,4.3 2.0 Lo delee

@

inisgions, 1t is started by “stovt_jobho e SobberTimet, dose” is

4
fied when the thner has expired.

jabberfime2 Used Ly the Jabber Punclion (see 1248.2.3) (0 defermine when o disable
purls  due o excessively long  lransmissions. L s sbwrled by
“start_jabberTime2.” “jabbarTime2 done” is suiisfied when the timer has
expirved.

12.4.3.2.2 Upward Bignal Transfer Funetion, The Upward Signal Transfer Punction combies
sigmals from the various port inputs and passes them on to ihe upper cutput. It also detecls and repords
eoliisions as appropriale, The state diagram of Fig 12-13 depicts its operation.

Powardn
&

UPWARD 1DLE

= output__idle {UPPER)

INPUT(ONEPORT) = activa HNPUT( > ONEPORT) = active
AN=FORTINPUT =acilve)]

UPWARD ACTIVE

= putput{UFPER)=input{hl)

INPUT{N)=idlo INPUT(> ONEPORT) = active
“fabber....collision + jabber__collision
é_ 3
Z

UPWARD COLLISION

= send_ collision

INPUTALLENABLEDPORTS) = Edic_:
“labbar__collision

Fig 1213
Hub PLE Upward Transfer Function

Signals are propagated upward according to the following rules, except as conirolled by the dabber Pune.
tion (see 12.4.3.2.3)

(1} IfIDL is present on all port inputs, then tranamii 100,

(2) I1IDL is present on all but one of the port inputs, then repeat the signsl received from that one Hine,
If that one signal is CP, then a hub may generate its own CP signal instead of repeating the received
CP signal.

(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 ihen transmit IDE, including the extended 11
period,
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19.4,3.2.% Jabber Founetion. The Jabber Ponction detects abnormally long imnamissiens and tikes
appropriate action to abort them. The state dingram of T 192214 depiets s operation.

PowearOn

&

JABBER IDLE

INPUTUK) =sctive

JABBER WATCH

= glart__jabbefTiet
e siart__jabbefMime?

INPUTE ) =idle g jabbeimel o done”INPUT (X} =active

JABBER JAM

& fabber _collision

picbation_alicmaiive {(abbelime? __done+INPUTILIPPER)=idla)
IRNPUTEX)=idle IMPUT(X)= activi)
L+ (probation . _alternativa INPU T = udls)

JABBER SHUTOFF

¢ chisable _ input{X)

&)

INPUT(X)=active" INPUT(UPPER)=active ? L INPUT(R) =01
JABBER PROBATION

= disable _inpul{X)

i INPUTE) = active TNPU TIUPPER) =idle

Fig 12.14
Hub PLE Jabber Function for Port X

Two thmers ave vsed by the Jabber Punction. They may be implemented ecither as local timers fur each
instance of the Jabber Function or as global timers shared hy all nstances. Furthermore, because the two
timers are always started concurrenily, an implementation may share circuitey between the twao,

The firgt timer is started by “start_jabberTimel” and asserts “jabberTimel_done” after 25 to 50 ms since
gtarting. If implemented ns a single global timer, assertion of slari, jabberTimel by any insinnce of the
Jabber Function witl any other instance(s) still waiting for that Gmer shall not restart the timer, thereby
shoriening the waiting period for the latest instaneo.

Similarly, the second timer is started hy “start_jabberThme2” and asserts “jabbeyTime? done” after 51 1o
100 ms since starting. If implemented as a single global timer, assertion of start jabberTime2 by any
instance of the Jabber Funciion with any other instance(s) still waiting for that timer shall not restart the
timer, thereby shortening the waiting peried for the latest instance, Furthermore, if this second timer is
implemented as a single global timer, then assertion of start_jabherTimel by any instance of the Jabber
Function with any other instance(s) slill waiting for just the second timer (in the JABRER JAM state) shall
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be treated as if the firsl Umer expires immediately (assevting jabberTime ] _done) for the latest instance,
thereby causing that instance to join the other instance(s) waiting for ihe second timoer,

Hardware within the vpward side of & hub shall provide o window of 25 to 50 ms, during which Lime a
normal packet or CP sequence may be propagated upward. If any port input (o, as an aliernative imyple.
mentation, the hub’s combined upward signal) exceeds this duration without becoming idle, then the hub
shall switeh o transmitting CP until 51 to 100 ms after the beginning of the window and then, if that inpuat
is stiil active, disable that input (or all nonidle inputs) until it ence again becomes active while the down-
ward side is idle.

The “probation_alternative” input variable is used to distinguizh hetween the two allowed alternatives
for exiting the JABBER JAM siate of Fig 12-14 when an active port becomes idle. The implementor of a
hwub may treal the varviable as either {rue or false. If true, the port will enter the JABRER PROBATION
state (via the JARBER SHUTOTFF state}; if false, the port will instead return to the JABBER IDLE state.

12.4.3.2.4 Bownward SBignal Transtfer Function. The Downward Signal Funciion repeats signals
from the upper input to the various port outputs. The state diagram of Fig 12-15 depicts ils operation.

PowgiOn

£ DOWNWARD IDLE

¢ outpul.__idle{ALLPORTS})

INPUT{UPPER)=active

’
DOWNWARD ACTIVE

¢ uIpU{ALLPORTS) = input{UPRER)

E INPUT(UPFER)=idte

Pig 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 iis
own CP signal to be transmitted at the port outputs (in place of repeating the received CP signal).

Whenever the hub finishes transmitiing CT, it shall then {ransmit 1IDL, including the extended HI
periad,

12.4.3.2.5 Retiming (Jitter Bemoval), Bach side of each hub shall retime any clocked signals that
it propagates so that the transitions occur on half-bit-time boundaries, thereby avoiding accumulation of
excessive jitter. Such retiming shall preserve the sequence of CDO, CD1, CVL, and CVH symbols being
propagated.

If an ambiguity exists in the incoming bit cells due to excessive noise or jitter, than the appropriate side
of the hub may either switel to generating CP or replace the ervoneous bit cell with an arbitrary combina-
tion of half or whole bit eells.

Retiming also accounts for differences (if any) in clock rates between that used to send hit cells to the hub
and that used to send them out from the hub. Exvessive differences in clock raies (caused by clocks not
meeting 12.3.2.4.1) and excessively Jong packets (caused by exceeding maxFrameSize) may each cause the
capacily of the retiming funetion to be exceeded. In such cireumstances, the appropriate side of the hub
may ecither switch to transmitting CP or add or delete half or whole bi cells as needed.
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Whenever bit colls are added, deletod, or replaced, the hub shall maintain synchronization of the ontpo-
ing bit cells to a half or whole bit cell boundary, Forthermore, it shall nol generate periods of nmove than one
hit Lime without a transition,

12.4.2.2.8 Header Hub Wrap-Arvound. For each particulur netwoik confipuration, one hub aper-
ates as the lieader hub and all others as intermediste hubs, It is suggested, but not required, that hub
implementations he capable of being used for either purpose, Methads {or swilching between thege Lwo
modes are beyond the scope of this standard.

For an intermediate hub, the upper output shall be connected to a port inpui of the next higher-level hub
and the upper input shall be connected to a port output of a higher-level hob.

For the header hub, the upper output shall be conneeted to the upper input. This wraparvound may
appropriately bypass parts of the PMA specification so long as the resulting i mplementalion is functionally
equivalent to one with a wired conneetion. For example, signals internal to the hub need not be translated
{o the eorresponding external levels and then translated back to internal levels. Similarly, it shall not be
neeessary to retima the wrapped signal twice, once in the npward side and then again in the downward
gide of the stne header hub; a single retiming is permissible,

12.4.3.2.7 Collision Presence Startup, When a hub slarts generating CF (as specified in 12.4.3.2.2
through 12.4.3.2.5) it shall synchronize the startap to a half or whole bit-cell boundary of any immedialely
preceding signal. I it was sending IDL immediately before the CP, no synchronization or preamble is
required.

A hub may start transmission of CP at any point in the sequence thaf does not result in pexiods of more
than one bit time without a transition during the switch from passing on data to sending CF. Depending on
{he preceding signal, it may start with L0101, 010HL, 10HLD, OFILDY, or HL010. Because startup may be
synchronized to any half-hit-cell boundary, o hub may also transmil the shifted version of G starting with
1LH10, LH101, H101L, 101LH, or 01LIH1,

12.4.3.3 Relinbility, Hubs shall be designed to provide a mean time between failure (MTBI) of at
least 45 000 hours of operation. Hubs, including the nssociated connectors and other passive components,
should be designed to minimize the probability that, a particular failure results in total netweork failure,
Furthermore, the port electronies of each hub should be designed so as loninimize the probability thai the
failure of one port prevents eommunication by equipment atiached to the ather ports.

12.5 Physical Madium Attachment (PMA) Specification

12.5.1 Overview. This scetion 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 con-
neets the PLS sublayer to the Medium Dependent Interface (MDI).

12.5.2 PLE-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 Bignal Characteristics

12.56.8.1 Teansmitter Characteristics. Transmitters shoild operate properly when loaded with any
cable meeting the requirements of 12.7. To approximate the boundary conditions of such lvading, two spe-
cific test loads are specified, Transmitlers shall meet all requirenients of this section when connected to
both the “light” {115 Q) load shown in Tig 12-17 and the “heavy” (approximately 80 £2) load shown in
IPig 12-18. It is expected that transmitters that perform correctly with these two loads will also perform
acceptably under intermediate foading conditions.

12.5.8.1.1 Differential Quiput 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 CF, 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
fhie zoro-crossing, the output shall exceed the voltage of a signal rising from the zero-erossing to 2.0 V with

i
i
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Fig 12-17
Simulated Light Load

a slope of magnitude 20 mV/ns. The cutput shall remain above 2.0 V unii} 100 ns befwre the nexd, zero-
crossing. The peak output voliage shall not exceed 3.65 V. While falling from 2.0 V to the zern-crossing, the
ssing with a slope of magnitude

signal shall exceed the voltage of a signal ialling from 2.0 V to the zero-eros
20 mVins,

For puises of duration BT, the average voltage that appears from 100 ns after Lhe zero-crossing through
BT/2 shall be between 0.95 and 1.8 times the average vollage that appears from time B2 through 100 ns
before the following zevo-crossing. Similarly, for pulses of duration BT, the peak voltage that appears from
100 ns after the zero-crossing throvgh BT/2 shall be between 0.95 and 1.8 times the peak voltage that
appears from thne B7T/2 through 100 ns before the following zere-crossing

NOTE: The purpode of the above restrigtions on average and pealt voltages is Lo avoid transmitter waveforms that peak excessively
during the second half of signals of duration BY, resulting in exeessive jitlor at the receiver. Some equalization ta produre slight droop o
in the second half of signals of duration BT, on the other hand, may help decrease jitter at the far end of long cobles. .
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The amphitude of the power speetrwm al the output of the transmitier for all poseible sequences of sig
nals shall pol exceed that produced by an idealized transmitier sending corresponding vectanmndar wave-
formne with magnitude 365 V sl any frequency.

When o transmittor enters the idle state, 3 shall mainiain a minimum differential cutput, vollags of
2.0V ivem 100 ns through 23T afier the last low-to high ransition, as iHlusivated in Vig 12-421.Phe differ.
ential output veliage shall then fall to B4V within SBT afler that same low-to-high fransition. Starting
when the differential cutpnt voltage first reachos 1.1V, the mggnitude of the eutput voltage driven into the
test foads indicated in FMigs 12-22 and 12-23 ghall then remain within the lindis indieated in Pig 12-21 untii
the iransmitter leaves the idle state.

The transmitter output at the start of idle may exhibit overshoot, ringing, slow voltage decay, or 2 combi.
nation thercof due to the following factors:

{1} Change in {ransmilter source impedance between the active and idle states

{2} Difference in the magnitodes of the differential output voltage between the high and low oulput
states (AV )

(3) Wnaveform asymmetry at the transmitter (AT)

{4) Pransmitler and receiver (fransformer} inductance (1.)

NGTE: The gontribuiien te the andershoot from easch of these can he computed with the feilowing equations:

Vﬁ\'ﬁ')n u f:d\"()n P\Qpp /2Ry
Vip = (24T /1000 55} Vo Rege { Rox

vy =V [ 1- o278 EsLploR) ).Rmi /R
whire:

Ropp = RajeorefRe

Rem = Rapeon Ry,

Raper oy = mouree impedance {0) when the driver s off

Regeon = sourpe impedance {0) when the driver i cn

Ry, = load impedance (62}

Lip = combinoid indueinnee {pi) of the transmitter and receiver transformers

AV =difference (V} in magnitude of the 11T and LO eutput veltages

AT = agymmetry of the waveform eiuals the difference betwesn the averapo HI and average LO puke widths
{ns} at the trangmitier

Vo = maximum output veltage (V) during the start of iDL

NOTE: The waveform shown in Fig 12-21 and the equaiions in the preceding note apply to a transmitter connected to the Lest londs of
Tigs 12.22 and 12.23. An actusl vecsiver may present a more comples termination impednnce nod o the undershoot or overshoest may
excesd that encountered with the tost Toads,

12.5.3.1.2 OQutput Timing Jitter. The transmitied signal zervo-crossings shall deviate from the ide-
alized zero-crossings by no more than < 10 ns,

12.5.3.1L.3 Trensmitler Impedance Balance, The longiludinal to metallie impedancee balance of
the iransmitler, defined as 20 log T8, /By, where I8, i an externally applied ac voltage, as shown in
Fig 12-24, shall exceed 44 dB at all {requencies up to and including 4BR in the idle and nontdle siates,

NOTE: It may be difficuit to measure the transmitler impedance balance in the nonidle state. A {tequeney-selective wavemeter or
atier measurement fechnique may be reguired. Furlhermore, the baiance of the test equipment {sueh ns the matehing of the 406 &
resistors) must exceed that required of the transmitter,

12.5.3.1.4 Commeoen-Mode GQutput Voliage. The magnitude of the toial eommen-mode ontpul voll-
age of the transmiiter, B, measuved as shown in ig 12-25, shall not exceed 300 mV,
NOTE: The implementor should consider any applienble local, national, or internationad regulations nod standards esneerning RF

emisgion. Driving unshiclded twisted pairs with gh-frequency common-mode voltages may resnll in interference ta other equip-
ment.

12.5.3.1.5 Common-Mode Telerance, Transmitiors shall meet the requirements of 12.5.3.1.1 and
12.5.3.1.2 even in the presence of conumon-mode sinusoidal voliage, B, (as shown in Fig 12-26), of £ 20V
peal at frequencies from 40 kHz through GBR.
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Fig 12.26
Transmitter Common-Mode Tolevance

12.6.3.1.8 Transmitter Fault Tolevance. Transmitters, hoth when idle and when nonidle, shail tol-
crate the application of short cireuils across their outputs for an indefinite period of time without damage
and shafl resume normel operalion afler such faults are removed. The magnitude of the current through
such a short circuit shall not exceed 300 mA,

Transmitters, both when idle and when nonidle, shall withstand, without damage, 2 1000 V commion-
mode impulse of either polarity, applied as indicated in Fig 12-27. The shape of the impulse shall be 0.3/
50 ys (300 ns virtual front time, 50 s virtual time of half value), as defined in IEC Publication 60 (sec Ref-
erence {111},

ISOTE: Tolerance of, nnd recovery froin, the appliention of the telephony voltages deseriied in 12.10.2 is optional, bui the safoty
requirements of that section are iandatory.

Sl 8023, 19833 Flition LOCAL AND ARTRODOLITAN AREA NETWORKS:
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12.5.2.2 Receiver Characteristics
12.5.3.2.1 Dhfferential Input Voltage. The veceiver shall operate properly when a signal meeting

the minimum magnituzde requirements of Fig 12-28 is received. When leag than 300 mV, the magnitude of

the voltage will exceed that of a straight line through the nearest zero-crossing with slope of magnilude
9 mV/ns. That is, the average slew rate near each zero-crossing will exceed 9 mVmns. The magnitnde of the
voltage will also remain at or above 1.0 V for some period lasting af 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.

= 150(650)
batian o

s

~ 9 mVing 9 mvins
O L
~te] lw» 333 ns 353 ns-@v{ e
<250 ns
e B2 (01 BT, nOMINGE  ~memmem e

Fig 12-.28
Receiver Signai Envelope

12.5.5.2.2 Input Timing Jiiter. Receivers shall operate properly with zero-crogsing jitter of up o
£ 32 ns from the ideal.
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12.58.8.2.2 Idle Input Behavion The 1DL condilion shall he detected within 1.8 bii times of the last
fow-to-high transiiion ot the receiver.
NOTES: (1} It is neceszary to distingoish OV from [DL.

(2} Sysiom jitter considerations make it impracticol o delect 1D (zetdis, end-ol-transmizsion delimiter) any zooner tharn 1.3 big
timen, FThe specific implementation of the clock recovery mechanism, or equivalenl, determines the lower bound on the actual IDL
detection time, Adequate margin should ho provided botween the fower bound and L3 it times,

The receiver shall Like 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 theveof due to capacitive and inductive effects in the transmitter,
eable, and receiver, including those discussed in 12.5.3.1.1.

To this end, a receiver in a hub shall treat its inpui us if it weore idle for between 20 and 30 us alter
detecting I1DL, The timing of this “protection” period for the porl PMAs may use a single timer that is
started when all ports have become idle or disabled by the Jabber Punction. Receivers in DTEs may
inelude a similar protection period of up to 30 s,

NOTE: The protection period is required in hubs becsuse erroneousty interpreling the start-oftidhe as a new transmission will resalt
in propagation of the error to DTEs, despite any precautions taken in thoze DTEs, The protection pevied is opliennl in DTEs beenuse
any implementation error in a DTE will affect enly that particular DTE,

12,8324 Differential Inpnit Dupedance. The (complex} differential inpul impedance of the
YeCeiVer, Lypuven Shall be such that the reflection attenuation, defined as 20 logy (] Zipwiver F8catte]/] Zre.
eniver = Zeapie ] )y where Zou is the differential chavacteristic impedance of the attached cable, exceeds 16 dB
over the range BR/2 through 2BR for all eables meeting the requirements of 12.7.2.

12.5.3.2.5 Common-IMode Rejection, Receivers shaill assume the proper output state for any dif-
ferential input signal, E,, that results in a signal, Egs that mects 12.5.3.2.1 and 12.5.3.2.2, even in the
prezence of common-mode sinusoidal, voltages, I, (as shown in Fig 12-29}, of $20 V peak at frequencies
from 40 kHz through 63R.

S

~ 4001} %
Eait AECEIVER
s00 b
Fig 12-29

Receiver Common-Mode Rejection

12.5.3.2.6 Moise Immunity. Receivers shall meet the following limits on average error, rates when
the noise described in 12.7.4 is added Lo the signals descerthed in 12.5.3.2.1 and 12.5.3.2.2:

{1} When nonidle, the receiver ervor rate shall not exceed one error in 108 bits.
(23 When idle, a recetver used in a DTE shall not falsely delect carrier more than one in 100 &.
(3} When idle, a receiver used in a hub shall nol falsely detect carrier more than once in 1500 5.

NOTIE: Receivers whoese inpuls include a 2-4 MHz, 2-pole, low-pasgs, Butterworth filter and a 560 mV squelch lovel will meel this lnst
requirement for idle-mode noise immunity et stiil perfors properly with the weakest signal allowed by 12.5.3.2.1.
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12.5.3.2.7 Receiver Fault Toleranee. Receivers shall tolevate the applicstion of short cireuiis
across their inpuls for an indefinite period of time withont damage and shall reswine normal eperation
after such fanlts are removed,
Receivers shall withstand, without damage, o 1000 V eoranen-moede impulse of either polarily, applied
as indicated in Fig 12-27, The shape of the impulse shall be 0.3/50 us (300 ns virtual front time, 50 g vie-
tual fime of half value), as defined in I1EC Publication 80 {zee Reference [11]).

MOTE: Tolerance of, and recovery ivom, the application of the telephony voltnges deseriboit in 123002 i3 optionsl, vt the safoly
requirenients of that section are mandatory:

12.6 Medivm Dependent Intexface (MDI) Specification

12.6.1 Line Interface Connector 8-pin connectors meeting the requirements of Section 3 and Figs 1
through 5 of ISO/DIS 8877 (see Reference [16]) shall be used as the compatibility interface between the
PMA and the medivm. The use of other types of connectors, if any, within a PMA or within the mediom,
although not explicily prohibited, is outside the scope of this standard.

12.6.%2 Connector Contact Assigamentz. The contacts of the conneclors, as depicied in Figs 12-30 and
12-31, shall correspond {o signaling circuits as indicated below:

1 Upward Data+ (positive for HI signal)

2 Upward Data~ (negative for HI signal)

3 Downward Data+ (positive for HI signal)
4 not nsed by 1BASES

5 not usced by 1BASES

G Bownward Dala~ (negative for HI signal)
7 reserved

8 reserved

For DTEs and the upper MDI of hubs, contacts 1 and 2 are used for transmilling and contacls 3 and 6
are used for receiving. For the port MD1s of hubs, however, contacts 1 and 2 are used for receiving and con-
tacts 3 and 6 are used for transmitting.

g 12-30 Fig12.31
DTE and Hub Connecior Cable Connecior

12,6.3 Labeling. To distinguish 1BASES conneciors from those used for other purposes, it is recom-
mended that appropriate labels be affized to wall outlets and olher conneciors, This is particularly impor-
tant in envirenments in which the specified 8-cantaet conzectors are uged for more than one purpose.
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1257 Cable Medinm Charneteristics

12.7.1 Oveyview A significant number of IBASES netwsrks are pupected to atilize in-piace building wirn
ing. In this environment, DTEs connect (o wall outlets nsing twisted pair telephone cord. The wall outlels,
in turn, connect 1o wiring closets, where hubs could be located, using standard telephone wirving. This wir-
ing typically consisis of 0,4-0.8 mm diameter (26-22 pauge) unshivlded Leisted pairs.

12.7.2 Trangmission Parpmeters. Bach wire pair used o interconnect DTEs and hubs shall meet the
requirernents of 12.9.3 and also have the following characteristics,

12.7.2.1 Altenuation. Total cable attenuation between a transmitter and the corresponding receiver
shall be no more than 6.5 dB at all frequencies between BR/2 and BR, 9.2 dB at {requencies hetween BR
and 2BR, and 13.8 dB at frequencies between 2BR and 4BR.

12.72.2.2 Differentinl Chavacteristic Impedance, The magnitude of the differential characteristic
impedance at frequency BR, Zpg, of each wire pair used shall be belween 80 © and 115 Q. In addition, the
magnitude and phase angle of the chavacteristie impedance at each of the following {requencies shall be
within the corresponding ranges indicated:

Mapnitude Phinse Angle

Frequeney Minimum Maximum Minimumn Maximnm
BR/ Zon Zpp + T8 -10° 0°
BR/2 ZHI{ ZBR +50 ¢ [V

BR Zpr 2R -6° 0
2BR Zpp~ 40 AT -4¢ (13
4BR Zpr-50 Zpn -3 0°

12.7.2.3 Mediam Timing Jitter. Intersymbol interference and reflections due lo impedance mis-
matches between the sections of a cable segment can infroduce jitter in the timing of the zero-crossings.
A cable segment terminated in 96 Q shall add no more than & 17 ng, referenced to the transmit clock, of
edge jitter when driven with a rectangular signal of magnitude 2.5 V through a source impedance 22 €,
The driving signal shall be a Manchester-encoded pseudo-random scquence of data with a repetition period
of at least 511 hits.

NOTES: (1) The reflections eausnd by splieing teo eable sections that have different characleristic impedanees (but that each mest
the requirements of 12.7.2.2) will not contribute signifieantly to timing jitter if the gplice is within 19 m of cither ond of tho seament.
(2} Branches off & wive pair (often referred to as “bridged taps® or “stubs™) will penerally eavse excosgive jitior and so should be
avidded.,
(3} ditter can be measored ot the receiving end of & segiment using sn escillogcope. The ascilioscope 1 triggercd on zoro-crossings,
Lhe deviation of zubsequent zern-crossings from multiples of BT/2 35 then obzarved. Fhe deviation of ench zere-crossing most not
exceed = 34 ns,

12.7.2.4 Dispersion. Bach wire pair shall produce an oulput signal that meets tlie zero-crogsing edge
rate deseribed in 12.5.3.2.1 when driven with a 1 MHz trapezoidal signal of magnitude 2.0 V (ihat is, 4.0 V
peak-to-peak} with edge rate 20 mV/ns.

12.7.3 Couplivg Parameters, To avoid vxcessive coupling of signals between pairs of a cable, the
erogstall and imbalance must he limited.

Crogstall attenuation is specified with the for end of both the disturbed and the disturbing pairs and the
near end of the disturbed pair terminated in 96 O,

12.9.3.1 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
logyo (/BR} dB for each {requency { between BR and 4BR.
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12.7.2.2 Multiple-Disturber Orosstalls, The near-end, differential, crosstalk attennation belween
multiple disturbing wire pairs and a disturbed pair in the sane cable shell be at feast 38.5 dB at frequency
BR and at least 38.5- 15 loge (WBR} dB for each frequeney {bebween BR and 4ABR.

When two or more disturbers are present in a eommon cable sheath, the multiple-disturber, near-end,
crosstalle attenuation (MDNEXT) inlo cach pair, measured in dB, may be determined using the following
equationa:

j 3 ‘}0( ¥ s 0y

1)

jans
3

0}

=
i

- (K i2
5 1007
i

Ld

s ﬂi}

MDNEXT; = 10log 4 (Hf+ V)
where:

i iterates aver each disturbing pair

j is the disturbed pair

¥y is the magnitude of the near-end, differential, crosstaik attenuation from pair 1 Lo pair j
6. is the phase angle of the near-end, differential, crosstalic atiennation from pair i to pair j

If only the probability distribution of X is known, then the distribution of MDNEXT can be determined
asing Monte Carlo methods with that X distribution and a phase angle uniformly distributed hetween 0

and 2z rad.
NOTE: See Appendix A3 for example computations of MDNEXT distributions,

12.7.8.3 Balance. The longitudinal to metallic balance of the cable, defined g 20 logyg B/ 28,
where By is an externaily applicd voltage, as shown in Fig 12-32, shall exceed 44 dB at, all frequencies up
o 4BR.

NOTE: The balance of the test equipnient {such as the halanee of the transformer and the matching of the 308 (O resistors) must

exceed thal reguired of the eable.

2219

004 3000

500

Tig 12-32
Cable Balance Test
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12.4.4 Noise Bnvirorment, Links used with 1BABES shall provide a nuise envireiment ne worse Lhan
that deseribed below, The totad noise environment generally results from two primuary eontributions: aplf
erosstalk from other IBASES wire pairs and externally induced ipulse noise, (ypically from telephone
ringing and dialing signals, and office machinery. For the purposes of this siandard, it can be assumed that,
the two compoenents contribute independently and so the total ervor rate ean bie appropriately splil between
the two.

12.7.4.1 Impuise Moise, The noise voltage on wire pairs terminated at hoth ends in 96 €, as measured
through the following specified filters, shall nol exceed the eorresponding threshold vollages more than 8
times per 1800 s interval, Following the start of any particular impulse that is counted, any additional
impulses sbhall be ignored (that is, not counted) for a period of 100 ys. Each filter iz a 2-pole Butterworth
fow-pass filter wilh the indicated cut-off (3 dB point) frequency.

Cui-Off Freauency Threshold
2 MHz 170 mV
4 MHz 275 mV
10 MHz 560 mV

The impulse noise oceurrence rate changes inversely by one decade for each 7 dB change in the threshold
voltage. That is, if the noise occurrence rate is  counts per 1800 & at a particulur threshold volinge, then a
rate of 9 counts per 18 000 s will oceur at a threshold 7 dB above that voltage. I a count rate of N counts
per 1800 s is measured on a spectfic cable and filter at the specified voltage threshold, the media neise mar-
gin is 7 log), (9N} dB.

12.7.4.2 Crosstalk. The level of crosstalk noise on a pair depends on the level of the digturbing sig-
nak{s) and the crosstalk atlenuation from the pair{s) carrying the signal{s). With the maximum transmit
level specified in 12.5.3.1, the sinusoidal crosstallk attenuations specified in 12.7.3.1 and 12.7.3.2, and mul-
tiple, synchvonized, random Manchester disturbers, the peale self-crosstalk (that is, crosstalk from other
IBASES sipmals) noise levels, as meagured through the following specified filters, shall be less than or
equal {o the levels indicated below, Each filter is a 2-pole Butterworth low-pass filler with the indicated
cui-off (3 dB point) frequency.

Cut-Off-Freauency Level
2 MHz 105 mV
4 MHz 160 mV

12.8 Special Link Specification

12.8.1 Overview. Some 1BASES nelworks may require extension beyond the lmits imposed by 12.7 or,
due to the installation environment, imay require special media such as optieal fiber, bigh-grade eable, or
even free-space Lransmission. The detailed design of special links that replace standard links for use in
such circumstances is beyond the scope of this standard, but the end-to-end characteristics are specified, It
shall be the responsibility of the supplier to ensure the proper operation of special links with other 1BASES
cquipment,

12.8.2 'Transmission Charaeteristics, Special linka shall meet the overall aitenuation, jitler, and dis-
persion specifieations of 12.7.2.1, 12.7.2.3, and 12.7.2.4, respectively. Total noise introduneed due {o crosstalle
or other sources shall not exceed that allowed for standard media, as specified in 12.7.4. To the extent that
it affects operability with 1BASES transmitters and receivers, speciol links sliall also meet the impedance
and balance requirements of 12.7.2.2 and 12.7.3, The delay and preamble loss allowed for sperial links is
specified in 12.9.4,

12.8.8 Permitted Configurations. No more than one special link is permitted in thie path between any
DTE and the header lish, That is, special links may be instalied in parallel but not in series.

NOTE: Speciat links may he conibined with other 1BASES components, such as hubs, Such combinations nre subjoel 1o the perfor-

manen speeifications of Lhis standavd only as visible nl their external interfaces. For example, explicit MDla are not required internal
o such combinntions,

238

HPE 1022-0233



‘ o PRI AR02-9 ¢ s
LSAED ANBUHLNT Sad 80205, 1000 Dditinn

12.9 Timing

124,01 Overview. The successfal Intereommection of muliivendor system eomponents mandates (st
delay and bit loss be allocated fairly and realistically among the various system clements. The halanee of
this scction defines the upper limits of delay and bit loss allecated o each component. These values allow
proper operation with the worst-caze system configuration of five levels of hubs, special Hoks, maximum-
Jength cable segments throughout the network, and colliding TEs ai 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 Lo the first full transition (after startup bit logs, if any) at the
MDL. "This delay shall not exceed 3BT The start bit loss shall not exceed 1 bit.

DTEs shall correctly receive frames that are preceded by 13 or more bits of preamble plus 8 bits of <sfd>,

There is a delay between the reception of signal at the PMA input of o DTE and eperation of the deferral
process in the MAC. Therefore, there i¢ a window in which a DTE may fail tv defer to a transmission even
after it has arvived at the input. The DTE Deference Delay is the {ime fron: the receipt of the fivst transi-
tion of the preamble at the MDI until the last moment that the DTE might: start transmitting at the MDI.
This delay includes the following components:

(1) The delay from the fivst input transition at the MDI to CARRIER_ON at the PLS-MAQC interface

(2) The delay through the MAC processcs fram CARRIER_ON to the last mement that a new transmis-
sion would miss being deferred

(3) The delay from the first OUTPUT UNIT at the MAC-PLS interface to the first output transition al
the MDI

The DTE Deference Delay shall be no more than 215T.

The DTE Collision Shutdown Delay is the time from the first. CVL or CVIH arriving af the MDI of a trans-
mitting I'IE until that DTE trangmits 1DL at that interface. This time shall be no more than 26BT +
jamSize=58BT. This limit shall not start until afier the <sfd> has been transmitted.

12.9.3 Medivm Timing, The Medium Transit Delay is the time from when a sigaal enters the medium
until that signal leaves the medium. This delay shall nol exceed 4BT.

12.9.4 Special Link Timing. The Special Link Transit Delny is the time from when a signal enters a
special link until that signal Teaves the special Yink, This delay shall not, exceed 15BT. The preamble leav-
ing a special link shall be no more than 2 bif, gells longer than the preamble seat to that special link and no
more than 1 bit cell shorter than the preamble sent (o that special link. For the purposes of these limits
only, the first bit {ransmitied shall be considered part of the silence of the preceding 1IDL unless it meets
the requirements for the succeeding bils specified in 12.5.8.1.1 and 12.5.3. 1.2,

12.9.5 Hub Timing. Hob Btartup Delay is the time from when the first bit cell of the preambie ayrives at
a hub until the first bit cell (also preamble) leaves that hub. This time shall be no greater than 12BT. The
preamhle sent by a hub shall be ne more than I bit cell longer than the preamble sent to that hub or more
than 4 bit cells shorter than the preawnble sent to that hub, For the purposes of these Hmitz only, the first
bit transmitied shall be considered part of the silence of the preceding 1D unless it meets the require-
ments for the succeeding bits specified in 12.5.3.1.1 and 12.5.3.1.2.

Hub Idle Collision Startup Delay applics to any case in which CP arrives preceded by fewer (or na) bit
times of preamble than the Hub Starlup Delay. The time fram arrival of the first bit cell (either preamble
or CP) until the first bit cell leaves the hub shall he vo greater than 12B7.

Hub Transit Delay iz the time from the arrival of any bit cell at o hub to the transmission of the corre-
gponding bit cell from the hub. This delay shall not exceed 9B, excluding the cumulative effeets of clock
tolerance.

The transit (propagation) delay between the vpward and downward sides of the Header Hub shall be
negligible.

Hub Delay Streteh/Shrink is the inerease or decrease in a hub's transit delay due {o 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 streteh or shrink of (56 + 8 4 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 ihe lime required for o hub Lo deteed muliipie miecoming siznals and initigte
transmission of O The time until transmission of the fivst CVIT ar CVL shall be no greater than 2181

Hub Active Collision Btartup Delay is the time frem the svrival of the fivat CVH or CVL of a CP pattern
at a hob that is vepeating bil cells wilil teansmission of the fivst CVH gr CVL from the hub. This deiny
shiall be no greater than IZ2B7T in either the vpward or downward divection.,

Huly Collision Shutdown Delay is the time frem IDL arriving of @ huls that is passing on or generating
CP until that hub starts transmitting IDE, This delay shall be Hinited to 9BT. The Hmit is relaxed to 25BT,
howaever, for the upward side of a hub that is generating CP. This exira allowance is made to avoid requir-
ing implementation of a separate <etds detection mechanism in each port of the hub,

12,10 Safety. Implemeniors are urged to cansult the relevant local, national, and international safety regu-
lations lo ensure compliance with the appropriate standards. EIA CB8-1981 (sce Annex {12D) provides
additional guidance concerning many relevant regulatory requirements,

Sound installation practice, as defined by applicable codes and regulations, shall be followed, BCMA-97
(sec Annex {11]) describes zafety requirements for local area networks.

12.30.1 Esolation, Bach PMA/MDI interface lead shall be isolated from {rame ground. This electrieal sep-
aration shall withstand at Jeast one of the following electrical strength tests:

(1} 1500 V {rms) at 50 to 60 Iz for 60 s, applied as specified in Scction 5.3.2 of IEC Publicalion 950 18],
(2} 2250 V {de) for 60 s, applied as specified in Section 5.3.2 of JEC Publication 950 (see Reforence [8]).

(3) A sequence of ten 2400 V impulses of allernating polarity, applied at intervals of not less than 1 s,
The shape of the impulses shall be 1.2/50 ps (1.2 ps virtual front time, 50 ys virtnal time of half
value), as defined in TEC Publication 60 (sec Reference [111).

There shall be no insulation breakdown, as defined in Scction 5.3.2 of IEC Publication 850 (see Reference
[8)), during the test. The resistance afier the (est shall be at least 2 MQ, measured at 500 V {dc).

12.10.2 Telephony Veltages. The use of building wiring brings with it the possibility of wiring errers
that may connect telephony voltages to 1BASES equipment. Other thon veice sipnals (which are very low
voltage), the primary vollages that may be encountered are the “baltery” and ringing voliages. Although
there is no universal standard that constrains them, the following maxzimums generally apply:

(1) PBattery voltage to an on-hook telephone line is about ~56 V (de) applied to the line through a hal-
anced 400 Q source impedance. Thig veltage is used to power the telephone instroment and 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 ~86 V (de) appticd to the line through a
balanced 400 & source impedance, but most of the voltage appears across the source impedance
because the {elephone instrument’s impedance is velatively much lower,

(3) Ringing voltape is a compogite signal. The first portion can be up to 175 V peak at 20 {0 66 Hz, lim-
ited by a 100 Q source resistance or a 400 to 600 Q source inductive impedance. The second portion
is ~BG V (dey limited by a 300 to 60O & sowrce impedance. Large spikes can oeeur at the start and
end of each ring.

Although 1BASES equipment is not required to survive such vriring hazards without damage, applica-
tion of any of the above voliages shall not result in any safety hazard.

NOTE: Wiving ervora may mposs telepheny voltages differentially acrass the 1BASES tranamitters or reccivers, Beeause the tormi-
uation resistance likely to be presest acroes a receiver’s input is of substantially lower impodanen than an off-hook telephone ingtru-
ment, owever, receivers will penerally appear o the telephone sysiem as off-hock telephones. Full ving voltagos, therefore, will be
applied for only short perinds of time. Tranemitlers that are caupled using transformers will similarly appenr like off-hook telephones
ithough perhaps a bit more slowly) due to low resistance of the trangformer coil,
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18. System Cousiderations for Multisegment 10 Mb/s Baseband Networks

181 Overview. This section provides information on hutlding multisegment 10 Mb/s baseband networks
within a single collision domain. The proper operation of a CEMA/CD network requires network size to be
limited to control round-trip propagation delay to meet the requirements of 4.2.5.2.3 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 contain I0BASE-T segments.

NOTE: Information on 10BASEYT is included to begin the process of developing this seclion. It is intended that 8.6.1 zad 10,71 be
merged into this rection in the fulure and that any new 10BASE seginents 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 occur. MAC sublayers
separated by a repeater are within the same collision domain. MAC sublayers separated by a bridge are
within different collision domains.

link gegment, The point-to-point full duplex medivn connection between two and only twoe Medium-
Dependent Interfaces (MDIg),

segment. The medium connection, including connectors, hetween MDIs in a CSMA/CD LAN.

18.3 Transmission System Model. The physical size of a 10BASE-T network, or mixed-media network
containing 10BASE-T link sepments, is constrained by the limits of individual network components. These
limits include the following:

(1) Cable lenglh and its assaciated propagation time delay.

(2) Delay of repeater units (start-up and steady-state).

(3) 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 sununarizes the delays for the various network media segments:

Table 13-1
Delays for Network Media Segments

. . " Maximun
. Mazinium Mnaximum Minimum "
Medin Number of Segmoent Medium Medium
Segment MALTs ser L h Pr . Delay per
Type i B pel engt ]Opﬂg.alan Segment
Segment {m) Velaeity
(ns)
Coazial
10BASES 100 500 07T¢ 2165
10BASE2 20 185 0.G6 e 950
Link
FOIRL 2 1000 0.65 ¢ 5900
LOBASE-T 9 100! .52 ¢ 1000
AU 1 DTE/ MAU 50 0.65 ¢ 257

=3 % 108 mfs .
fAcuml maximum sogment length depends on cable characteristios; sce 14,1.1.3.
AU is not 0 segment,.
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In addition, Table 14-1 summarizes the delays for the 10BASE.T MAU; Section 8, the delays for the
10BASES MAU; Section 10, the delays for the 10BASEZ MAU; and Scetion 9, the delays of the fiber optie
inter-vepeater link (FOIRL) and the repeater.

The following network topology constraints apply for 10BASE-T networks as well as mixed-media net-
warks containing 10BASE-T link segments:

(1) Repeater sets are required for all segmment 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 DTTs may consist of up to five segments, four
repeater sets (inclading optional AUTs), two MAUs, and two AUls.

(4) When a network path consists of four repeater ety and five segments, up to three of the segments
may be coaxial and the remainder must be link segments (I'igs 13-1 and 13-2). When five segments
are present, each FOIRL link segment should not exceed 500 m.

(5} When a network path consists of three repeater sets and four segments, the maximum ailowable
length of the FOIRL segments is 1000 m each, as specified in 9.9 (Fig 13-3}.
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14, Twisted-Pair Medivm Attachment Unit (MAL) and Baseband Medium,
Type 10BASE-T

14,1 Seope

14.1.1 Overview. Section 14 defines the functional, electrical, and mechanical characteristics of the Type
HOBASE-T MAU and one specific medium for use with ihal MAT. The relationship of this specification to
the entire ISO/IEC 8802-3 CEMA/CD Local Area Network Specification is shewn in Fig 14.1. The purpose
of the MAU is to provide a simple, inexpensive, and flexible means of attaching deviees to the medium.

This MAU and medium specification is aimed primarily at office applications where twisted-pair exble is
often installed. Installation and reconfignration simplicity is allowed by the fype of cable and connectors
used.

The 10BASE-T specification builds upon Sections 1 through 7 and Section 9 of this standard.

14.1.1.1 Medivm Attachment Unit (MAL). The MAU has the following general characteristics:

(1) Enables coupling the Physical Signaling {PLS) sublayer by way of the Atiachment Unit Interface
(AUD) to the baseband twisted-pair link defined in Seclion 14,

(2} Supports message traffic at a data rate of 10 Mb/s,

(3} Provides for operating over Om to al least 100 m (328 {t) of twisted pair without the use of a
repenter,

(4) Permits the Data Terminal Equipment (DTE) or repeater to confirm operation of the MAT and
availability of the medium.

(b) Supports network configurations using the CSMA/CD access method defined in ISOAREC 8802-
3: 1993 with baseband signaling.

(6) Supports a point-te-peint interconnection between MAUs and, when used with repeaters having
maultiple ports, suppoerts a star wiring topology.

(7} Allows incorporation of the MAU within the physical bounds of a DTE or repeater.

14.1.1.2 Repeater Unit. The repeater unit is used to extend the physical system topology and provides
for coupling two or more segments. Repeaters are an integral part of all 10BASE-T networks with mare
than two DTES (see Figz 13-1 and 13-2). The vepeater unit is defined in Section 9. Multiple repeater units
are permitted within a single collision domain to provide the maximum connection path length specified in
Section 13. The repeater unit iz not s DTE and therefore has sliphtly different requirements for its
attached MAUSs, as defined in 9.4.1. Repeater sets with 10BASE-T MAUSs ave required to provide the auto-
partitionfreconnection algorithm on those ports, as specified in 9.6.6.2.

14.1.0.3 Twisted-Pair Media. The medium {or JOBASE-T is twisted-pair wire. The performance spec-
ifications of the simplex Hnk sepment are contained in 14.4. This wiring normally consists of 0.4 mm to
0.6 mm diameter {26 AWG to 22 AWG] unshiclded wirve in a multipair cable. The performance specifica-
tions are generally met by 100 m of 0.5 mm telephone twisted pair. Longer lengths are permitted providing
the simplex link segment meets the requirements of 14.4. A length of 100 m, the design objective, will be
used when referring to the length of a twisted-pair link segiment,

14.12 Definitions. This section defines the terminology specific to Type 10BASE-T MAUs and their
application to repeater units.

hit tiree (BT). The duration of one bil symbol (/BR).
cellision. A condition that resulis from coneurrent transmissions from multiple signal sources,

common-mode voliage. The instantianeous algebraic average of two signals applied to a balanced cireuit,
both signals referred to a common reference. Also called longitudinal voltage.
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Fig 14-1
10BASE-T Relationship to the IS0 Open Systems Interconnection (OSI)
Reference Model and the IKELK 802.3 CSMA/CD LAN Model

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

differentisl-mode voltage. The instantaneous algebraic difference between two signals applied to 2 bal-
anced circuit, both signals referred to a commmon reference. Also called metallic voltage.

Medium-Dependent Interface (MDI). The mechanical and electrical interface between the twisted-pair
link segment and the MAU.

Phygical Medium Attachment (PMA) subleyer. The portion of the MAU that contains the functional
circuitry,

Physical Signaling (PLS) sublayer. The portion of the Physical Layer, contained within the DTE, that
provides the logical and functional coupling between the MAU and the Data Link Layer.

simplex link segment. A two-wire path between two MAUs including the terminating connectors, con-

sisting of one or more twisted pairs joined serially with appropriate connection devices, for example, pateh
fields and wall plates (see Fig 14-2),

twisted pair. Two continuous insulated conductors helically twisted around one another (see Fig 14-2).
twisted-pair cable. A group of twisted pairs within a single protective sheath.

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

twisted-pair link. A twisted-pair link segment and its two attached MAUs (see Fig 14-2),
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twisted-pair link segment (duplex link segment). Two simplex link segments for connecting two
MAUSs (see Fig 14-2).

14.1.3 Application Perspective. This section states the broad objectives and assumptions underlying
the specifications defined thronghout Section 14.
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14,1.8.1 Objectives

(1) Provide the physieal means for communication between LA Data Link Layer Bntilies.

(2) Insure compatibility of independently developed physical and electrieal interfaces,

(3) Provide a communication channel with a mean bit error rate, at the physical layer service interface
of less than ene part in 105,

{4} Provide for case of ngtallation and service.

{5} Ensure that fairness of DTE access ig not compromised.

(6} Provide for low-cost networks, as related to both equipment and cabling.

(7Y Make use of telephone twisted-pair building wiring and telephony wiring practices.

14.1.3.2 Compatibility Considerations. All implementations of ihe twisted-pair link shall be com-
patible at the MDI. The MAU and the medium are defined to provide compalibility amoeny devices designed
by different manufacturers. Designers are free to implement circuityy within the MAU in an application-
dependent manner provided the MDI and AUT (when implemented) specifications are met.

14.1.3.8 Mode of Operation. The 10BASE-T MAU is capable of operating in normal mode only (see
7.1.4). The MAU shall not operate in manifor mode.
When normal mode is in operation, the MAU functions as a divect connection between the medivm and
the DTE or repeater, Data from the DTE or repeater is output to one of the simplex link segments of the
link segment, and data received on the other simplex link segment is inpui to the DTE or repeater.

14.1.4 Relationship to PLS and AUL A close relationship exists between Section 14 and Seetion 7. Sec-
tion 14 specifies the physical medium parameters and the PMA logical functions residing in the physical
MAU. The MAU provides services to the PLS defined in Section 7 by means of the AUL 10BASE-T MAUs
support a subset of the AUI services specified in Section 7, 10BASE-T MAUs do not support the opiional
isolate funetion, the optiomal CO cireuit, or the uptional C51 signal on the CI cireuit.

The design of an external MAU component requires the use of both Section 14 and Section 7 {or the PLS
and AU specifications.

The figures and numerous textual references throughout Section 14 refer to terminology associated with
the AUI (that is, DO, DI, and CI). Since an embodiment of the 10BASE-T MAU does not require the imple-
mentation of an AUIL, the DO, DI, and CI circuits may not physically exist. However, they are logically
present and MAU operation is defined in terms of them,

14.2 MAU Functional Specifications. The MAU provides the means by which signals on the three AUI
signal civcuits to and from the DTE or repeater and their associated interlayer messages are coupled to the
twisted-pair link segment. The MAU provides the following functional capabilities to handle megsage flow
between the DTE or repeater and the twisted-pah- link segment:

{1} ‘Tyansmit function. Provides the ability to transfor Muanchesto-encoded data from the DO cirenit to
the TD circuit. While not sending Manchester-encoded data on the TD circuit, the MAU sends an
idle signal, TP_1DL, on the TD circuit.

(2) Receive function. Provides the ability to transfer Manchester-encoded data from the RD circuit to
the DI circuil. While not sending Manchester-cneoded data on the DI circuit, the MAU sends an idle
signal, IDL, on the DI circuit.

(3) TLoopback function, Provides the ability to transter Manchester-encoded data from the DO to the DI
cireuit when the MAU is sending Manchaster-encoded data to the TD eireuit.

(4) Collision Presence function. Provides the ability to detect simultaneous nceurrence of Manchester-
encoded data on the RD and DO circuits and to report sueh an occurrence as a collision.

(5) signal_grality_error Message (SQE) Test function. Provides the ability to indicate to the DTE that
the Collision Presence function is operalional and that the signal_quality _error message can be sent
by the MAU.

(G) Jabber function. Provides the ability to prevent abnormally long reception of Manchester-encoded
data on the DO cireuit from indefinitely disrupting fransmission en the network. While such a con-
dition is preeent, transfer of Manchester-encoded data by the Transmit and Loopback functions is
disabled.

HPE 1022-0243



(SOHT0 586057 - 1908
CSMACD ARNSRELL Sul 8023, 1983 Fidition

(7) Link Infegrity Test function. Provides the ability to protect the network from the consequences of

failure of the simplex link attached to the RD civeuit, While sueh o failure is present, transter of
Manchester-encoded data by the Transmit, Leceive, and Loopback functions is disabled.

1421 MAU Funections, The MAU shall provide the Transmit, Roceive, Loopback, Collision Presence,
Jabber, and Link Integrity Test functions, The SQE Test {function shall be performed by MAUs thai are
conmected to D'I1s and shall not he performed by MAUs that are cormected to vepeaters. A capabilily may
be provided in the MAU Lo activate or inhibit the SQE Tesi function. IL is not reguired that a MAU deter-
mine that it is connected 1o either a IDIE or a repeater and aviomatically activate or inhibit the SUE Test
function.

14.8.1.1 Transmit Ponction Reguirements. The MAU shalj receive the signals on the DO circuit
and send them fo the TD cireuit of the MDI, A positive gignal on the A lead relative to the I lead of the DO
civeuit ghall result in a positive signal on the TD+ (Transmit Data +) lead of the MDI with respect to the
TD-lead.

At the start of 2 packet transmission, no more than 2 bits may be received {rom the DO cirenit and not
sransmitted on the TD circuit. In addition, it is permissible for the first bit sent to contain phase violations
or invalid amplitude. All subsequent bits of the packet shall be reproduced with the differential voltage
specified in 14.3.1.2.1 and with no more jitter then is specified in 14.3.1.2.3. The second bit transmitted on
the TD circuit shall be transmitted with the correct timing and signal levels. The steady-state propagation
delay between the DO eircuit input and the TI circuit shall not exceed 2 BT

For any two packets that are separated by 9.6 s or less, the start-up delay (bit lose plus steady-state
propagation delay) of the first packet shall not exceed that of the second packet by more than 2 BT,

Whenever data is not being transmitted on the TD cireuit, an idle signal, TP_IDL, shall be transmitted
on the TD cirenit. TP_IDL is a start of idle, as defined in 14.3.1.2.1, followed by a repeating sequence of a
16 ms = & ms period of silence (the time where the differential voltage remains at 0 mV £ 50 mV)yand a fink
Lest pulge (see 14.3.1.2.1). Following a packet and start of idle, the repeating scquence shall start with a
period of silence.

Transmiseion of TP_IDL may be terminated at any time with respect to the link test pulse. It shall be
terminated such that no more than the first transmitted bit of a packet is corrapted, and with no more
delay than is specified for bit loss and steady-state propagation.

14.2.1.2 Receive Funciion Requirements. The MAU shall receive the signals on the RD vireuit of
the MDI and send them to the DI circuit. A positive signal on the RD+ (Receive Data +) lead relative to the
RD- lead of the MDI shall resalt in a pesitive signal on the A lead with respect fo the B lead of the DI
cireuit.

At the start of a packet reception from the RD cirenit, no more than 5 hits may be received on the RD cir-
euit and not transmitted onto the DI civeuit. In addition, it is permissible for the first bit sent on the DI eir-
cuit to contain phase violations or invalid data; however, all suceessive hits of the packet shall be sent with
no more than the smount of jitter specified in 14,3.1.3.1. The steady-state propagation delay between the
RD circuit and the DI cireuit shall not exceed 2 BT

For any two packets that are separated by 9.6 ps or less, the start-up delay of the first packet shall not
execed that of the sccond packet by mere than 2 BT

14.2.1.3 Loopback Funetion Hequirements. When the MAU s transmitling on the TD eircuit and
is not receiving RD_input messages (14.2.2.4) on the RD circvit, the MAU shall transmit on the DI eireuit
the signals roceived on the DO cirenit in order to provide louphack of the transmitted signal, At the start of
packet transmission on the TD cireuit, no more than 5 bits of information may be received from the DO eir-
cuit and not tranemitted to the DI eirenit. In addition, it is permissible for the first bit sent on the DI circuit
to contain phase violations or invalid data; however, all successive bils of the packet shall meet the jitter
specified in 14.3.1.3.1 (that is, 13.5 ns plus 1.5 ns). Phe steady-state propagation delay between the DO cir-
cuit and the DI cireuit shall not exceed 1 BT,

14.2.1.4 Collision Presence Function Requirements. The MAU shall detect as a collision the
simultaneons oceurrence of aetivity on the DO circuit and the RD circuit while in the Link Test Pass state,
While a collision is detected, a CSO0 signal (see 7.3.1.2) shall be sent on the CI circuit. The signal shall be
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presented to the Cl circuit no more than 8 BT afier the ccevrrence of a colligion. 'The signeal shall be deas-
serted within 9 BT after the DO circuit or the RD circuit changes from active o idle.

When C80 is agserted on the CI civcuit due to a collision, the data on the R circuif. shall be sent to the
DI circuit within 8 BT

When the RD circuit changes from active to idle and data is present on the DO circuit, the data on the
DO circnit shall be sent to the DI circuit within 9 BT

The signal presented on the CI circuit in the absence of collision, SQF test, or Jabber shall be the IDL
signal,

14.2.1.5 signal_guality error Message (SQE) Test Function Requirements. The SQE Test func-
tion shall be performed by MAUs that are connected to DTEs and shall not be performed by MAUs that are
connected to repeaters. When the SQFE test is performed, the MAU shall send CS0 on the CI cireuit for a
time ‘SQE_test’ beginning a time ‘SQE_test_wait’ after the last positive transition of a packet on the DO
civcuit. The value of ‘SQE_test’ shall be 10 BT & 5 BT and the value of ‘SQE_test_wait’ shall be hetween
0. us and 1.6 ps. This funetion should use as much of the normal collision detection and signaling circuitry
as possible without introducing extraneous signals on the TD circuit or the DI eircuit.

The C50 zignal shall not be sent by the SQE Test function while in any of the Link Test FFail states.

14.2,1.6 Jabber Function Beguirements, The MAU shall contain a self-interrupt capability to pre-

vent an illegally long transmission by a DTE from permanently disrupting transmisgion on the network
and to disable loopback to the DI circuit (Fig 14-5), The MAU shall provide a window “unit_max’ during
which time the Transmit function may continnously transmit 7D _ouiput messages to the TD circuit. The
value of “%vmit_max’shall be between 20 ms and 160 ms. If a transmission exceeds this duration, the Jabber
function shall inhibit the Loopback function and the transmission of TD_output messages by the Transmit
fanction, and shall send the CS0 signal on the CI circuit. This shall continue until outpui_idie has been
centinupusly present on the DO cireuit for a time ‘unjab’, The value of ‘unjab’ shall be 0.5 ms + 0.25 s,

It is permissible to activate the Jabber function when the TD civcuit transmitier is sending T'D_output
messages for longer than 'xmit_max’,

The MAU shall not activate its Jabber function when the repeater's MAU Jabber Lockup Protection
function operates at its longest permitted time as specified in 9.8.5,

14.2.1.7 Link Integrity Test Function Requirements. In order to protect the network from the con-
sequences of a simplex link segment failure, the MAU shall monitor the RD civeuit for RD_input and link
test pulse activity. If neither RD_input nor a link test pulse is received for a time link_losy’, the MAU shall
enter the Link Test Fail state and cause the input_idle message to be sent on the DI circuit and the
TD_idle message to be sent on the TD cirevit (Mg 14-6). The value of ‘link_loss' shall be between 50 ms and
150 ms, When RD_input or a number le_max’ of consecutive link test pulses is received on the RD cireuit,
the MAU shall exat the Link Test Fail state. The value of lc_max’ shall be between 2 and 10 inclusive.

Only link test pulses that occur within time ‘link_test_muox’ of each other shall be considered consecutive.
The value of link_test_max’ shall be between 25 ms and 150 ms. In addition, detected pulses that occur
within a time ‘%link_test_min’ of a previous pulse or packet shall be ignored while in the Link Test Pass
state. In the Link Test Tail state, such pulses shall reset the counted number of consecutive link test pulses
to zero. The value of ‘link_test_min’ shall be between 2 ms and 7 ms. Re-enabling shall be deferred until
the signals on the RD and DQ circuits become idle. The MAU shall not detect a link test pulse as D _input.
Additionally, a MAU may exit the Link Test IPail Extend state and enier the Link Test Pass state when the
RD circuit becomes idle and the Jabber function hag disabled transmission on the TD circuit.

While the MAU is not in the Link Test Pasa state, the Link Integrity Test function shall disable the bit
transfer of the Transmit, Receive, and Loopback functions, and the Collision Presence and SQE Test fune-
tions.

At PowerOn, in place of entering the Link Test Pass state as shown in Fig 14-6, 8 MAU may optionally
enter the Link Test Fail Reset state.

If a visible indicator is provided on the MAU to indicate the link statusg, it it recommended that the color
be green and that the indicator be labeled appropriately. [t is further recommended that the indicator be on
when the MAU is in the Link Test Pasa state and off otherwise.

14.2.2 PMA Interface Mesaages. The messages between the PLS in the DTE and the PMA in the MAU
shall comply with the PMA interface messages described in 7.2.1. These messages also are used in repeater
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unit to PMA eommunication, These and the messages between the PMAS over the MDI ave summarized
helow.

14.2.2,1 PLS to PMA Messages. The following messages are sent by the PLS in the DTE or repeater
{o the PMA in the MAU:

Message Circuit Sieng Vieaning
oulput DO CD1,CDo Output information
output_tdle DO IDL No data to be output

14,2.,2.2 PMA to PLS Messages. The following messages ave sent by the MAU {o the PLS in the DTE
or repeater:

Moessage Cirenit Signal Meaning

input DI CD1,CD0 Input information
input_idle DI IDL No information to input
man_avatlable CI IDL MAU is available for output
signal_guality_error  CI CS0 Error detected by MAU

Retiming of CD1 and CDO signals within the MAU is neither prohibited nor required. Considerable jitter
may be pregent (see 14.3.1.3.1).

14.2,2.3 PMA to Twisted-Pair Link Segment Messages

Meszage Cireuit Signal Meaning
TD_output TD CD1,CBo Output information
TD idle ™ TP_IDL No information to output

The encoding for TP_IDL is defined in 14.2.1.1. The encoding for CD1 and CDO is the same as that used
on the AUL Retiming of CD1 and CDO signals within the MAU is neither prohibited nor required.

14.2.2.4 Twisted-Peir Link Segment to PMA Messages

RD_input RD CD1,CDo Input information
RD_idle RD TP_IDL No infermation to input,

The encoding for TP_IDL is defined in 14.2.1.1. The encoding for CD1 and CDO is the same as that used
on the AUL

14,2.2.5 Interface Message Time References, Delay and bit loss specifications are measured from
the accurrence of messages at the MDI and MAU AUI The following deseribes the point where each mes-
sage starts:

Message Reference

output leading bit cell boundary (BCB) of first valid CD1 or CD(Q
output_idie last positive-going transition prior to start of IDL
input leading BCB of first valid CD1 or CDO

input_idle last positive-going transition prior Lo start of IDL
signal_quality_error first transition of valid amplitude

man_gvaileble last positive-going transition prior to start of IDL
TD_output leading BCB of first valid CD1 or CDO

TD _idle last positive-going transition prior to start of TP_IDL
D _output leading BCB of first valid CD1 or CDO

RD_idle last positive-going transition prior to start of TP_IDL
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14.2.3 MAU State Diagrams. The slate diagrams of Figs 14-3, 14-4, 14-5, and 14.G depici the full sei of
aflowed MAU state functions relative fo the circuits of the AUI and M1,

The notation used in the state diagrams follows the conventions in 1.2.[. The variables and timers vsed
in the state diagrams are defined in the following sections.

14.2.8.1 State Diagram Variables, Variables ave used in the state diagrams to indicate the stotus of
MAU inputs and outputs, to control MAU operation, and to pass state information hetween functions.

In the variable definitions, the name of the variable is followed by a brief description of the variable and
a list of values the variable may take. For those varinbles that are siate diagram outputs, one value will be
identified s the default. The variable has the default value when no active state contains a ferm assigning
a different value.

TFor example, the variable 'xmit' has the value ‘disable’ whenever the Jabber function or the Link Integ-
rity Test function is in a state that asserts ‘xmit=disable’. The variable hag the defaull value ‘enable’ nl
other times,

The variables used in the state diagrams are defined as follows:

¥, Controls the signal sent by the MAU on the DI circuit.
Values: idle; MAU is sending input_idle, IDL (default),
DO; MAU sends the signal received on the DO cireuit.
Iphk = disable overrides this and cauvses inpui_idle {0 be sent.
RD; MAU sends the signal received on the RE cireuit.
rev = disable overvides this and causes input_idle to be zent.

Y. Controls the signal sent by the MAU on the CI cirenit.
Values: idle; MAU sends mau_ovailable, IDL (default).
SOE; MAU sends signal_guality_error, C80.

30, Status of the signal received by the MAU on the DO circuit.
Values: idle; MAU is receiving output_idie, 1DL.
active; MAU is reeeiving output, CDO or CD1.

TH, Controls the signal sent by the MAU on the TD eircuit.
Values: idle; MAU sends TD_idle, TP_IDL {default).
DO; MAU sends the signal received en the DO cireuit.
xmit = disable overrides this and causes TD_idle to be sent.

RD. Status of the signal received by the MAU on the RD cireuit,
Values: idle; MAU is receiving silence or a Hnk test pulse.
active; MAU is detecting signals which meet the requiremients of 14.3.1 3.2,

link_fest_rew Status of the link test signal received by the MAU on the RD cireuit.
Values: false; MAU is not detecting o link test pulse.
true; MAU is detecting a link test pulse.

link_count. Count of the humber of consecutive link test pulses reccived while in the Link Iail state.
Values: non-negative integers.

le_max. The number of consecutive Hink test pulses required before exit from the Link Fail state.
Values: positive integer between 2 and 10 inclusive.

reve Controls the path from the RD circuit Lo the DI cireuit.
Values: cnable; receive is enabled (defanld),
disable; the output to the DI civeuit is input_idle when DI=RD.

Ipbk. Controls the path from the DO cirenit to the DI cireuit,
Values: cnable; loopback is enabled (default).
disable; the output to the DI cireuit is inpiz_idle when DI=D0.

xmit. Controls the path from the DO circuit to the TD circuit.
Values: enable; transmit is enabled {defzult).
disable; transmit is disabled and the signal sent on ¢he TD circuit is TP_1DL.
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e D=0
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COLLISION
s TD=DO
& DI=RD
¥ CI=50QC
DO=gclivexRD=idle DO=idle
Fig 14-3

MAU Transmit, Receive, Loopkack, and Collision Presence Funcilions State Diagram
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PowerOn
b

OUTPUT IDLE

DO=active

QUTPUT DETECTED

DO=idle

SQE TEST WAIT

[start BQE__fest,,
wall_ timer}

xmit=disable SQE_test_wait__timer___dona#
xmit=enabie

SQE TEST

o Cl=$QF
{start SQE_test_lmar]

SQE__test_timer__done

Fig 14-4
sigral_guality_error Message Test Funetion Btate Diagram

14.2.3.2 Siate Diagram Timers. All timers operate in the same fashion. A timer is reset and starts
counting upon entering a state where ‘start x_timer' is asserted. Time %’ after the timer has been started,
x_timer_done’ is asserted and vemains asserted until the timer is reset. At all other fimes,
% _timer_not_done’is asserted.

When entering a state where ‘start x_timer’ is asserted, the timer is reset and rostarted even if the
entered state is the same as the exited state; for example, when in the Link Test Pass state of the Link
Integrity Test function state diagram, the link_logs_timer’ and the ‘link_fest_min_timer’ are reset each
time the term ‘RD = active + (link_test_rcv=true » ink_test_min_timer_done)' is satisfied.

link_lose_timer. Thner for longest time input activity can be missing before the MAU determines that s
link fail condition exists (14.2,1.7).
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NO OUTEUT
DO=active

HON-JABBER OUTPUT

{start xmli_ max__timer)

DO=idlo

DO=actlvesx
xmit__max__timer__dono

&

JAB

@ xmit=disable
2 ipbk=disable
@ Cl=8QF

DO=ldie

UNJAR WAIT

#» xmlt=disable
o ipbk=disable
e CI=SQE

[start unjab_ timer]

unjab__timer__done

DO=gactiva#
unjab__{imer_not_ done

Fig 14-

&

Jabber Function Staie Diagram

Iinlk test min_timer. Timer for the minimum time between valid link test pulses (14.2.1.7),

fink test_max_timer. Timer for maximum time input activity can be missing before Link Fail state is

exited (14,2.1.7).

S@¥_test_timer. Timer for the duration of the CS0 signal used for the SQE Test funetion (14.2.1.5).

SQE_test wait_timer Timer for the delay from end of packet to the start of the CS0 signal used for the

SQI Test function (14.2.1.5).

10 be re-enabled (14.2.1.6). -
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smnit_max_timer. Timer for excessively long transmit time (14.2.1.6).

unjab_timer, Timer for the length of time the DO circuit must be continuously idle to allow transmission
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max__timar
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@ Ipbk=disnbla
& rey=dlonble
Rb=actlve+ tink _test_min_limer__donox
llnk__count = Hnk _tasl__reveirue
lo_fnk
LIHK TEST FAIL
EXTEND {RD=Idio#llnk_test__max_ lmer_donal+
Hink_test_min_timer__nrot_dons#
o umitzdlanble link_lesl__revairus)
2 Ipbk=disable
u rov=dlopble

| mostaexposide

Fig 14-6
Link Integrity Test Function State Diagram

14.3 MAU Elecirieal Specifieations. This section defines the electrical characteriztics of the MAU at the
MDI and the AUIL The MAU shall also meet the AUI requirements specified in Section 7 when the AUl is
implemented.

Additional information relative to conformance testing is given in A4.3,

The ground for all common-mode tests is civeuit PG, Protective Ground of the AUL In implementations
without an AUI, chassis ground is used as circuit PG. All components in test cirenits shall be £1% unless
otherwise stated.
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14.3.1 MAU-te-MDI Interface Characteristics

143.1.1 Isolstion Hequirement. The MAU shall provide jsolation between the DTE Physical Layey
cirenits ineluding frame ground and all MDI leads including those not used by 10BASE-T. This electrical
separation shall withstand at least one of the following electrical strength tests.

(1) 1500V rms at 50 Hz to 60 Hz for 60 5, applied as speecified in Seetion 5.3.2 of IEC Publication
950 [8].

(2y 2250 Vdc for GO 5, applied as specified in Section 5.3.2 of TEC Publication 950 [8].

(3) A sequence of ten 2400 V impulses of alternating polarity, applied at intervals of not less than 1 5.
The shape of the impuises shall be 1.2/50 us (1.2 ps virtual front time, 50 ps virfual time of half
value), as defined in IBC Publication 60 [11],

There shall be no insulation breakdown, as defined in Section 5.3.2 of IEC Publication 950 18], during
the test. The resistance after the test shall be at least 2 MO, measured at 500 Vde.

14.3,1.2 Fransmitter Specifications, The MAU shall provide the Transmit {unction specified in
14.2,1.1 in accordance with the electrical specifications of this section.

‘Where a Joad is not specified, the fransmitter shall meet requirements of this section when connected to
a 100 £ resistive load. The use of 100 Q terminations simplifies the measurement process when using 50 O
measurement equipment as 50 £ to 100 Q impedance matching transformers are readily available,

Somae tests in this section require the use of an equivalent cirenit that models the distortion introduced
iy a simplex link segment. This bwisted-pair model shall be construcied actording to Fig 14-7 with compo-
nent Lolerances as {ollows: Resistors, £1%; capacitors, 5%, inductors, £10%, Component tolerance specifi-
cations shall be met from 5.0 MHz to 15 MHz. For all measurements, the TD cireuit shall be connected
through a balun to Section 1 and the signal measured across a load connected to Seetion 4 of the model.
The balun shall not affect the peak differential output voltage specified in 14.3.1.2.1 by more than 1% when
inserted belween the 100 Q resistive load and the TI) eirenit,

The insertion loss of the twisted-pair model when measured with a 100 £ source and 100 £2 load shall be
between 9.70 dB and 10.45 dB at 10 M1z, and between 6.50 dB and 7.05 dB at 5 MHz.

Section 1 Section 2 Section 3 Seciion 4

226 4

Renlstances are in O
NOTE: Care must be taken that layout and parnsitics Capucitences are in pf
do not execed B, C, and L foleranca vnlues. Inductancen ore in uH

Fig 14-7
Twisted-Pair Model

T
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14.3.1.2.1 Differential Cuiput Voltage, Some of the text and figures of this section deseribe the dif
ferential vollage in terms of magoitudes. These requirements apply Lo negative as well as positive pulses,
The peak differential voitage on the TD circuit when terminated with a 100 © resistive load shail be
between 2.2 V and 2.8 V for all data sequences, When the DO circuib is driven by an all-ones Manchester-
encoded signal, any harmonic measured on the TD civeuit shall be at least 27 dB helow the fundamental.

NOQTE: The specifiention on maximum spectral components is not intended to ensure compliance with regulationy cencerning RF
emissions, The implementor should consider any applicable loral, natienal, or internaticnal regulations. Additional fillering of spee-
tral componenta mny therefore be necegsary.

The output signal V, is defined at the output of the twisted-pair model as shown in Fig 14-8. The TD
fransmitter shall provide equalization such that the output waveform shall fall within the template shown
in Fig 14-8 for all data sequences. Voltage and time coordinates for inflection points on Fig 14-9 are given in
Table 14-1. (Zero crossing points are different for external and internal MAUs. The zero crossings depicted
in TMig 14-¢ apply to an external MAT.) The temaplate voltage may be scaled by a factor of 0.9 to 1.1 but any
scaling below 0.9 or above 1.1 shall not be allowed. The recornmended measurement procedure is described
in A4.3.1. Time t = 0 on the template represents a zero crossing, with positive slope, of the output wave-
form, During this test the twisted-pair model shall be terminated in 100 Q and driven by a transmilter
with a Manchester-encoded pseudo-random sequence with a minimum repetition period of 511 bits.

‘Balun

.f—- . .
Twisted-Pair

V,

> T-D Model Load Vo

Do

Fig 14-3
Differential Cutput Voltage Test

B N
1.0 .
. .
0.8
Z - P
. G
06 — H
= D ! = o U/
s
04 O — B 7 .
- o z
E 0.2 - “
T} 7 K
< 00 ~¥a F 1 J i
3 ( '
= -02 5
. /"
-0.4 £
; LK U
0.6 - -~ < <
OB 'f/’r?/’,) = e
‘ L
. .
10 & ///:/ 5 /_? '
¢} 10 20 30 40 50 GO 70 80 90 100 110
TIME (ns)

EXTERNAL MAU

Fig 14-9
Voltage Template
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Table 14-1
Voltage Template Volues for IPig 14-9

Time (ng)
Reference External MAU Toternnd MAU Vaoltage (V)

A a 0 0

B 15 15 1.G
C 15 15 0.4
D 26 25 0.55
I 32 32 045
F 42 39 0

G 57 57 ~1.0
H 48 48 0.7
I 67 G7 0.6
J [tF] 68 0

K T4 74 ~-0.65
L 73 3 ~0.65
M 58 51 0

N 85 a5 1.0
o] 100 100 .4
P 110 110 0.75
Q 11 131 0.15
R 108 it 0

8 111 11 0,15
T 110 110 ~1.0
u 100 oD -0.3
v 110 110 -0.7
W 90 90 ~0.7

This test shall be repeated with the template inverted about the time axis, In that case, t = 0 on the tem-
plate represents a zero crosging, with negative slope, of the output waveform. When testing an externanl
MAU the input waveform to the DO cireuit of the MAU shall contribute no more than 0.5 ns of jitter.
Adherence to this teraplate does not verify that the requirements of 14.3.1.2.8 are met. (See A4.3.3 for mod-
ification of the template to test jitter.)

The TP _IDL shall always start with a positive waveform when a waveform conforming to Fig 7-12 is
applied to the DO circuit. If the last bit transmitted was a CD1, the last transition will be at the bit cell
center of the CD1. If the last bit transmitted was a CDO, the PLS will generate an additional transition at
the bit cell boundary following the CDO. After the zero crossing of the last transition, the differential volt-
age shall remain within the shaded area of Fig 14-10. Once the differential voltage has gone more negative
than ~50 mV, it shall not exceed +50 mV, The template requirements of Fig 14-10 shall be met when mea-
sured across each of the test loads defined in Fig 14-11, both with the load connected directly to the TI cir-
cuit and with the load connected through the twisted-pair model as defined in Figs 14-7 and 14-8.

The link test pulse shall be a single positive (TD+ lead positive with respect to TD- lead) pulge, which
falle within the shaded area of Fig 14-12. Once the differential output voltage has become more negative
than —50 mV, it shall remain legs than 150 mV. The template requirements of Fig 14-12 shall be met when
measured across each of the test loads defined in Fig 14-11; both with the load connected directly to the TD
circuit and with the load connected through the twisted-pair model as defined in Figs 14-T and 14-8.
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- G Y
i |
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Fig 14-10
Transmilier Wavelorm for Siart of TP_IDL
Ly
= = 21 s
180 yH 7680 220 it "§ ToCh
A,
Loag 1 Laad 3 L Definlifon

All parametors nve defined over the frequency ronge of 250 KHz o 6 MH2,
L,=Lti% R, 7 2k
Co=12pF:20% R,5050Q

Fig 14-11
Stavt-ofTP_IDL Test Load

14.3.1.2.2 Transmitter Bifferential Ouipui Impedance. The differential outpul impedance ag
measured on the TD circuit shall be such that any reflection, due to differential signals incident upon the
TD circuit from a simplex link segment having any impedance within the range specified in 14.4,2.2, shall
be at least 15 dB below the incident, over the frequency range of 5.0 MHz to 10 Mz, This return loss shall
be maintained at all times when the MAU is powered, including when the TD eirenit is sending TP_IDL.

14.8.1.2.3 Cutput Timing Jitter, The transmitter output jitter is measured at the outpul of the
twisted-pair model terminated in a 100 Q load, as shown in Fig 14-8. The jitter added to the signal on the
DO circuit as it propagates through the MAU and the twisted-pair model shall be no more than 43.5 ns.

.
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Tig 14-12
Transmitier Wavelorm for Link Test Pulse

Additionally, the MAU shall add no more than 48 ns of jitter to the signal received on the DO circuit when
the TD circuit is divectly driving a 100 O resistive load.

14.3.1.2.4 Transmitter Impedance Balance, The commoen-mode to differentisl-mode impedance
balance of the TD circuit shall exceed 29 — 17 logolf/10} dB (where [ is the frequency in MHz) over the fre-
queney range 1.0 Mz to 20 MHz. This balance is defined as 20 logy(E,/Bg;p, where B, is an externally
applied sine wave vollage as shown in Fig 14-13.

MOTE: The balance of the test equipment (such as the matching of the 147 € resistors) must exceed that reguired of the tranmnitter,

14.3.1.2.5 Common-Mode Output Voltage. The magnitude of the total common-mode output volt-
age of the transmitter, &,,,, measured a5 shown in Fig 14-14, shall be less than 50 mV peak.

NOTE: This specification is not intended to ensure compliance with regulations eoncerning RF emisgions, The implementor should
consider any applicable loeal, nolional, or international regulations, Driving vashielded (wisted pairs with high-frequency, common-
made voltages may result i interference ts other equipment.

14.3.1.2.6 Deansmitier Common-Mode Rejection. The application of ,,,, as shown in Fig 14-13,
shall not change the differential voltage at the TD eireuit, Ly, by more than 100 mV for all data
sequences. Additionally, the edge jitter added by the application of E,, shall be no more than 1.0 ns. E_,,
shall be a 15 V peak 10.1 MHz sine wave,

14.3.1.2.% 'Transmifier Faull Tolerance. Transmillers, when either idle or non-idle, shall with-
stand without damage the application of short eireuits across the TD circuit for an indefinite period of time
and shall resume normal operalion after such faults are removed. The magnitude of the eurrent through
such a short circuit shall not exceed 300 mA.
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Transmitters, when either idle or non-idle, shall withstand without damage a 1000 V common-mode
impulse applied at B, of either polarity (as indicated in INg 14-15). The shape of the impulse shall be 0.3/
50 ps (300 ns virtual front lime, 50 ps virtual time of half value), as defined in [EC Publication 60 {11].

&
R
147 1
E aif § 143 0 O
R
147 N
Eem
&
¥
S O
Fig 14-13

Transmitter Impedance Balance and Common-Mode Rejection Test Cireuit

489 1 | Eem

O

_ Tig 14-14
‘Common-Mode Quipui Voltnge Test Circuit
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Fig 14-15
Transmitter Fault Tolerance Teat Cireuit

14.3.1.9 Receiver Specifications. The MAU shall provide the Receive function specified in 14.2.1.2
in accordance with the electrical specifications of this section,

14,3.1.8.1 Receiver Differential Input Stgnals. Differential signals received on the RD circuit
that are within the envelope of Fig 14-16 and 14-17, and have a maximum zero crossing jitter up fo
413.5 ns from the ideal shall be sent to the DI circuit. The 13.5 ns includes jitter caused by an encoder, AUI
cable and transmitting MAU, the twisted pair, and noise. Additionally, the MAU receiver shall add no more
than +1.5 ng jitter to the receive signal hefore sending the signal o the DI circuit.

14.3.1.3.2 Receiver Differential Noise Irmraunity. The receiver, when presented with Manches-
ter-encoded data meeting the requirements of 14.3.1.8.1, shall send this data to the DI civcuit with a bit
loss of no more than that specified in 14.2.1.2. In addition, the receiver, when presented with a signal meet-
ing the requirements of 14.2.1.1 and within the envelope of Fig 14-12, shall accept it as a link test pulse.

The receiver, while in the Idle state, shall veject as RD_input the following signals:

(1) Al signals that when measured at the output of the following filter would produce a peak magni-
tude less than 300 mV. The filter is a 3-pole low-pass Buiterworth with a 3 dB cutoff at 15 MHz

(refer to A4.2).
(2 All continuous sinuseidal signals of amplitude less than 6.2 V peak-to-peak and frequency less than
2 MHz.

(3) All sine waves of single cycle duration, starting with phase 0 or 180 degrees, and of amplitude less
than 6.2 V peak-to-peak where the frequency is between 2 MHz and 15 MHz. For a period of 4 BT
hefore and after this single cycle, the signal shall be less than 300 mV when measured through the
filter specified in (1) above.

14.3.1,3.8 Idle Input Behavior. The idle condition shall be detected within 2.3 BT of the last low-
to-high {ransition at the receiver. The receiver shall take precautions to ensure that the high-to-silence
transition of the start of idle is not falsely interpreted as a silence-to-non-idle-transition, even in the pres-
ence of signal droop, overshoot, ¥inging, slow voltage decay, or a combination thereof due to capacitive and
inductive effects in the transmitter, ink segment, and receiver.
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Fig 1416
Reeeive Differentizl Input Voliage—MNarrow Pulse
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Fig 1417
Receiver Differential Input Voltage—Wide Pulse

14.3.1.3.4 Reeeiver Differential Inpui Impedance. The differentinl input impedance shall he
such that any reflection, due to differential signals incident upen the RD circuil from a twisted pair having
any impedance within the range specified in 14.4.2.2 shall be at least 15 dB below the incident over the fre-
quency range of 5.0 MHz {0 10 MHz. The return loss shall be maintained when the MAU is powered,

14.3.1.3.5 Common-Mode Rejection. Receivers shall assume the proper state on DI for any differ-
ential input signal I, that results in a signal 8y, that meets 14.3.1.3.1 even in the presence of common-
mode voltages B, (applied as shown in Fig 14-18), B,,, shall be a 25 V peak-to-peak sguare wave, 500 kHz
or lower in frequeney, with edges no slower than 4 ns (20%-80%). Additionally, By, shall contribute no
more than 2.5 ns of edge jitter to the signal transmitted on the DI circuit. The combination of the receiver
timing jitter of 14.3.1.3.1 and the common-mode induced jitter are such that the MAU shall add ne more
than 4.0 ns of edge jitter to B, before sending the signal on the DI circuit.
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Fig 14-18
Receiver Common-Mode Rejection Test Cireuit
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Fig 14-19

Common-Mode Impulse Teat Circnit

14.3.1.8.6 Receiver Fauwlt Tolerance. The receiver shall tolerate the application of short circuits
between the leads of the RD civeuit for an indefinite period of time without damage and shall resume nor-
mal operation after such faults are removed. Receivers shall withetand without damage a 1000 V common-
mode impulse of either polarity (Ej,pyis, as indicated in Fig 14-19). The shape of the impulse shall be 0.3/
50 ps (300 ns virtual front time, 50 ps virtual time of half value), as defined in IEC Publication 60 [11]. ;

14.3.2 MAU-to-AUI Bpecificztion. When a MAU contains a physical AUI connector, the following spec-
ifications shall be met.

14.3.2.1 MAU-AUY Elecivical Characteristics. The electrical characteristics for the driver and
receiver components within the MAU that are connected to the AUI shall be identical to those specified in
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7.4 and 7.5, Additionally, the AUI DO receiver, while in the Idie state, shall reject an inpui waveform of less
than £1860 mV differential.

14.3.2.2 MAU-AUI Mechanical Connection. The MAU shall be provided with a 15-pin male connec-
tor ag specified in 7.6,

14.2.2.3 Power Conswmption, Following PowerOn, the surge current drawn by the MAU shall be

such that I, x T, is less than ar equal f0 2 x 10~ ampere-seconds, where 1, is the peak surge current and
T., is the time during which the current exceeds the larger of 0.5 A or 0.5 x L. After the 100 ms following
PowerOn, the current drawn by the MAU shall not exceed 0.5 A when powered by the AUL

The MAU shall be capable of operating from all possible voltage sources, including those current limited
to 0.5 A, as supplied by the DTE or repeater through the resistance of all permissible AUT cables.

The MAU shall not introduce extraneous signals on the TD, CI, or DI circuits during normal power-up
and power-down,

14.4 Cheavracteristics of the Simplex Link Sepment. Except where otherwise stated, the simplex link
segment shall be tested with source and load impedances of 100 Q.

14.4.1 Overview. The medium for 10BASE-T is twisted-pair wiring. Since a significant number of
10BASE-T networks are expected to be installed utilizing in-place unshielded telephone wiring and typical
telephony installation practices, the end-to-end path including different types of wiring, cable connectors,
and cross connects must be considered. Typically, a DTE connects to a wall cutlet using a twisted-pair
patch cord. Wall outlets connect through building wiring and a cross connect to the repeater MAU in a wir-
ing closet.

NOTE: EIA/TIA 568 (1991) [A19] provides specifications for medin and installution practices suitable for use with this standard.

14.4.2 Tranmnission Parameters, Bach simplex link segment shall have the following characteristics.
All eharacteristics specified apply to the total simplex link segment unless otherwise noted. These charac-
teristics are generally met by 100 m of unshielded twisted-pair cable composed of 0.5 mm [24 AWG]
twisted pairs.

14.4.2.1 Insertion Loss, The insertion loss of a simplex link segment shall be no more than 11.5 dB at
all frequeneies between 5.0 and 10 MHz. This consists of the attenuation of the twisted pairs, connector
losses, and reflection losses due to impedance mismatches between the various components of the simplex
link segment. The insertion loss specification shall be met when the simplex link segment is terminated in
source and load impedances that satisfy 14.3.1.2.2 and 14.3.1.3.4.

NOTE: Multipair PVC-insulated 0.5 mm {24 AWG] cable typically exhibils an attenuation of 8 dB to 10 dB/100 m at 20 *C, The loss of
PVC-insulated enble exhibits significant temperalure dependence, At temperatures greater than 40 °C, it may ba necegsary to ube a
less tempoerature-dependent enble, such as mast plenum-rated cablea,

14.4.2.2 Differential Characteristic Impedanece. The magnitude of the differential characteristic
impedance of a 3 m length of twisted pair used in a simplex link segment shall be between 85 Q and 111 Q
for all frequencies between 5.0 MHz and 10 MHz. Since characteristic impedance tends to decrease with
increasing frequency, the above requirement is generally implied by the condition that the magnitude of
the characteristic impedance over the frequency band 1 Mz to 16 MHz is 100 © 1 15 ©. Also, the magni-
tude of the input impedance averaged over the 5.0 MHz to 10 MHz frequency band of a simplex link seg-
ment terminated in 100 £ shall be between 85 Q and 111 Q.

14.4.2.8 Medium Timing Jitter Intersymbol interference and reflections due to impedance mis-
matches between tandem twisted pairs of a twisted-pair link segment and effects of connection devices can
introduce jitter to the CD1 and CDO signals received on the BD circuit. No more than 45.0 ns of jitter shall
be introduced to a test signal by a simplex link segment. The test signal shall have a peak amplitude of
3.0 V and 10% to 90% rise and fall times of 12 ns. The content of the test signal shall be a Manchester-
encoded pseudo-random sequence with a minimum repetition period of 511 bits.

NOTE: Branches off a twisted pair (ofto;: referred to ns “bridged taps” or "stubs™) will generally cauge excessive jitter and go should be
avoided. .
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14.4.2.4 Delay. The maximum propagation delny of twisted pair shall be 5.7 ns/m (minimum veloeity
of 0.585 % ¢). The maximuin prapagation delay of a link segment shall not exceed 1000 ns.

14,4.3 Coupiing Paramcters. To avoid excessive coupling of signals hetweoen twisted pairs of a twisted-
pair cahle, the crosstalk must be limited. Crosstalk loss is specified for the twisted pairs in a bwisted-pair
cable or twisted-pair cable binder group that are used as 10BASE-T twisted-pair links. Crosstalk loss is
gpecified with the far ends of both the disturbed and the disturbing pairs and the near end of the disturbed
pair terminated in 100 Q. Drivers of disturbing pairs shall have a source impedance of 100 Q.

14.4.3.1 Differentinl Near-Eund Crosstalk (MEXT) Loss. The NEXT loss hetween any bwo twisted
pairs of a twisted-pair cable is dependent upon the geometry of the Lwisted-pair cable. Since the proximity
of any two twisted pairs is influenced by the size of the twisted-pair cable, the NEXT loss is affected by
twisted-pair cable size.

14.4.3.1.1 Tweniy-Five-Pair Cable and Twenty-Five-Fair Binder Groups. The NEXT loss
between any bwo twisted pairs in a twenty-five-pair twisted-pair cable or binder group used for 10BASE-T
applications shall be at least 30 - 15 log(f/10) dB (where £ is the frequency in MHz) over the {requency
range 5.0 MHz and 10 MHz,

14.4.3.1.2 Four-Pair Cable. The NEXT loss between any two twisted pairs in a four-pair twisted-
pair cable used for 10BASE-T applications shall be at least 26 ~ 15 lagy ({710} dB (where { is the frequency
inn MHz) over the frequency range 5.0 MHz and 10 M1z

14.4.8.1.8 Other Cables, The NEXT loss requirement for all other twisted-pair eables shall be the
multiple-disturber NEXT loss of 14.4.3.2,

14.4.3.2 Multiple-Disturber NEXT (MDNEXT) Loss. When a twisted-pair cable or twisted-pair
cable binder group contains twisted pairs from multiple 10BASE.T twisted-pair link segments, the multi-
ple-disturber crosstalk loss is dependent upon the specific selection of disturbing and disturbed pairs. For
cach 10BASE-T receive pair, MDNEXT is measured by having the remaining near-end transmit pairs
(excluding the transmit pair associated with the receive pair under test) driven with identical and synchro-
nized sine wave signals. MDNEXT may then be determined from the signal level observed on the receive
pair under test. By examining all pair combinatiens with a fized number of disturbers, a cumulative distri-
bution of MDNEXT is obtained at each frequeney of interest. The one percentile of this cumulative distri-
bution shall be at least 23 — 15 log;(f/10} (where { is the frequency in MHz) at 5.0 MHz, 7.5 MHz, and
10 MHz. When the number of possible combinations allowed by a cable is fewer than 100, the MDNEXT
loss for all combinations shall be at least 23 — 15 log,o{/10} (where f is the freguency in MHz) at 5.0 MHz,
7.5 MHz, and 10 MHz. Refer to 12.7.3.2 and Appendix A3 for a tutorial and method for estimating the
MDNEXT loss for a complete n-pair cable.

14.4.4 Moise Environment. The noise level on the link segments shall be such that the objective error
rate is met. The nojse environment consists generally of two primary contribotors: crosstalk from other
10BASE-T circvits; and externally induced impulse noise, typically from telephone ringing and dialing sig-
nals, and other office and building equipment.

14.4.4,1 Impulse Noise. The average rate of occurrence of impulses greater than 264 mV shall be less
than or equal to 0.2/5 as measured at the output of the following specified filter. Tollowing the start of any
particular impulse that is counted, any additional impulse shall be ignered for a period of 1 us. The simplex
link segment shall be terminated at the far end in 100 Q. The filter is a 3-pole Butterworth low-pass with a
3 dB cutofl at 15 MHz (refer to Ad.2).
NOTE: Typieally, the impulse noise occurrence rate changes inversely by one docade for caeh 5 dB to 5 dB change in the threshold
voltage. IT a count rate of W countals js measured on n specific veisted pair and filter nt the specified voltage threshold, the media

poise margin is approximately 7 logp(0.2/N) dB. Impuise noise may be a burst phenomenon and should be mensured ever an
extended peried of time.

14.4.4.2 Crosstalk Noise. The level of crosstalk noise on a simplex link segment depends on the level
of the disturbing signal(s) and the crosstalk loss between the pair(s) carrying the signal(s) and the dis-
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turbed pair, With the maximum {fransmit level (14.3.1.2), the sinusoidal crosstalk loss (14.4.3.2), and mul-
iiple, random Manchester-encoded disturbers, the peak selficrosstalk noise levels as measured at the
aufput of the following specified filier shall be less than or equal to 264 mV. The filler is a 3-pole Butter-
worth Tow-pags with a 3 dB cutoff at 15 MHz (refer to A4.2).

145 MBI Bpeciiicaiion. This section defines the MDI for the twisted-pair link segment. The link topolegy

requires a cressover function belween PMAs. Implementation and location of this erossover is also defined

in this section.

14.5.1 MIDI Connectors. Bight-pin connectors meeting the requirements of Section § and Figures 1-5 of |

150 8877 [20] shall be used as the mechanical interface to the twisted-pair link segment. The plug cannec-
tor shall be used on the twisted-pair link segment and the jack on the MAU. These connectors are depicted

(for informational use only) in Figs 14-20 and 14-21. The following table shows the assignment of signals Lo :

connector contacts,

CONTAGT MDI SIGNAL

TD+

TD-

RD+

Not uged by 10BASE-T
Not used by 10BASE-T
RD-

Not used by 10BASE-T
Not used by 10BASE-T

’23‘5573 /

W~ Gy L & Wb

Fig 14-20
MAU MDI Connect

. Fig 1421
Twisted-Pair Link Segment Conneetor
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14.6.2 Crossover Funclion, A crossover fanciion shall be implemented in every twisted-pair link. The
erossover function connects the transmitter of one MAU 1o the receiver of the MAU at the other end of the
twisted-pair linlk. Crossover funclions may be implemented internally to 5 MAU or elsewhore in the
twisted-pair link. For MAUs that do not implement the crossover function, the signal names of 14.5.1 refer
to their own internal cireuits, For MAUs that do implement the crossover function, the signal names refer
to the remote MAU of the twisted-pair link, Additionally, the MDI conneetor for a MAU that implements
the crossover function shall be marked with the praphical symbol “¥”. Internal and exlernal erossover
functions are shown in Fig 14-22.

e —

T4 o] L TD+
; TD D ggw
RD+ — AD+ 4
< s >—
® kD~ — . Ap-
MAU J MAU

(n) External Crossover Fanciion

MDI MEB-X
g T4 mm—— T+ g
-{Ez TD- D~ 2
RO+ RO+ 3

RD- §-—
(b)Y MAU-Embedded Cressover Funetion

Fig 14-22
Crossover Funetion

When a twisted-pair link connects a DTT {o a repeater, it is recommended that the crossever be imple-
mented in the MAU local to the repeater. If both MAUs of a twisted-pair Xink contain internal crossever
functions, an additional exiernal crossover is necessary, It is recommended that the crossover be visible to
an installer from one of the MAUs. When both MAUs contain internal crossovers, it is furlther recom-
mended in networks in which the fopology identifies either a central backbone segment or a conbral hub
that the MAU furthest from the central element be assigned the external crossover to maintain
consistency.
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Implicit implementation of the crossover function within a twisted-pair cable, or at a wirfug panel, while
not expressly forbidden, is beyvond the scope of this standard.

14.6 System Considerations. The repeater unit specified in Section § forms the central unit for intercon-
necting 10BASE-T twisted-pair links in networks of more than two nodes. It also provides the means for
connecting 10BASE-T twisted-pair links to other 10 Mb/s baseband segments. The proper operation of a
CBMA/CD network requires network size to be limited to control round-trip propagation delay to meei the
requirements of 4.2.3.2.3 and 4.4.2.1, and the number of repeaters between any two DTEs to be limited in
order to limit the shrinkage of the interpacket gap as it travels through the network. Configuration rules,
which ensure that these limits are not exceeded, are given in Section 13,

14.7 Bavironmental Specifications

14.7.1 General Safety. All equipment meeting this standard shall conform to one of the following IEC
Publications: 380 [5], 435 [6], or 950 [8].

KOTE: For ISO/AEC B802-3 ; 1993, conformance shall ke to IEC 850 (81,

14.7.2 Network Safety. This section sets forth a number of recommendations and guidelines related to
safely concerns; the list is neither complete nor does it address all possible safety issues. The designer is
urged to consult the relevant local, national, and international safety regulations to ensure compliance

with the appropriate requirements,
LAN cable systems deacribad in this section are subject to at least four direct electrical safety hazards

during their installation and use. These hazards are as follows:

(1) Direct contact between LAN components and power, lighting, or communications eircuits,

(2} Static charge buildup on LAN cables and components.

(3) High-energy transients coupled onto the LAN cable system.

(4) Voltage potential differences between safety grounds to which various LAN components are
connected. ’

Such electrical safety hazards must be avoided or appropriately protected against for proper network
installation and performance. In addition to provisions for proper handling of these conditions in an opera-
tional system, special measures must be taken to ensure that the intended safety features are not negated
during installation of a new network or during modification or maintenance of an existing network. Isola-
tion requirements ave defined in 14.3.1.1.

14.7.2.1 Installation. Sound installation practice, as defined by applicable local codes and regulations,
shall be followed in every instance in which such practice is applieable.

14.7.2.2 Grounding. Any safety grounding path for the MAU shall be provided through the circuit PG
of the AUI connection.

WARNING: It is assumed that the equipment to which the MALU is attached is properly earthed, and not,
Ieft floating nor serviced by a “doubly insulated ac power distribution system.” The use of floating or insu-

lated equipment, and the consequent implications for safety are beyond the scope of this standard,

14.7.2.8 Installation and Maintenance Guidelines, During installation and maintenance of the
cable plant, care shall be taken to ensure that uninsulated network cable conductors do not make electrical
contact with unintended conductors or ground,

14.7.2.4 Telephony Voltages. The use of building wiring brings with it the possibility of wiring errors
that may connect telephony voltages to 10BASE-T equipmnent. Other than voice signals (which are low
voltage}, the primary voltages that may be encountered are the “battery” and ringing voltages. Although
there is no universal standard, the following maximums generally apply.
Battery voltage to a telephone line is generally 56 Vdc applied to the line through a balanced 400
source impedance. .
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Ringing veltage is a composite signal consisting of on ae component and a de component. The ac o
A ! . . . A : PO~
nent is up fo 175 V peak at 20 Hz to 60 Hz with a 100 Q source resistance. The de component is 56 Vile
with a 300 Q to 600 Q source resistance. Lavge reactive transients can ocour at the start and cod of gach
ring interval.

Although 10BASE.T equipment is not required to suyvive such wiring hazards without damage, applica-
tion of any of the above voltages shall not result in any safety hazard.
NOTIE; Wiring crrors may impose telephony voltapes differentially across 1UBASE-T transmitters ar receivers, Deravse the termina-
tion resistance likely to be presont acrose # receiver's inpul is of substantially lower impedance than an off-heolk telephone instru-
ment, receivers will generally appear to the telephone system as off-hook telephones, Therefore, full-ring vallages will be applied for

only short periods, Transmitters that ore coupled using transformers will similarly appear Jike offhook felephones (though perhaps a
bit. more slowly) due to the low resistance of the fransformer ceil.

14.7.3 Environmeni

14.7.3.1 Electromagnetic Emission. The fwisted-pair link shall comply with applicable local and
national codes for the limitation of eleclromaygnetic interference,

14.7.3.2 Temaperature and Humidity. The twisted-pair link is expected to operate over a reasonable

range of environmental conditions related to temperature, humidity, and physical handling (such as shock
and vibration). Specific requirements and values for these parameters are considered to be beyond the
scope of this standard.

It is recommended that manufacturers indicate in the literature associated with the MAU the operating
environmental conditions to facilitate selection, installation, and maintenance.

It is recommended that manufacturers indicate, in the literature associated with the componenis of the
twisted-pair link segment, the distance and operating environmental conditions over which the specifica-
tions of 14.4 will be met.

14.8 MAU Labeling. It is recommended that each MAU (and supporting documentation) be labeled in a
manner visible to the user with at least these parameters:

(1) Data rale capability in Mb/s,
(2) Power level in terms of maximum current drain (for external MAUs),
(3) Any applicable safety warnings.
See also 14.5.2,
14.9 Timing Summary. Table 14-2 summarizes the timing requirements for the 10BASE-T twisted-pair

link. This table is o summary; for complete descriptions of the timing reguirements, refer to the referenced
sections.
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Fable 14-2
Moximum Timing Parameters

Start-up Delay

Steady-
. State P
Symbol Funciion Bit Loast I(I‘;l?jxgd Propagetion  Masimum  Variabikity? Specified
4 Delay’ n
M1 RD _input to input on 50 1.0 2.0 8.0 2.0 14.2.1.2
DI
M2 output on DO to 2,0 1.0 2.0 5.0 2.0 14.2.1.1
TD_mutpiet
M3 RD_input * output to — — o 4.0 o 14.2.7.4
signal_quality_error
M4 RD_idle + output_idle — — — 9.0 — 14.2.1.4

(end of collision)}
ta mawu_available

5133 RD input * qutput to - — — 9.0 — 14,214
inpud on DI from circuit.
RD

M6 RD idle ® output to — e — 9.0 — 14.2.1.4
inpt oo DI from cireuit
DO

M7 auetput, fdle on DO to e — e Gex<ls — 14,216
signal_guality_crror

M3 signal_quality_error — s - §axelh - 14.2.1.6
duration for SQE test

M9 output on DO fo input 5.0 1.0 1.0 7.0 — 14.2,1.3
on DI

T twisted-pair 0 0 10.00 10.60 —_ 14424
propagation

Al AUT cable propagation i) 0 2.57 2.57 e 1.4.3.7
(60 my)

TAIl Time in BT,

*For an explanation of the meaning of variability, see 14.2.11 and 14.2.12.
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Annex
Additienal Reference Material

{This Annex is not & part of this International Standard butis o part ol ANSVIBER Std 8023, 1944.)

(A1 ANSI/EIA 364A-1937, Standard Test, Procedures for Low-Freguency {(Below 3 MHz) Flectrical Connee-
tor Tust Procedure.t?

[AZ] ANSVIREE Std 770X3.97-1683, IERE Standard Pascal Computer Programming Language.'®
iAS) Material from this reference is now incorporated into the base standard.
[A4] Material from this reference is now incorporated into the base standard.

[A5] ANSI/NFPA 70-1987, National Tlectrical Code. '

[A6] ANSI/UL 94-1985, Tests for Flammability of Plastic Materials for Parts in Devices and Appliances.'?

[A7] ANSI/UL 114-1982, Safety Standard for Office Appliances and Business Byuipmuent.
[A8] ANSI/UL 478-1979, Safety Standard for Blectroniec Data-Processing Units and Systems.
[AS} ECMA-97 (1985), Local Area Networks Safety Requirementg. 18

[A10] BIA CB8-1981, Components Bulletin (Cat 4) List of Approved Agencies, US and Other Countries,
Impacting Electronic Components and BEquipment.

[A11) FCC Docket 20780-1980 (Part 15), Technical Standards for Computing Equipment. Amendment of
Part 15 to redefine and clarify the rules governing restricted radiation devices and low-power communica-
tion devices. Reconsidered First Report and Order, April 1980.%

(A12] MIL-C-17F-1983, General Specification for Cables, Radia Frequency, Flexible and Semirigid.®?

1A13] MIL-C-243081R-1983, General Specifications for Connector, Electric, Rectangular, Miniature Polar-
ized Shell, Rack and Panel.

1A14) UL Subject No 758: UL VW-1, Description of Appliance Wiring Material.?t
{A15) AMP, Inc., Departmental Publication 5525, Design Guide to Coaxial Taps. Harvisburg, PA 17105,
[A18] AMP, Inc., Instruction Sheet 6814, Active Tap Installation. Harrisburg, PA 17105,

1411 ANSI publications are available from the Sales Depnetment, American National Standards Inslitute, 11 West 42nd Street,
New Yorlk, NY 10036, USA; E1A publications are avaitable from the Standards Sales Daparimen, Eleetronic Industries Aesocialion,
1001 Eye Street, NW, Washington, DC 20006, USA.

5 JEER publications are available from the Service Conter, Institote of Eleatrient and Electronics Engineers, 443 Hoes Lane, PO
oz 1331, Piscataway, NJ 08865-1331, USA.

16 NFPA publications are available from Publications Sales, National Fire Protection Assaciation, Batterymarch Park, Quincy, MA
02269-9101, USA.

1YL publications are available (rom Publications Sales, Underwriters Laboratories, Inc, 333 Plingston Rd., Northbrosk, 1L GON20,
USA.

5 BCMA publications are available from Buropean Computer Manufacturers Assooiation, 114 Rue do Rhone, 1204 Geneva, Swit-
zetdand,

900 publications are available from the Federal Comsmunications Commission, Washington, DU 20402, UBA.

0 M1, publications are available from US Navy Publications and Forms Center, 5803 Tabor Avenue, Philadelphia, PA 18120, USA,
21 Information on (his subject is available from Underwriters Laboratories, Ine., 1285 Walt Whitman Road, Melville, NY 11747,
USA. '
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[A17] Brinch Hansen, P. The Architecture of Concurrent Programs. Englewood Cliffs, NJ: Prentice Hall,
1977.

[A18] Hammond, J.L., Brown, J.E., and Liu, $.8. Development of a Transmission Error Model and Error
Control Model, Technical Report RADC-TR-75-138. Rome: Air Dovelopment Center (1975).

[A19) ETA/TIA 568 (1991), Commercial Building Wiring Standoed.
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Appendizes

(These Appendizes are not a part of this International Standard or of ANSIIELRE Std 603.3, 1993 Bditson.)

Appendixz A
System Guidelines

Al Baseband System Guidelines and Concepts

A1.1 Overnll System Objectives. The CSMA/CD Access Method, supported by baseband technology,
depends on a variety of analog system components al and below the physical level of the OSI Refarence
Meodel. These components provide basic interconnection facilities for the CSMA/CID access mechanizsm
ilself and are defined throughout Sections G, 7, and 8.

Overall performance of the analog baseband medium and related physical layer capabilities depends on
an optimal and known set of analog capabilities within each of these eritical system elements: the coagial
frunk cable, MAUs, branch cables, DTEs, and repeater units. These system elements affect the integrity
with which the serial data bit stream analog signals are carried belween open systems, There are at least
three eritical parameters of interest: bits lost in the transmission system, signal delays, and phase jitter. It
is important that these be apportioned properly among the affected system elements,

The successful interconnection of multivendor system components mandates that the values for bits lost,
signal delays, and phase jitter be allocated fairly and realistically among the various system clements. The
halance of Appendix A identifies the upper limits of values to be placed on the subject parameters. These
values are based on the maximal system confliguration (for example, four repeater units, 2.5 km trunk
eoaxial eable medium).

A1.2 Analeg Bystem Components and Parameter Values, The values given in the following table are
in terms of bits and are stated as maximum values except for values given within ranges.

The initial mnemonic under each component eniry refers to the system component as identified jn Fig
Al, System parameters are stated in terms of the inlralayer or interlayer messages sent. within a station.
Specific delays are called out as = delay.

The repeater concepts described throughout this section are considered 1o be an acceptable set of specifi-
cations for a multirepeatered system. It is noted that the exact parametric values specified for the repeater
environment are subject to minor refinciment,

Siart Last In to Hart
Compenent and Parameter Up Last Out Up
Ticlay Delay Loss
MEDIUM
‘Frunk Coaxiat Cable
C1 Prapagation 2.0 21.65 0.0
POINT TO POINT LENK
Pi Propagalion 0.0 25,64 0.0
ALIT
Al Prepagation 0.0 207 0.4
MEDIUM ACCESS UNIT
M1 DATA IN ASSERT — INPUT G.0 05 5.0
M2 OUTPUT - DATA QUT ASSERT 3.0 0.5 2.0
M3 DATA IN COLLISION — BQR ASSERT 17.0 — —_
M4 COLLISION DEASSERT - 8QE DEASSERT 0.0 — -
M5 OUTPUT IDLE -+ SQE ASSERT Gexelb — —
M6 SQI TEST ASSERT - SQE DEASSERT S<x<ih - _

Q
-3
ot

e

s
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Start LastIn fo Start
Component and Parameloy Up Lasl Out Up
Delay Delay Luzs

DTE
D1 INPOT - INPUT URIT 18.0 — 180
D QUTPUT UNIT - OUTPUT e 2.0 —
D3 INPUT -» CARRIER 8TATUS = CARRIER ON 30 — o
D4 INPOTIDLE - CARRIER STATUS = QFF 20<x<8.0 — —
D5 BQE ASSERT -~y CARRIER STATUS = ON 3.0 — —
D6 SQE DEASSERT — CARRIER STATUS = OFF 30<2s60 — —
D7 SQE ASSERT — SIGNAL STATUS = ERROR 1.0 - —
D8 SQE DEASSERT ~ SIGNAL STATUS = NO ERROR 302w 6.0 — —
D2 CARRIER STATUS = OPF - QUTPUT UNIT 98 < =< 100 e —
Di¢  INPUT — OUTPUT ‘ 8.0 — —
D11 SIGNAL STATUS = ERROR -+ JAM OUTPUT 16.0 — —
D12 JAM CGUTPUT DURATION 232.0 — -

REPEATER UNIT 22 anadM
Rl INPUT 1,2 - QUTPUT 2,1 75 - —
R2  INPUTIDLE 1,2 - OUTPUT IDLE 2,1 - 2.5 —
R3  INPUT 1,2 - CARRIER STATUS = ON 2.0 — -
4 SQE - SOURCED ouTPUT 6.5 e —
RA JAM OUTPUT -+ QUTPUT IDLE =96.0 — —

Figure Al indicates the maximal system configuration and ideniifies the various system component
parameters considered eritical in determining analog system performance.

OTE 2
.
AU REAT WALER 7 [ 1 MRAGDERE M2
) L L 4 1t . r"j [‘“] ARL 2 0K 3
T . T I7 | 1 T ¥ [y |
] Came ! v L.[ s T ©o ) Tw:
Mt ! ¢ O . y - ! 13
i . H 1 HEUE :
PTE {|  WasTmml LTl DL T forea
REPEATER REPEATER REPEATER REPEATER
SEY SET SET SET
1 2 3 4
Fig A1

Maximal System Configuration Bif Budget Apportionmenis

A13 Minimum Frame Length Determination, The following table indicates the system elements that
make up the minimum framne length caleulation based on the worst-case numbers as outlined in the bit
budget of A1.2. The compilation in the following table is based on the following scenario:

(1) DTE I transmits to an adjacent DTE 2 on coaxial segment 1.

(2) DTRE 3 transmission collides with DTE I transmission,

(3) DTE 3 is asswned o be the worst-case distance from DTE 1 and its {ransmission just misses defer
ring Lo the DTE 1 message.

(4) 'The collision fragment travels back down the network to inform DTE 1 that a collision has occurred
on its messuge.

The frame length is constrained by two parameters:

(a} The message from DTE 1 shall be long enough so that it is still sending when the collision is
detected.

(b) The message feom DTE 1 shall be short enongh such that DTE 2 ean throw ont the message on
the basis of being too shart.
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Component and Funetian Dirgetion :?.ib]‘f} Deday bl
Foiry A Delay
TR t STARTS TO PUT OUT FIRST BIT !
DTE 1 WY 132 340 BRY
AU ME FWD Al 257 5.57
MAUL FWD B2 3.0 8.0
COAXL WD (8] 21463 30.2
REPEATER SET1
MAU 1A WD At 5.0 RIEH]
AUIR1A W 4] 257 8.8
REP 1 WD ]1 7.5 A6.3
AUIRIB WD Al 257 48.9
MAU 18 WD M2 3.0 519
REPEATER SET TOTAL 21.64
IRL 1, FWI Pi 25,64 716
REPEATER BET 2 FWD 2186 09.3
COAX 2 FWD (93] 21,65 120.8
REPEATER SET 3 WD 21.06 142 4
tRL 2 WY b1 2064 168.1
REPEATER SET 4 FWD 216 807
COAX 3 FWD Ci 21.65 2114
MAL 3 FWD 3% 6.1 2174
AUl S FWD Al 2.57 2149.9
DTE 3 PUTS QUTA BIT REV ma 8.0 2AT.0
A3 REV Al 2457 230.5
MAU 3 REV M2 3.0 2335
COAX 3 REV Ci 21.65 55,1
REPEATER SET 4
MAU 4B REV M3 17.0 2721
AUT 4B REV Al 257 2147
REP 4 REV R4 4.5 281.2
AL 4A EV Al 2.57 2838
Mal 4a REV M2 3.0 286.8
REPEATER 8ET TOTAL 31,64
IRL 2 REV P1 25,64 312.4
REPEATER SET 3 REV 21.64 3441
COAX 2 REV C1 21.85 365.7
REPEATER 2 REV 31.64 3974
IRL 1 . REV 1 25,64 4230
REPEATER SET 1 REV 31.G4 4546
COAX T REV C1 21.65 476.3
MAU 1 REV M3 7.0 493.3
AUT M1 REV Al 257 44059
DTE 1 RIEEV D7 3.0 408.9
The above table provides the scenario that enables DTE 1 to determine a collision is taking place. DTE 1
chall transmit for at least 499 bit times. To determine how much longer I'PE 2 will continue to receive bits,
assume that DTE 1 is the last transmitter to provide bits to the DTE 2 MAU. DTE 2 then sees the
following:

“ ot - . . I Table R ‘Fotal
Component and Function Direction Eatry Detny Delay
BTE 1 Wi D1l 16.0 5149
DTE 1 r'wb D12 32.0 H47.9
AUL M1 FWD Al 2467 549.4
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If Repeaier Set 1 is the last system component to provide hits to D'TE 2, then DTE 2 will see the
following:

. ; . i Tabte - Tatai
Component and Function Diregtion Entry Jelay Dielay
REPEATER SET 1 (kst JAM BIT) 45418

REP1 REV 1] 96.0 550.6
COAX 1 REV 21 21.66 H72.3

The Repeater Set is the last transmifter to provide a bit to DTE 2. The DTE 2 MAU staris seeing bits at
time 8.6, which means that DTE 2 sees 563.7 bits (572.3 - 8.6). DTE 2 sees a minimum of 81 preamble bits
and 8 SFD bits, The preamble and SFD bits can be deleted from the 563.7 total because they are not
counted in minimum frame length,

Phe minimum frame length determination from the above scenario is then 564.7 — 69.0 = 494.7 bits, The
10 Mb/s system value for minimum frame length has been set at 512 bits,

Al4 System Jitter Budgets. The typical jititer budget expected for the baseband system is apportioned
in the following manner;

Envoder 0.5 ns

AUT Cable 1.0 ng (transmit end)

MAU Transmit 2.0ns

Trunk Coax 7.0 ns

MAL Recpive ~1.0 ns (with compensation)

AUI Cable 1.0 nz (receive and}

SNR on COAX 5.0 ns (SNR = 5:1)

SKNRon AUI 0.5 ng (SNR = 5:1, transmit erd}

SNR on AUL (0.5 ns (SNR = i1 receive end)
16.5 ng

The 18 ns jitter budget leaves adequate design margin for implementation-dependent considerations.

A1.4.1 Nominal Jitter Values. The jitter budget values given above are not expected to accommodate
all step changes in phase jitter due to system parameter variations within one or a few bit times.

41.4.2 Decoder BEvaluation. The phase decoder in the PLS sublayer should correctly decode o
Manchester-encoded signal whuose data transilion point (center of a bit cell) has a peak-to-peak jitter of no
more than 36 ns {¢: 18 ns deviation from the bit cell center). See Figs A2 and A3 for test method.

Evaluation of decoder performance may be simulated and tested by application of three distinet wave-
forms representing worst-case and normal conditions. The waveforms contain Manchester-encoded bits
whose center transitions represent the extremes of maximum skew. A 5 MHz (repetition rate) pulse train
whose pulse width is either 64 ns or 136 ns simulates the two worst-case jilter conditions. The data outpui
from the decoder should remain stable for each of the three fest patterns and shifts between these
extremes where there is a low rate of change in center transition skew. Note that the actual transmission
system is not expected to permit sudden drastic changes in the steady-stnie edge deviation during the
reception of any given frame. The above evaluation process is not intended o guarantee proper decoder
performance under all operating conditions.
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AZ, System Parvameters and Budgets for 1BASES

A2.1 Delay Buedget. The successful interconnection of multivendor system components mandates that the
values for bits lost and signal delays be allocated fairly and realistically among the various system ole-
ments. The following table summarizes and indicates the derivation of some of the delays specified in 12.9,
The breakdowns shown for the parameters are {llustrative only; implementors are free to make other allo-
cations of delay within a device so long as the specifications of 12.9 are nel violaled,

Component ay
DTE Initial Transmit Delay (see 12.9.2) 3
DTE Deference Delay {see 12.9.2) 21
unsquelch 3
Cuarrier detect b
MAC detects carrier and defers 10
DTE Initial Transmit Delay 3

DTE Collision Shutdown Delay (see 12.9.2) 58
detect CP and report SIGNAL_ERROR 10
detect SIGNAL_ERROR and start jamming 16
jamSize 32

Medium Transit Delay (see 12,8.3) 4

Special Link Transit Delay (see 12.9.4) 15

Hub Startup Delay (see 12.9.5) 12
unsquelch 4
hall il FIFO G
analogue of DT Initial Transmit Delay 3

ITub Hdle Collision Startup Delay (see 12.9.5) 12
(same as Hub Startup Delay)

Fub Transit Delay (see 12.9.5} 5]
half fill FIFO 6
analogue of DTE Initial Transmit Delay 3

Hub Delay Streteh/Shrink (see 12.9.5) 3
((preamble + <sfd> + maxFrameSize) - 0,01% - 2)

Hub Collision Detect Delay (see 12.9.5) 21
unsquelch 3
detect collision 6
Hub Transit Delay 9
First CVL or CVH may be preceded by CD0s and CD1s 3

Hub Active Collision Startup Delay (see 12.9.5) 12
Hub Transit. Delay . 9
First CVL or CVH may be preceded by CDOs and CD1s 3
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Canpanent Lielay (3D
1ub Collision Shutdown Delay {downward) {see 12.9.5) a
{saine ns Hub Transit Telay)
Tiub Collision Shutdown Delay (upward) (see 12.9.5) &5
detect foss of carrier 20
clear FIFQ, if necessary 2
analogue of DTE Initial Tyansmit Delay 3

A2.2 Minjmuam Frame Length Determination. The mintimum frame length for 1IBASES is delermined
using the values specified in 4.4.2.2 and 12.9, applied to the following {(worst) case:

(1) DTE 1, conneeted to Mub 1 at a nelwork extremity, iransmiis a message upward toward IHub 5.

(23 There is a spectal link in the path between Hub | and Hub 6.

{3y DTE 2, also connected to 1Tub 1, transimils, just missing deferring to the downward signal from DTE
1 ihat was wrapped around at Hub 5.

(4) DTE 3, also connected to Hub 1, receives the transmission from DTE 1,

(53 Ifnb 1 generates CP, which travels up and then back down the network Lo inform DTE 1 and IX1E 2
that a collision has veenrred on thelr messagos.

{6y DTE I and DTE 2 continue to transmit until they have received CP, reacted to it, and completed
their jams,

7y T¥TE 3 continnes to receive uniil the end of CP

e mintmum frame length must allow both of the foliowing conditions o be met:

(1) DTE 14s still sending when GP is received and recognized,
(23 DTE 8 can diseard the message fragment it receives becnuse it is Loo short.

DT § - DTS 2
DTE Initial Transmit Delay 3 3
8« Mediwm Transit Delay 32 35
2 - Special Link Transit Delay 30 G5 ?
10 - Hub Startup Delay 120 185
PTE Deference Delay 21 208

DTE 2 - HUB 1 CP
Medium Transit Delay 4 2190
Hub Clollision Detecl Delay 21 231

HUB1CP - HUB 5 CP

3 Mediom Trapsit Delay 12 243

Special Link Transit Delay 15 358

4 - max{Hub Startup Delay,

Hub Active Collision Startup Delay,
Tub idle Collision Startup Delay) 48 306

HUB 5 CP — DTE 1 receives CP
5 - Hub Active Collision Stavtup Dielay G0 366
4 « Medium Transit Delay 16 382
Special Link Transit Delay 15 397

DTE 1 receives CP — DTE 1 stops transmilting
DTE Collision Shutdown Delay 58 {h5
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COMPUTATION OF MINTMUM FRAME SIZR ~Gid 391 =
original preamble + <sfd> data bitg
transmitted
5 - (Hub Collision Shutdown Delay
{upward)
~Hub Transit Delay) 80 471,
5+ (Hub Collision Shutdown Delay
(dewnward)
-ITub Transit Delay) 0 471
Tiny fraction of Iub Delay 0 471 =
Streteh/Shrink data bils received

The minimum frame length must exceed both the maximum number of bits sent before recognizing CP
{391 — jamsize = 359} and the maximum collision fragment size (471), as computed above, The IBASES sys-
tem value for minimum frame length has been set at 512 bits, which exceeds both of these values with a
margin for error.

A2.3 Jiiter Budget, The total edge jitter of the signals on each link must be limited to allow proper decod-
ing at the receiver. The following budget has been used to allocate jitter to the indieated components that
conlribute to the total jitter on each link:

Transmitter skew +10 ng
Cable intersymbol interference 9
Cable reflections 8
Refleetions due to receiver termination mismaich 5
Total 32 ns

The cable intersymbol interference and reflection allowances form the basis for the limit specified in
12.7.2.3; the reflection component is sufficient to allow a single 20 { impedance mismatch anywhere along
a cable segment. The receiver-mismateh allowance is derived from the refleclion attenuation specified in
12.5.3.2.4. The total forms the basis for the specification in 12.5.3.2.2.

The remainder of the jitter that can be tolerated hy the Manchester decoder in & receiver is reserved to
allow for distortion of the signal due o noise, receiver threshold offset, receiver skew, and receiver sam-
pling timing error.

A simple clocked receiver/decoder with an 8 MHz sampling rate (the worst case allowed for in the design
of this standard), can achieve proper decoding with up to = 125 ns of jitter between two edges, which is
equivalent to £62.5 ns on each edge. Other receiver designs may tolerate more edge jitter. For example, a
6 MHz sampling rate would allow up to £83.33 ns of jitter on cach edge and a 16 MHz sampling rate allows
up to £93.75 ns of jitter.

It may be necessary to uge a low-pass filter as part of the receiver to reduce the noise level seen by that
receiver (sce 12,7.4 for a description of the neise environment). A filter that reduces the noize may also
have an effect on the amplitude and edge rate of the received signal. The filtered signal’s edge raie near the
zero-crossing is used in the critical translation from mV of noise and receiver offset into ns of jitter.

An example receiver design using an 8 MHz sampling rate and a 2 MHz Butterworth input filter might
be based on the following jitter budget:

Component Jitter
Input jitter (from above} 32 ng
Noise and receiver threshold offset 19.5
Reeeiver skew (analog) - 4
Receiver skew (digital) 7
Total : +62.5 ns
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The two primary contributors io noise in a IBASES cable are seif-crosstalk and impulse noige (see
12.7.4). Becanse it is unlikely that both will be present at their 1% worst-case levels on any particular
cable, the required bit error rate attributable to each source can be set at half of the one in 108 error rate
required by 12.5.3.2.6.

Crosstalk noise is specified to be no more than 105 mV {peald) through a 2 Mz filter (see 12.7.4.2).
Because crosstalk is present for the entire transmission of a packet, some crosstalk will coincide with the
most censitive part of the received signal. Therefore, the roceiver must operate without error in the pres-
ence of this 105 mV of noise.

Impulse noise has a peak amplitude of 170 mV for £0.005 counts/s through the 2 MHz filter (sce
12.7.4.1), This threshold does not directly correlate to jitler, however, because the derivation of the 2.5 ns
Jjitter tolerance for an & MHz clack assumed worst-case sampling error. Assuming a random phasing of the
sampling clock to the received signals, it can be shown that the 170 mV of noise is equivalent to a level of
85 mV with a worsi-phase clock.

Jitter due to noise should be computed using the larger of the above two levels. The 105 mV for crosstalk
noise, therefore, should be added to 50 mV for receiver threshold offset and the result should be divided by
the edge rate of the filtered signal near the zero-crossing (7.9 mVins for the 2 MHz filter), yielding the
19.5 ns indicated above,

A3, Example Crosstallt Computation for Multiple Disturbers

A method for computing multiple-disturber, near end, crosstalk attenuation (MDNEXT) into each
1BASES pair is specified in 12.7,3.2. This appendix provides example computations of MDNEXT using that
method when only the distribution of ¥j; is known.

The single-disturber probability distribution curve (labelled “1*) shown in Fig A4 is based on actual mea-
surement of 25-pair, 24-gange, unshiclded, twisted pair cable. The remaining probability distribution
curves (labelled with the number of disturbing pairs) were computed using Monte Carlo simulation. To
compute each sample MDNEXT) for N disturbers, N values of crosstalk attenuation (X;) were chosen from
the single-disturber distribution and N values of crosstalk phase (6;) were chosen from a uniform distribu-
tion between 0 and 2 rad. These values were then used with the following cquations o compute
MDNEXT;:

_ (-X,/20}
Hj - leist cosﬂi

B (X,20) ,
Vi= 314 enli0 5in §;

MDNEXT; = 10log 4 (H}+V})

Iterating this process several hundred times, each time producing a single MDNEXT, sample, resulted in
distributions for MDNEXT that are summarized in the following table and Fig Ad:

isturbers Iterations MDNEXT, Mean Std, Dev, 299,

1 61.2 dB 7.0dB 48.6 4B
2 500 57.2 6.2 46.4
3 500 55.1 58 45.2
G 500 52.0 5.7 42.5

13 1000 48.5 5.4 39.1

18 500 47.1 5.3 37.8

24 500 45,9 5.9 36.2

Because two pairs are used for each 1BASES connection, the entries in this table for 18 and 24 disturbers
are not applicable for normal installation of 25-pair eables. Furthermore, telephone cables with larger
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MDNENT Cumulative Probahbility Distribution

numbers of pairs are often constructed vsing sub-bundles of 25 pairs each and so might yield similar
results (for example, the curves for 13 or fewer disturbers would be the most applicable oneg),

The caleulation method of this Appendix, though not the numeric values, applies to 10BASE-T

Ad, 10BASE-T

A4l System Jitter Budget. The jitter budget for 10BASE-T is apportioned as follows:

diter boget Toistedaiy Lok Fursoad Parr Lk
{fitiar expresasd in 4ns)
Encoder 0.5 4.h
AU eable inchiding SNTR (DO pair) 1.5 £.5
MAL transmitter 2.0 2.0
Twisted-pair medivm with equalization 15 G0
Noige jitter on twisted-pair medium 8.4 2.5
MAU reeeiver 1.5 1.5
AUL ealde including SNR (DI pais) 1.5 1.5
“Total 165 56

NOTE: Total transmil jitter for the combination of the MAU transmitler and Hink sepment (14.3,1.2.3) is 435 ns and £8.0 ns for max-
imum- amd short-length twisted-pair link seginents, respectively, 1t is the sum of the eniries for MAU transmitter and twisted-pair
medivm with equalization. The individual components cannot he easily observed on MAUs. Shert-length segment is defined a5 a
short, pon-zero-length twisted-pair link, A short- rather than a zero-length sogment is used In the coloutation since a rovo-length seg-
ment will bave no significant noise and is a less severe case.
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Ad.2 Pilter Chaveetovistics. The implementation of the 3-pole, low-pass Bulierworil: filier should have
the following characteristios:

3 dB cuboll frogqueney th Mz
Insertion loas (5 Mz (o 10 MHz) 21,0 dB

30 MHz attenuation =17.54B
Input impedance (5 MHz to 10 Mliz) 100 2

Teturn loss with 100 Q load (5 MHz to 10 MHz) =20 dB

This filter is only veed for the festa deseribed in 14.3.1.3.2, 14.4.4.1, and 14.4.4.2. A buffer may be needed
to achieve the above return logs when using an LC implementation of this flter,

Ad3 Notes for Confarmance Testing. The following notes wre provided {o assist in developing the con-
formance iest.

Ad.2.1 Notes for 14.3.1L.2.1 on Differential Guiput Vollage. For lesting harmonics measured on the
TD cireuit when the DO circuit is driven by an all-ones Manchester-encoded signal, it is acceptable to use a
patiern of maximum length packets whose data field is all ones,

For festing of the mazximum and minimum output gignal to the template in Fig 14-9, the reconunended
measurentent procodure is deseribed as follows, An oscilloseope sel for a zero voltage brigger with a positive
slope is allowed Lo accumulate an eye pattern that must be within the templale. Acquisition must be long
envugh to ensure that all data variations have been abserved. When using packetized dala, the TP_IDL
and the firsi transmitted bit should be excluded from this measurement. Alsa, the interpacket interval may
be adjusied so that transition-to-idle transient. effects are excluded. When testing with the inverted iom-
plate, the siope of the scope Lrigger should be negative.

A4.3.2 Note for 14.3.1.2.2 an Traasmitler Differential Quipat Impedance. The return loss (RL) is
defined as follows:

¢ 1,
o o EZJH"AU:;I‘.?HH.’) + z*c;slylewf
RL: = 20 lUg UJ'-;—-——"W———-—-A?—;M———«
§!3 trahsiitler "cab\c[

zmd 31‘&0
20 i ! ‘iE
3 ]i?i‘;’ i

r

RL

I

where

Fnpamamiter 15 Hhe impedance of the transitier

Leante 18 the impedance of the cable

V; is the difforential voltage incident upon the transmitter
V. is the difforential voltage reflected from the transmitier

(1} Atransmitter with a purely resisiive source impedance o' 96 L1+ 20% will satisfy this requirement,
{2} The requirement of 14.3.1.2.2 is oquivalent to the following two constraints:
{a)  The refurn loss when measured with an 835 € resistive souree is al least 15 dB in the frequency
range of 5 MHz to 10 M1z
(b) 'The return foss when measured with a 111 O resistive source is at least 15 dB in the {requency
range of 5 MHz to 10 MHz.

A4.3.3 Note for 14.3,1.2.3 on Output Timing Jitter. Adherence to the template of 14.3.1.2,1 with a jil-
terless souvee driving DO and the zevo erossings constrained to 46.5 ps to 53.5 ns and 96.5 ns to 104.5 ngis
sufficient o demonstrate compliance with the 3.5 ns jitter requirement. When measuring an integrated
MAU, the zero cressing time interval should be constrained 1o 44.5 ns to 55.5 ns and 94.5 ns to 105.5 ns
due to the additional alloration for encoder and AU jitler. This test is simpler to perform than the test
which follows, but failure of this test does not demonstrale noncompliance.

When triggeving on one cdge of the transmitted signal and observing another edge, the ohserved jilter
measures the difference between the jitter of the triggering edge and the observed edge. When the two
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edges are separaled such that the jitter of the edges is indopendent and clock drift is insignificant, the
observed jitter is twice that of a single edge.

Therefore, a test that demonstrates compliance or noncomplinnee is as follows: Observe the zero cross-
ings 8 BT and 8.5 BT from the triggering zero crossing while iransmitting a pseudo-random daia sequence
of at least 511 bits, An external MAU with a jitterless source driving DO is compliant when al! zero cross-
ings fall within the time intervels 8.0 BT £ 7 ns and 8.5 BT &+ 7 ns. An integrated MAU ig compliant when
al]l zero crossings fall within the time intervals 8.0 BT £ 11 ns and 8.6 BT £ 11 ns.

When using packetized data, the TP_IDL and the frst transmitted bit should be excluded from these
measurements,

4£4.3.4 General Note on Common-Mode Teste. When performing tests specified as balanced or com-
mon-mode, the balance of the test equipment (such as matching resistors) must exceed that required by the

test.

A4.3.5 Note for 14,3.1.3.4 on Receiver Differential Inpuf Impedance. The return loss (RL} is
defined as follows:

RL = 20 Iogm :;rccuivur +Z cabla[

receivor z wblnl

and also

RL = 20log mi{—ii
V.
where

Zireceiver 18 the impedance of the receiver

Zeabie 18 the impedance of the cable

V; is the differential voltage incident upon the receiver
V, is the differential voltage reflected from the receiver

(1} Areceiver with a resistive input impedance of 96 £ & 20% will satisfy this requirement.
(2) The requirement of 14.3,1.3.4 is equivalent to the following iwo constraints:
(a) The return loss when measured with an 85 Q resistive source is at least 15 4B in the frequency
range of 5 MHz to 10 MHz,

{b) The return loss when measured with a 111 © resistive source is at least 15 dB in the firequency
range of 5 MHz te 10 MHz.

£4.3.6 Note for 14.3.1.3.3 on Receiver Idle Input Behavior. For conformance testing of receivers, the
start of idle shall conform to the template shown in Fig 14-10. Additionally, the magnitude of the voltage-
time integral of the undershoot (measured from the negative zero crossing that ends the positive idle pulse
to the time when the differential signal settles to 0.0 mV & 50 mV) shall be no greater than 1.2 times the
voltage-time integral of the positive idle pulse (measured from the last positive zero erossing to the nega-
tive zero crossing).

A4.3.7 Note for 14.5.1.3.5 on Receiver Common-Mode Rejection. For a stand-alone MAU, the
receiver common-mode test may be performed with a jitterless E,, so that the DI circuit should have no
more than 4.0 ns of edge jitter.

For an integrated MAU, the common-mode test is performed with an B, that has zero crossing jitter up
to 11 ns from the ideal.
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Appendix I
State Diagram, MAC Sublayer

BT, Introedustion

This Appendix contains a generalized state machine description of the CSMA/CD procedures for MAC. It
is supportive of the formal procedures defined in 4.2. It is assumed that the reader is familiar with those

formal desgcriptions.
The state diagrams of this Appendix are descriptive rather than definitional; the formal statements of

4.2 provide the definitive specifications.

B9, CSMA/CD Media Access Control State Machine Overview

The CSMA/CD MAC consists of two components: the transmit component and the receive component,
These compenents operate concurrently and independently.

B2.1 Transmit Component Overview, The transmit component is responsible for handling all events
that affect the Iransmission of a frame onto the medium (sce Fig B1 and Table B1).

FAEAMILE DOHE

DATA A CRLITON
- Swar WIAIZE IME L Resusst | TRASMT 17 poreer up e

seisor CARESSVE AT
CARREER DOME »e COUIIHS DHE
o

N

2
TE

CARRER
OFF

DEFER ND WA >JGE|.A‘|' NO AT
eenre e drrattntn

s BACKOFF

TR LaT4 CARRIER CRRER
REQUEST RESUEST on ol

s :

DELAY WAT BACKOFF DEFER

TD = JELAY TIBEOUT

TB - RACSOFF TMEOUT

re s FREAMBLE AND DATA

CARRER
CfF

Fig B1
Transmit Component State Diagram

52.2 Tronsmit Component Bvent Deseriptions

Initialize. This event isvgenemted by management to start up the component.

Data Request. This event i generated by the LLC sublayer, It indicates there is a PDU to be transmitted.
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Tuble Bi
Trangit Oomponent Biate Transition

Astion

Current State Event
. Start Initindize - Peoripsn Initinlization Tite
I, Lile Datn Request - Clopstroed Frame
- Btart Frame Transmiszion Tranzmit

2. Trangmit

3 Jam

4. Bnckofl

Backoff Defer

«o

8. Dackoff Delay

-3

Yofor No Wait

8. Delny No Wait

9. Defer Wait
10, Ilelay Wait

Carrier On

Premnble Dons AND
Collision Tdetect Up

Transmit Done

Transit Dhina

Exzcessive Collisions

Carrier On
Backoff Thncont

Carrier OfF
Backoff Timeout

Carrier On
Delay Timesut
Backof! Timeout

Data Request
Carrier O

Data Request
Delay Timeont

Carrier OfF

Delay Timeont

- No Aclion

- EBtart Jam Transmission

- [ncrement Allemspt Connd

« Start Deloy Touner

- Reset Altempl Count

- Indicate soneceszlul Transnissinn

- Btart Delay Timer
- Start Baeckoff Toner

- Start Delay Timer
- indlieate Transmit Excessive Collisions

« Mo Action
- Start Frame Transmission

- Start Delay Timer
- Mo Action

- Stop Delay Taner
- bo Action

- Mo Action

- Constrect Frame
- Start Delay Timer

- Construct Frame
- Mo Action

- Stard Delay Fimer

- Blart Prame Transmission

Defer No Wait

Jam
Deluy Mo Wait

Backoll Delay

Dielay Mo Wait

Backoff Defer
Frousmit

Badiafl Dolay
et Wit
Bachkolf Defor
Backolf

Dalay Wait

Defer Wait
Ielay Mo Wail

Delay Wait
ldie

Delay Wait

Tyansnst

Carrier On. This eveni indicates that the physical layer has detected a change in carrier sense from no
carrier to carrier.

Covrier Off. This cvent indicates that the physical layer has deiected a change it the state of earrier
sense from carrier to no carriern.

Preamble Done AND Collision Detect Up. This event indieates that the physical layer bas detected a
collision with the frame being tranemiited and the transmission of the preamble sequence 13 completed.

Delay Timeout. This event indicates that the interframe time delay has completed,
Backoff Timeout. This cvent indicates that the time period for backing off has completod,

Transmit Done. The bil tranamitter has transmitted all of the bits in the transmil huffer specified hy the
transmit buffersize (which includes preamble and data).

Excessive Collisions. The bit transmitter has transmilted all of the bits in the transmil buffer specified
by the transmit buffersize, and the atlempl count is equal to the maximum transmit attempt count
atlowed.
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B2 Trangmis Component Action Uoceriptions

Construct Frame. This action eneapsnintes the dotn Gekd with the Preamble, SED, DA SA Lanpth, PAD,
and PCS fields.

Start Feame Transmission, This action initiates Dt frassinissdon of the frame.

Stavt Jam Fransmission. This action cavses the bil transmitier to transmit the bits of the jum patiera.
Indicate Buceegsful Transmission, This action reports thal the transmission was successfol,
Indieaite Transmit Failere. This aclion reporis ihe fuilure of transniission and the reason,

Tnerement Atteupt Count. This netion inerements the conntor used to vecovd the number of attempis
made to transmil the same frame.

Raset Attempt Cownl. This action initlalizes the atiempt count (o (.

Start Backolf Timer This nction computes the random backoff delay e and sets the backolT Uner Lo
that time.

Biart Delay Tiner. Thig action gets the delay thmer to the interlrame gop time.

Ston Delay Timser. This action turns e delay timer off)

Perform Faitialization, This aciion turns all timers off and ensores that caevier is considered off and col-
Haton defect dewn, All counters are reset. Any implementation specifiec variables are inttialized,

Bo.4d Tranemit Component State Deseriptions

Bisri, The ransmil component has nal, been indtinlized by monagement.

Idle, The transnut component is not transmitting any date nor is i in a state where it is prevented from
transmitting date.

Transmit. The trangmit component is actively transmitting bits ento the medinm,
Jarn, The transmil component is actively transmitiing jion bils onio the mediun,

Backofl. The transmit component ig waiting oy its random backof delay o cxpire befure attempling o
retransmil a frane,

Backoff Defer. The franpamit component is wailing {or botly the wedivm o becoine avoilable and for its
backofi time delay to expire before altompling to vetransmit & frame,

Backoff Delay. The transmit component is waiting for the bnlerframie gap and the hackolf delavs to cspive
befure altempting (o retrasssinit a rame.

Defer Mo Wait. The transmit component bas no lrame Lo transmit and it eannol bransmit one ifit gets one
because the medium is busy.

Delay Plo Wait, The transmit ceniponent hag no (rame to transmit and it esnld not i 18 had one beeause it

is waiting for the interframe gap time o expire,

Defer Wait, The transit component is waiting for the medinm to beeome free bofore attempting {o trans-
it or vetransmit the frame, -
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Drelay Wait. The transmit component is waiting for the interframe gap time (o expire before attempting to
transmit or retranemii the frame.
1B33. Receive Component Overview
The receive component is responsible for handling all events that affect the receplion of a {rame from the

media, (See Fig B2 and Table B2.)

CARRIER ON
.
START INATALIZE 1DLE RECEIVE

CARRIER OFF

Fig B2
Receive Component State Disgram

Table B2
Receive Component Etate Transition

Current State Event Action Next State
0. Start Initialize - Perform Initialization Idle
1. Idle Carrier On - Btart Receiving Receive
2, Reaceive Carrier Off - Process Frame Received Idle

B3.1 Receive Component Event Descriptions
Initialize. This event is generated by management {o start up the component.

Carrier On. This event indicates that the physieal layer has defected a change in carrier sense from no
carrier to carrier.

Carrier Off. This event indicates that the physical layer has detected & change in the state of carrier
sense from carrier to no carrier,

B3.2 Receive Component Action Descriptions

Pevform Initialization. This action turns all timers off and ensures that eavrier is considered off and col-
lision detect down. All counters are reset. Any implementation specific variables are initiatized.

Start Receiving, This action begins the processes of accepting bils and appending them to the buffer used
to contain the frame.
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Process Frame Recetved. If the frame is not addressed to this station, then ignore the frame, Otherwise,
check the frame for errors. If there are no ervors, pass {frame up to the LLC sublayer indicating no error.
Otherwise, pass the frame to the LLC sublayer indicating the error.

B2.3 Receive Component Sinte Deseriptions

Start. The receive component has not been initialized by management.

Idle. The receive component is not actively receiving bits of data from the line.

Receive, The receive component is receiving bits of data from the line,
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Appendix
i

Application Condext, Selected Medivm Specifications

Ol Introdustion
‘This Appendix provides peneral guidance, to both the design eoginesr and the eveatual user of specific

product implementations, on what particular gseciions of the ISO 8802-3 CSMA/CD Luocal Area Webwork
Standard might be considered useful for different application environments. I is to be emphasized that the
material in this Appendix is very general, as the standard spedifications are intended to be ;alatzvely
applieation-independent. Nevertheless, cerlain specifientions may npply more to one applieaiion environ-
ment than anoiher, What follows are brief deseriptions of application cavivenments and lists of those
generic parameters of the physical layer specifications thought to be useful in relating a general sct of vser
requirements to a speeific standard speeification and its related medivum, Once @ basic relationship iy iden-
{ified, the reader 1 divected fo a spocifie sention of the standard jor delailed design specifications.

(2. Type (0BASES Applications

Ope of the wajor arenas for focal area networks is the interconnection of wark stations tireurhout a
lovge department or single building, The ability to handle all kinds of message fraffic af relatively high
data rates among a lavge set of work stations arve typieal chiwacteristics of these vnvivonments, Usually the
basic interconnection trunk cable ig installed and left in place permancrtly or for exiended periods while
work station placement may shift from time to tinse. The Type TOBABED apocification provides the primary
baseband backbone for intraplant CSMA/CD interconnections. Sections 7 and 8 of the siandard provide
detailed specifications for the physical kiyers associated with Type 10BASES environments The generig
physicsl layer paranelers are as {bllows:

Maximum unrepeaiered cable segment: 500 m

Mazimum number of MAUs per segnmient 100

Connector type Type N or coaxial "lap”
Breakdown voliage, MAU function 250 V ae rims

MTBF Lnillion hours

Total Segment Reststance 50

MALY separation Zhm

Connection shunt eapacitance 4 plt

AUT Tunctionality Do, DI CLLA(CO aptioual)
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C& Type IBASES Appliontions

Anothar major arena for loeal area neiworks iz the inferconner Gon of work stifions throngboal u aniall
deparfent or work aren. The abiliy to hanstle sl kinds of messape (raflie al relniively bieh data rates
among a sclected set of locally clusiered work stations are the Lypieal characteristics of these cnviren-
muents. In addilion. the Iasic intereonnection trunk cable is Hhely (o e woved frequenily by the loenl users
of the equipment Lo suit evalving needs, The Type T0BASE?R specifiention provides an interconneciion
gchoma that complements the Type 10BASBES backbone in a hievarchieal manney for intradepariment or
work area CSMAJ/CD inferconnections. Seetions 7 and 10 of the standard provide detniled specifientions for
the physical Iayers associaled with Type 10BASEZ environments. The gencvie physical laver parameters
arve ag follows:

Maximam unrepealered cable segment 183 m
Maximum number of MAUs per segment 20

Connector type Type BN T
Freakdown vollnge, MAU function A0V ae rimy
MTBF 100 060 hours
Total Segment Resistance 100

MAU separation 0.5 m
Connection shunt eapacitanee g plt

AL functienafity 130, i, 1

Cd. Type POIRL Applications

Applications information for use of BU/125 nn aptieal fiber is under consideration
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Appendiz D
Receiver Wavelength Degign Considerations

Reference 9.9.4.1.3, wavelength.,

The center wavelength of the optical source emission is eurrently specified to be between 790 mm and
860 nm. Although these limifg are acceptable, it is currently recognized, through the examination of manu-
facturers’ corrent data, that greater choices of emitters can be obtained by extending the allowable wave-
length to 910 nm.

An upper limit of 910 nm allows the selection of devices nominally centered at a lower wavelength, for
example, 880 nm. This allows a tolerance for manufacturing variations, for example, £20 nm, and a toler-
ance for an operating temperature range (typically, 0.3 nm/°C).

It is anticipated that future fiber optic applications including Local Area Networks will use the 910 nm
upper limit for first window systems. It is therefore recommended that implementors specify receiver sen-
sitivity over a center wavelength range from 790 nm to 910 nm.
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