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access method and
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Abstract: This Local and Metropelitan Area Network standard, ISO/ARC 8802-3 : 1993 |[ANSI/IEEE Std
802.3, 1993 REdition], specifies the media access conirel characteristics for the Carrier Sense Multiple Access
with Collision Deteclion (CSMA/CD) access methaod, It also specifies the media, Medium Attachment Unit
(MAU) and physical layer repeater unit for 10 Mb/s bascband and broadband systems, and it provides a
1 Mb/s baseband implementation. Specifications for MAU types 10BASES, 10BASEZ, FOIRL (fiber optic in-
ter-repenter link), JOBROAD36, IBASES, and 10BASE-T are included. System consideralions for multiseg-
ment 10 dMb/s baseland networks are provided. Layer and sublayer interface specifications are aligned to
the ISO Open Systeins Interconnection Basic Reference Model and 8802 models. The 8802-3 internal model
iz defined and used.
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International Standovd ISOARC 8862-3 ¢ 1562

150 (the International Organization for Standardization) and IEC {the International Elec-
trotechnical Commission) form the specialized system for worldwide standardization.
Nationz! bodies that are members of IS0 or IEC participate in the development of Interna-
tional Standards through technical committees established by the respeetive organization to
deal with particular fields of teehnical activity. IS0 and IEC techuical committees collaborate
in fields of mutual interest. Other international organizations, governmental and nongovern-
mental, in liaison with ISO and IEC, also take part in the work,

In the field of information technology, IS0 and IEC have cstablished a joint technical com-
mitiee, ISOAEC JTC 1. Draft International Standards adopted by the joint technical commit-
tee ave circulated fo national bodies 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 adopled by 130 Technical Commitlee 27, Informa-
tion processing systems, as dvaft International Standard 1S0/DIS 8802-3. Following the proce-
dures deseribed above, the Standard was subsequently approved by IS0 and published as IS0
8802-3 : 1989, incorporating IS0 8802-3/DAD 1 which had resulted from the adoption by IS0
in 1987 of ANSI/IEEE Std 802.3a.

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

A third edition, published in 1992, incorporated ISO/IEC 8502-5/Amendments 3 and 4.

This fourth edition concels and replaces ISOARC 8802-3 : 1992 and incorporates ISOVEC
8802-3/Amendment 8, Maintenance Ballot; Amendment 7, Leyer management; and Amend-
ment 9, System considerations for multisegment 10 Mb/s baseband networks and TNeisted-
pair meditm aitachment unit (MAU) and baseband medinm, type 10BASE-T. These amend-
menis were approved in 1992,

For the purpese of assigning organizationally unigue identifiers, the Instilute of Electrical
and Blectronics Engineers, Inc., USA, has heen designated by the IS0 Council as the Regis-
tration Authority. Communications on this subject should be addressed to

Regisiration Authority for ISOAEC 8802-2

cfo The Institute of Electrical and Electronics Engineers, Inc.
445 Hoes Lane

PO, Box 1331

Piseataway, NJ 08855-1331

USA

During the preparation of this Inlernational Standard, information was gathered on pai-
enis upon which application of this standard might depend. Relevant patents were identified
as belonging to Xerox Corporation. However, IS0 and IEC cannet give authoritative or com-
prehensive information about evidence, validity or scope of patent and like rights, The patent-
holder has stated that licenses will be granted vnder reasonable terms and conditions and
communicitions on this subject should be addressed to

Kerox Corporation
PO, Box 1800
Stamford, CT 06804
USA

International Organization for Standardization/International Blectrotechnical Commission
Case nostale 56 = CH-1211 Genéve 20 = Switzerland
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Voveword to International Standard ISOAERC 3382-.9 ¢ 1082

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

BB02-2 DATA

LAYER

8602-3 8602-4 88025 B8BOZ-7 LINK
LAYER

This family of standards deals with the Physical and Data Link layers as defined by the IS0 Open Sys-
tems Inierconnection Basic Reference Model (I80 7498 © 1984). The access standards define four types of
medium access technologies and associated physical media, each appropriate {or particular applications or
system objectives. Other types are under investigation.

The standards defining these technologivs are as follows:

(1) ISO/IEC 8802-3 IANSI/IEREE Std 802.3, 1893 Edition], a bus utilizing CSMA/CD as the access
method,

(2) 1S0/AEC 8302-4 [ANSVIEEE 5td 802.4-1990), a bus utilizing loken passing as the access methaod,

(8} ISG/IEC 8802-5 [ANSI/IEER Std 802.5-1992], a ring ulilizing token passing as the access method,

(4) ISO 88027, a ring utilizing slotted ring as the access method.

I50 8802-2 [ANSVIEEE Std 802.2-1989], Logical Link Control profocof, it tsed in conjunction with the
medium access standards.

ISO/MEC 10038 [ANSVIEERE 5td 502.1D, 1993 Edition], Media access control (MAC) bridges, specifics an
architecture and protocel for the interconnection of IEEE 802 LANs below the MAC service boundary.

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

The main body of this standard serves for both the ISO/IEC 8802-3 and ANSIZIERE Std 802.3 stan-
dards, ISO/EC and IEEE each have unigue foreword seetions, The Annex applies to the IEEE standard
only. The Appendixes serve as useflul reference material to both standards.
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AMSI/IERR Sitd 802.3, 1993 Edition

[RET Standurds documents are developed within the Technieal Committees of the IREE
Spcieties and the Standards Coordinating Committees of the IERD Standards Board. IMein-
bers of the committess serve voluntarily ond without compensation, They are not necessarily
members of the Institute, The standards developed within IERE represent a consensus of the
broad expertise on the subject within the stitute az well og those activities outside of IEEE
which have expressed an interesi in participating in the develapment of the standard,

Use of an IEEE Standard is wholly voluntary. The existence of an IEER Standard doos not
imply that there are no other ways to produce, test, measure, purchase, market, or provide
otlier goods and services relaied to the seope of the 1ERE Standard. furthermore, the view-
point expressed at the time a standard is approved and issued is subject to change brovght
about. through developments in the state of the art and comments veceived from vsers of the
standacd, Bvery TEER Standard is subjected to review al least once every five years {ow revi-
sion or reaffirmation. When a document is more than five years old, and has nnt been reat-
Armed, it is reasonable to conclude that its contents, although siill of some value, do noi
wholly reflect the present state of the art. Users are cautioned to checlk to determine thak they
have the latest edition of any IEEE Standard.

Comments for vevision of IEEE Standards are weleome from any inferested party, regard-
tess of membership affiliation with IBRE. Suggestions for changes in docwments should be in
the form of a proposed change of text, together with appropriaie supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of
standards as thoy relate to specific applications. When the need for interpretations is brought
to the attention of IEEE, the Institute will initiate action to prepare appropriate responses.
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
thiz reason 1GRE and the members of its technical committees are not able to provide
instant response Lo interpretation requests except in those cases where the matter has previ-
ously received formal consideration.

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

Secretary, IBELR Standards Board
345 East 47th Street

New York, NY 10017

USA

1EBE Standards documents are adopted by the Institule of Electrieal and Blecironics
Engineers without regard to whether their adoption may fnvolve potents on articles, mae
terials, or processes. Such adoptions does not assume any Hiahility to any patent owner, nor
does it assume any obligation whatever to parties adopting the standards docuements.
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Foreword to ANSUVIERR Bid B02.3, 1958 Edition

¢Fhis Foreword is not a part of this Inteynationand Standared or of ANSIARLE 202.4, 1895 ikiiion,

This standard is part of a family of standards for loeal and metropolitan area networks. The refationship
betvreen the standard and other members of the family is shown belew. (The numbers in the figure refer (o
IEREE standard numbers.)
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* Formerly 1IEEE Std BO2.1A,

This family of standards deals with the Physical and Data Link layers as defined by the International
Organization for Standardization (ISO) Open SBystems Interconnection Basic Keference Model (IS0
7498 : 1984). The access standards define several types of medium access technologies and associated phys-
ical media, each appropriate for particular applications or system objectives. Other typos are under investi-
gation,

The standards defining these technologies are as {follows:

» [REE Std 802" Overview and Architecture. This standard provides an overview
to the family of IREE 802 standards, This decument forms part
of the 802.1 scope of worl,

= IEEE Std 802.18: LAN/MAN Management. Defines an Open System Interconnee-
tion {OS1) management-compatible architecture, and services
and protocol elements {or use in o LAN/MAN environment for
performing remote management.

«ISOMEC 10038 : 1993

IANSIHIEEE Std 802.1D)] MAC Bridging. Specifies an architecture and protoco) for the in-
terconnection of IEEE 802 LANs helow the MAC service
boundary.

= JEEE 5td 802.1E: System Load Protoeol. Specifies a set of services and protocot for

those aapects of management concerned with the loading of sys-
tems on IERE 802 LANs.

= B350 8802-2 [ANSVIERLR Std 802.2) Logical Link Conirol

= ISO/IEC 8602-3 IANSVIEEE 5td 802.3): CSMA/CD Access Method and Physical Layer Specifications

"Phe 502 Archilesturs and Dverview Speeification, originally known as IEEE 5td 802,14, has boen renumbered as 1BEE Std 802, This
has been done to accommodate recognition of the base standard in 1 family of standurds, References o 1RBE 5td 862.1A should be
considered as references to IEEE St 802.
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a TEO/IRC 8802-4 [ANSIIEEE Std 802.4]: Token Bus Access Method and Physical Layer Specifications
¢ ISO/RC 8802-5 [ANSIIERE Std 802.5): Tolen Ring Access Method and Physical Layer Spacifications

» IEE Std 802.6: Metropolitan Area Network Access Method and Physical Layer
Specifications

= IBEE Std 802.10: Interoperabie Local Area Network Security, Currently Contains
Secure Data Exchange (SDE)

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

« IREE Std 802.7: (EER Recommended Practice for Broadband Local Area
Networks

The reader of this document is urged Lo 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 conform-
ance test methodology documentis for the 802 family of standards. This makes the correspondence between
the varicus 802 standards and their applieable conformance test requirements readily apparent. Thus the
conformance test documents for 802.3 are numbered 1802.3, the conformance test docuents for 802.5 wiil
be 1802.5, and so on. Similarly, ISO will use 18802 te mwmber conformance test standards for 8802

standards.

ISOAEC 8802-3 1 1993 (ANSVIEEE Std 802.3, 1223 Edition)

This edition of the standard defines 10 Mbfs 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 implementations of the physical layer to support
different needs (for example, media, and data rates).

"his standard coniains state-of-the-art material. The area covered by this standard is undergoing cvolu-
tion. Revisions are anticipated to this standard within the next few years to clarify existing material, to
correct possible ervors, and to incorporate new related material.

Readers wishing to know the state of revisions should contact

Secretary

IERE Standards Board

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

Piscataway, NJ 08855-1331

USA

The IEER 802.3 Working Group acknowledges and appreciates that many concepts embodied in this
standard are based largely upon the CSMA/CD access method earlier described in The Ethernet specifiea-
tion as written jointly by individuals from Xerox Cerporation, Digital Equipment Corporation, and Intel
Corporation. Appreciation is alse expressed to Robert M. Matenlfe and David R. Boggs for their ploneering
work in establishing the original concepis.
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Pear] 8. C, Wang
Non Weir

Alan J. Weissherger
William J. Wenker
Buarl J. Whitaker
Miechael Willett
Taoug-Ho Wa
Dren Yuen
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When the IREE Standards Boord approved ANSIIEER Std 802,3¢-1985 (9,1-3.8) on December 12, 1985,
it lhad the following membership:

Jobkn B, May, Chair John B, Riganati, Vice Charr

Bava I, Shery, Seerclary

James H, Beali
Fietcher J, Buckley
Rone Castenschiold
Edward Chelotti
Edward J. Cohen

Paul 5. Cummings
Donald G, Fleckenstein

Member emeritus

Jay Foraler Lawrence V. MeCall

Daniel L. Goldberg
Kenneth 1) Hondrix
Irvin N, Howell

Jack Kinn

Joseph L. Koepfinper®
Irving Kolodoy

R, F. Lowrence

Danald T. Michael*
Frank L. Roze
Clifford 0. Bwanson
J. Richard Weper
W. B. Wilkens
Chavles J. Wylie

ANSIIEEE Std 802.2¢-1985 was approved by the Amecrican National Standards Institute on June 4,
1886.

When the JEEE 802.3 Working Group approved ANSIIEEE Std 802.3d-1987 (9.9), it had the following
membership:

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

Mennchem Abraham
Keith Albright
EKeith Amundsen
Jean-Pierre Astorg
R, V. Balakrishnnn
Richard Benneit
Charles Brill

Juan Bulnes
Robert Campbel!
Luigi Canavese
Albert Claessen
Peter Dawe

Peter Desaulniers
Raymond Dujey
Joff Ebeling
Gianfranco Enrico
Alan Flatman
Richard Fransen
Ingrid Fremm
Robert Galin

Mark Gerhold

Adi Golbert

Rich Graham

Rich Gumpertz
Hacene Hariti

Lloyd Hasley
Haveming Haung
Charles Hoffner
Michael Hughes
Donald Johnson
Mze Johnson
Kwi-Yung Jung
Matt Kaltenbach
Paul Kellam
Scott Kesler
Hiroshi Kobayashi
Hidelsune Kuroknwa
Lee LaBorre

Ed Lore

Wayne Lindquist
Terry Lockyer
Don Loughry
James Lucag
Andy Lugue
Lloyd Qliver
Aidau Paul

Roy Pierce

Eric Rawszon
Joseph Rickert
Gary Hobinson

Timothy Rock
David Roos
Walter Sehyver
Semir Siraz
David Smith
Robert Summers
Pat Thales
Geoff Thompson
Nathan Tobol
Carlos Tomaszewski
Wendell Turner
Jogepls Wiencko
Bruce Williams

ORSERVERS

Allen Cherin
John Decramer
Paul Enstman
Shinii Bmori

Jiro Kashio
Michael Lee
Luciano Marchitio
Jim Mentroze
Poter Tarrant.

The IEC TC83 Committee on Information Technology Equipment also provided very helpful input to the

development of the FOIRL Standard (9.9).
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The following persons were on the halloting commitien thot spproved ANSVIBER Std 502.24-1967 (0.9
for sulbnnission to the IEEE Standards Board:

William B, Adans
5. R Ahuja

it Athul

Witlinm Ayen
Eduszrdo W, Bergamini
Paul W. Campbeld, Jr.
George 8. Carson

Po Chen

L. Y. Cheung
Hitnsam Chon

W, I. Chow

Michiel Coden

AP, Conrad

Rolert 8, Crowder
Michel Diaz

N1 Dimopoulus

AL G, Duncan
Philip H. Baslow, Jdr.
Judith Estrin

Joho W, Fendrich
Harvey A, Freeman
Patrick 8. Goais

R. L. Gordon

A, Goyal

M. ID. Grachnor
Maris Grauke
Joseph L. Hammeoend
Stephen Harrig

J. Scotd Haugdoh!
. W. Hobbs

Paul Hutton
Richard 18Il

. I} Jenzon

Guy Juanale

Karl 11, KeHermayy

M. Hezopovic
Samuel Bna

5. 2. Kille

David Kolim
Takahiko Kuk:

Lee LaBorre
Wai-Suin Lai

Lanze M. Leach
Edward Y. Lee

R C. Lightburn

F. G, Lim

William D). Liviagaton
Doa G, Loughyy
Joseph I P, Luhukay
Wo-Shun Luk

Maren Ajmone Morsan
Juzeph Masgsi

Mareo Melt

Darrel B, Melndoe

P 5. Melntozh
Bavid 8. Millman
Aditya N. Mislwn
David B, Morgan
Mike Morganti
Kanji Mori

David Morris

. H. T, Moufish
Dale M. Muveay

R. Ii. Nelson

J. 13, Merthowt
Charles Qestereicher
Young Oh

George Parowski
Thomas L. Phinney
J. M. Potucek

idarya Repho

Gary & Robinson

Robert Ruserthal

(Han Pacle Rosss

ravid J. Ryphka

51 Samaylenko
Norman F, Schreidewtod
Qi Serlin

N, Sheppard

Ron Shimmons

£ B Binelair

L. Sintenen

Tom Slack

Care]l M. Stillebroer

Fred Stravas

Tatsuya Sudo

[, Bupar

Eiztathios 1. Syhas
Daniel T, W, Sze

Ahmed N Tontaws

QL Tarng
DL Towsley
VWot-Tek Tani
Stankoe Tesk
T Doavid Umbaugh

4T, Varhies

Pear 8, C. Wang
Don Weir

Alan . Weissburger
VoL Wenker

Barl f, Whilnke
Bryan Whittle
Michzel Willeit
David 0, Woor

Teong-Hu Wu

Oven Yuen

When the IBEE Standards Board approved ANSIVIEEE 5td 802.3d-1987 (9.9} on December 12, 1985, il

lwad the fellowing membership:

Donald C. Flechensiein, Chair

James . Beall
Dennis Dodzon
Marghall T, Cain
James M. Daly
Stephen R. Dillon
Eugene . Fogarty
Jay Forster
Kenneth I, Hendrix
Trvin N, Howell

“Member emeritug

Andrew G. Salem, Scorefary

Leslie I, Kerr

Jack Kinn

Irving Kolodny
Jozseph L, Koeplinger
Sihward Lohse

John May

Lowrence V. MeCall
L. Brues Mcllung

Raveo Migliave,Viee Chair

Donald T. Miehael®

L. Joho Rapkine

Joha P, Rigonst

3ary S, Robinsaen
Frank L. Rose

Reberl 15, Rounties
Williass R, Tackaborey
Wil B. Wilkens
Helen M. Woart

ANSVIEEE 5td 8§02.3d-1987 was approved by the Ameriecan National Standards Instituie on February 9,

1989,
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Wihien the IBER 502.9 Working Group approved ANSIALICE Sid 802250 1850 (Section 113, 00 bad the

foltowing rnembership:

ronald C. Loughey, Char

Wignnchem Abrabam, Chair, Dype TORROASE Task Foree

Keith Albright
i V. Balaksishnan
Willkam Belhkoop
Richard Deaaeil
Charles Brill
Juan Bulnes
Stephon Jooper
Ronald Crane
Johin Davidson
Mark Dovon
Paul Eastman
Phil Bdholns
Gregory Ennis
Judy Bstrin
Alon Flatman
Richard Franson
Inprid Fromm
Roberl Galin
Sharad Gamthi
Rich Ciraham
Richard Guanpesiz
Haecene Harili
Guy Heoking
Grepovy Hophins

Frisd Husng
Stephen Janshogs
Donald Jobnson
Kwi-Yuag Jung
Paul Kellam

Joo Keanedy
Hivoshi Bobayusia
Liee Laliarre
o Lare
Tony Lauck
Johin Laynor
Wiltiam Living:
Terry Lochyer
ilugh Lopan
f.oland Long
James Loeas
Andy Lugue
Danicl Malthie
Jdozeph Maror
Steven Moustakng
Narayan Murthy
Wendetl Nalamine
Ldowd Oliver

Axdan Poogd
Diavid Patter
Brie Rawsns
Fugens Reiily
Joseph Rickort
Anthony Rizeole
Gary Rebingon
Timothy Reck
David Roos
Rolerk Rosenthad
Jazeph St Amnnd
Walter Selwreuay
Somir Sl
Dravid Emith
Stephen Soto
Gary Sperear
Robert Summoers
Pat Thaler

Geoti Thempaon
aihon Tobol
Wreriglel] Toyner
Mare Warshaw
avid White

Ao Konoun

The fallowing persons were on the balloting commiltee that approved ANSVIRER Sid 802.5Db-1885
(Seetion 11 {for submission to the IBEE Standards Beard;

Marshadl Abrams
John Adneny
Withinm B3, Admms
=R Ahuja

Hit Athul

Willinm Ayen
Yong-Myong Bacg

Wosley A, Ballenger, Jr.

Edwards W, Bergamini
Henk F. Boley
Georpe 8. Carsen

' Chen

L. Y. Choung
Kilnam Chon

T Hicky Chow
[ravid Cohen

Alens I, Conrad

Tra W. Colion
Robiert S Crovwder
afiche] Diaz
Mifehell G. Dunenn
Phifip H. Enslow, v
Judith Estrin

Johin W, Fendrich
[Tarvey A, Froaman
Patrick Gonia
Ambuj Goval
Michnel B Graebner
Maris Gravbe
Nubuhiro Hamada
Joseph L. Hammond
Kenh W THarbaugh
3 M. Horris

J. Beotl Hurdahl
Sharon Heady

2, W, Hobls

Jim B Hong

[aul L. Thitton
Rivhard iLIT

Creorge 1), Jelatiy

2. Douglas densen
Giuy Juanoie
Siepel L, dunkier
Karl 1. Keltermayr
Miaden Kezunovic
Samuel Ko

David Kollm
Baslr L. Bota
Hirayr 1. Kudyan
Takahiho Kuki
Lee LolBarre
Woi-Sum Lai
Valerie Lasher
Lanzp A1, Leach
Fdward ¥, 8. Lee
Stephen B Levin
¥ Lim

Uonald C. Loughey

dazeph 7L P Lubukay

Wo: Shun Luk
Muarco Marsan
Joseph Mass)
Darreil B, Mekndor
Palrick 3, Melniosh
Maree Meli

Pavid 8. Millpian
Aditya N. Mishin
Richard J. Moff
David B, Morgan
Mike Morganti
JEingi Mot

D). Morris

T Mouftah

[¥ale A, Murray
Rutl Nelson

4. Duape Marthoutt
Charles Oestercicher
Diavid Ofsevit
Young Oh

George Parawski
Thomas b Phinney
Nikitag Pamopales
David Potter

Jobn Potverk

Gary 5. Hobinzen
Marya Repho

Robiart Rozenthal

Msn Pooloe Rosss

David J. Rypla

3. 1. Sameylenko
Norman F. Schrcidewind
Oagnr Sepulveds

Ok Serlin

13, Sheppurd

R, M. Simmaons

Dinvid W, Slayer
Stephen Soty

Tom Stack

Carel M. Stillebiraer
Fred Stesgss

Bart W. Stuck

Taisuva Suda

Peter Bugar

ffstathios D, Syl
Damel T W See
Anhmed N Taninui
Aarii Tokore

HL . Forny

Dangdd I Towsley
Wei-Fok Teai
M. Tsuchiva
Richard Tuaeg
Stanke Turk

L. Bavid Umbaugh
James Varhios
Pearl 8 O, Wang
Don Weir

Alan J. Weijgsherper
Willin oJ, Wenber
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dfichael Wiilett Giearpe R Wood
Doneli Wittman Toong-He Wu

Barl J, Whitaker
Bryan 5, Whittle

When the IERE Standards Board approved ANSVIEEE Std 802.3L-1985 (Scction 11} on September 19,
1885, it had the following membership:

John B, May, Chair John P, Ripanath,Vice Chair

Hava L Bherry, Secrelary

James H. Beall Jay Forater Lawrence V. MeCall

Pleteher J. Buckley
Rene Castenschiold
Edward Chelotdi

Daniel L. Geldherg
Kenneth I, Hendrix
Trvin N, Howell

Denald T, Michgel®
Frank L. Rose
Citflord 0. Swanson

Edward J. Cohen Jack Kinn 4. Richard Weger

Paul G. Cummings Jazeph L. Keapfingor® W. B, Wilkens

Donald C. Fleckenstein Isving Kolodoy Charles J. Wylie
R F. Lawrence

*MMembor emeritus

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

When the IERE 802.3 Working Group approved ANSVIEEER Std 802.3e-1987 (Section 12) in November
1986, it had the following membership:

Denald C, Loughry, Chair
Robert Galin, Chalr, Type 1BASES Tash Foree

Mengchem Abraliam
Keith Albright
Keith Amundsen
Jean-Pierre Astorg
R. V. Balakrishoan
Tan Barker
Charles Brill

Juan Bulnes
Robert Camphell
Luigi Connrvese
Albert Claessen
Michael Coden
Bill Cronin

Peter Dawe

Peter Desaulnicrs
Raymond Duley
Jefl Ebeling
Gianfranco Enrico
Alan Flotman
Richard Fransen
Mark Gerhold

Adi Golbert

Rich Graham
Richard Gumpertz
Hueene Harith
Lloyd Hasley

Haw Ming Haung
Charles Hoifner
Michael Hughes
Donald Johnsen
Kiize Johnson
Kwi-Yung Jung
Matt Kaltenbach
Paul Keblam

Scatt Kesler
Hiroshi Kobayashi
Hidetsune Kurokawa
Michuel Les

Lee LaBarre
Terry Lockyer
James Lueas
Andy Faque
Luciane Marchitio
Steven Moustakag

Lioyd Oliver
Roy Pierce

Bill Pogton

Eric Rewsen
Jozeph Rickert
Gary Robinson
Timuothy Rock
David Roos

Ed Sakapuchi
Walter Schreuer
Semir Sirazi
David Smith
Robert Summers
Peter Tarrant
Maork Taylor
Pat Thaler
Geoll Thompeon
Mathar Tobo}
Carles Tomagzewski
Joayshree Ulla)
Joseph Wiencko
Bruce Williums
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The following persons were on the balloting commitlecs that approved ANSIIEEER Sid 802.3e-1987
{(Section 12) for submission {0 the IEER Standards Board:

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

. D Amer

it Athul

Willinm Ayen
Edunvde W, Bergnmini
H. I*, 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 Diaz

N. L Dimopoulos

M. G, Dunenn

P. M. Eliiot

Philip B, Enslow, Jr,
Judith Estrin

John W. Fendrich
G. A, Pogpialo
Harvey A. Freeman
Robert J. Gagliano
T. . Gannon II1
Patrick 8, Genia

R. L. Gordon

A. Goyal

M. . Groebner
Maris Graube
Joseph L. Haommond
Stephen Harris

dJ, Scott Haugdah!
. W. Hobbs

Paul Hutton

Hichard iy

B. D, Jenson

Guy Juanole

3. L. Junker

Karl H. KeHermayr
M, Kozunovic
Samuel Kha

5. E. Xille

David Kollm
TPokahiko Kuli

Lee LaBarre
Wri-Sum Lai
Lanse M. Leach
Edward ¥. Lee

5. B. Levin

R. €. Lightburn

F. £ Lim

William D. Livingston
Don C. Loughry
doseph . P. Luhukay
Wo-Shun Lulk
Marco Ajnione Maraan
Jozeph Mazei
Mareo Meii

Darrel B. Mcindoz
P, 8. Meintesh
David 8. Millmazn
Aditya N. Mishra
David E. Morgan
Mike Morganti
Kanji Mosi

David Morris

H. H, T. Mouftah
Paie N. Murray

R, R, Nelson

J. D Northeut
Charies Qeatercicher
Young Oh

Cceorge Parowski
‘thomas L. Phinney
David Potter

dJ. M. Potucek
Marya Repho
Gary S. Rebinson
Robert Rosenthal
Gian Paolo Rossi
David J. Ryphka
8. 1, Samaylenko

Norman F, Schaeidewind

Omri Serlin

B. Sheppard

Toa Simmons

J. B. Sinclaiy

L. Sintonen
Stephen H. Solg
‘Pom Stack

Carel M. Stillebroer
Fred Sirauss

Bart W, Stuck
Tatsuya Suda

P. Supar
Eistathios D, Sykas
Daniel T. W, Sze
Ahmed N. Tantawi
H. . Torng

D. &, Pawsley
Wei-Tek Tani
Muanhiro Teuchiya
Stanke Turk

L. David Umbaugh
4. T. Vorhies

Perrl 8, C. Wang
Don Weir

Alan J. Weissburger
W. J. Wonker

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

‘When the IEEE Standards Board approved ANSVIEEE Sid 802.3e-1987 (Section 12) on June 11, 1987, it
had the following membership:

Mareo W, Migliaro,Vice Chair
Andvew (%, Salem, Secretary

Donald C. Fleckenstein, Chair

L.. John Rankine
John P, Riganati

Jamesg H. Beall Leslie R, Kerr
Diennis Bodson Jack Kinn

Marshall L. Cain Irving Kolodny Gary 8. Robinson
James M. Doly Joeseph L, Keepfinger® Frank L. Rose
Stephen R. Dillon Beward Lohse Robort B, Rountree

John May Sava L. Sherr*
Lawrence V. McCall William R. Tackaberry
L. Bruce McClung Wiliam B, Wilkens
Donald T, Michnet® Helen M, Woad

Eugene P, Fogarty
Jay Forster
Kenneth D, Hendrix
Irvin M. Howell

*Member emeritng

ANSVIEEE Std 802.3e-1987 was approved by the American National Standards Institute on December
15, 1987, ‘
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When the IEEE 302.3 Working Group approved ANSHIEEE Std 802,30 1900 {Section 5%, i had ihe o)

lowing membership:

Menachem Abraham
John R Agee
Richard Andersen
Eldeehard Aotz
Keith Amundsen
Susic Armstrong
R, V. Balakrishnan
Mark Bohrer
Richard Brand
Thomas Butler
Lues Cafiero
Robert R, Campheldl
Luigi Cannvese
daciues Christ
Michiaet Coden
Robert Conte

Bil Cronin

Peter Cross

John DeCramer
Ean Craylord
Wahil Damouny
Sanjay Dhawan
Ruaymond &. Duley
Paul Enstman
Richard LEly
Gionframeo Enricn
Norman Erhacher
Steve Bvitts

Alan V., Flatman
Ingrid Fromm

Mel Gable

ok Galin

Mark Gerhold
Rich Graham
Andreas Gulle
Richard Gumpertz
Clive Hallait
Kevin Hamilton
Benny Hanigal
Lloyd Hasley

The following persong were on the balloting committee that approved ANSVIEEE Std 802.3h-1990 tor

Bonald O Louvghyy, Ol
Andy . Lugue, Chair, Layer Management Tasi: Foree

W. B Hagfield
Stephen Haughey
Carl G. Hayssen
Aziel Hendel

Chip Hicks
Willsam Hingston
Charles Hofiluer
Ernie Jensoen
Clarence Joh
Dieter W, Junkers
Donald €. Jelingon
Mize Johazon
Scott Kesler

Bob Kilgore
Yongbum Kim
il Kind

John Kineaid
Taduyoshi Kitayomn
Paul Kopera
David Kung
Michael T.ee
Richurd Lena
Yeseph Linde
Wayne Lindquist
T. D, Lockyer
James A, Lucas
Tan Lyon

Kennetly MacLeod
Lucinne Marchitte
Charles Marsh
Bol Matthys
Steven Moustakas
Nauvayan Murthy
Drarey Nelson

Bob Norton

Mike (VConmor
Chris Oiver
Lleyd Dliver
Kazuyuki Oznwa

submission to the IEEE Standards Board:

Willian Adnns
Kit Athul

William E. Aven
All Bahrololoomi
George 8. Carson
hih-Teai M, Clien
Michael H. Coden
R. A, Conzer

R. 8, Crowder
Arxlrow Davidson
Luis F, l, De Moraes
N. L. Dimopoulos
blitchel Duncan
Jobn B, Emrich
John W. Pendrich
Harold C. Folts
Harvey Freemaon
Ingrid Fromm

1 G Gan

Putrick Gonia
Julio Gonzalez Sane
AMichael Gracbner

Maris Grauke
Jozeph L. Hammond
Stephen Harris

J. Seott Haupdashl
CAV.L. Hobbs
Chris Haich
Richurd J. T
Raj Jain

M. Kezunovic
Sumuel Khe

Tosn Kuriliara

Lee Laharre
Anthony B. Lake
Aike Lawler
Jalyong Lec

. C. Eam
Handolph 3. Little
William Livingston
Jaseph Lo
Donald G, Loughry
Andy J, Lugue
Kelly €2 Mcbonald

iteith Oneders
Tony Veatfield
Peter Rauteoheryy
Bill Revien
Gavy Robinson

Sieven Robingon
Mom Samaznn

Fred Sammarline
Sian Sassower

I Sarles

Ronuld Sehmid(

Tom Schmitl
Frederick Schall

Roa Shani

Sormic St

duzeph Skorupa
Mavid A Smith

Bobs Smith

Steve Smith

Roliert Bayder
Cirahinm Btarkine
David I, Siedn

Petor Tareant

Mark Taylor

Patvicia Thaler
Bowglas Thompsen
Grofivey Q. Thempson
Nauthan Tolot

Carlaa Tomaszewski
Heorbers UL

Steven Ulrich

Johin Visser

Willinm Wager
dazuph A, Wienvio, Jr
Brues Willlame
Richard Williams
Roger Wilmarrh

aike Winen

Mark Wingrove
Nobushize Yokoln

Darrell B, Melndue
Richard H, Miller
David 5. Millman
Adirya Mishra
Juhn I8, Moniagae
M.AL P Movgoaii
I{indi Mori

v L Rerris

M1 Moufinly
Arne A WNilsson
Charles Ureslercicher
Young {h

Thomaes L. Phinney
Ralot Pirzada

e Paoch

HBobiert S, Printis
Marya 5. Repko
Jotsn T Riganati
Gary 3. Rebinson
N, P Schneidewind
Manfred H, Seifort
N. AL Sheppard
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Gilen Sherwood
.M. Bimmoens
L Mintonen
Harey P Solomon
Robort XK. Southard
John Spragins

. M. Stillebroor

[“rank f Strawss
B, D, Syhas

AP Tantgens
Nathan Tobal
Twi-Tek Teal
Laeeid L, Uabaugh
1" A, Varetoni

Jumes Vorlaes
Can Weir

AT Whester
Dok, Whitaher
. C. Woed
George I3 Weiglit
Crreis Yuen

When the IBER Standards Board approved ANSIEER Std 502501990 on September 23, 1890, it had

ihe [oflowing mensbership

Iarco W, Mighiaro, Chairman

Andrew G, Snlem, Secretary

Prenniz Bodsen

Paul L. Borridl
Metcher 4. Bockloy
Allen L. Clapp
Stephen R Ditlon
Nenald C. Fleckensicin
Jay Forster?®

Thomas L. Hanpon

shiambor Emeritus

Kenpeth I Hendrix
John W, Horehs
Jozeph: L. Keeplinger:
Irving Koludny
Michael A, Lawlor
Donald ). Louplivy
Johin B Bay, Jr

Jammes M. Taly, Viee Chairman

Lawrenee V, McCall

i Druce MeClung
Daneld T, Michast?

Stig Milszon

Ray P, Oizhs

Qary 5. Rebinson
Terrance R Whitternore
Donzld W, Zipse

ANSUIERE Sid 802.3h-1090 was approved by the American National Standavds Institute on March 11,

1991,

When the IRER 802.9 Working Group npproved ANSIBER Std 802.85 1990 (Sections 13 and 14), it had the

following membershim

oriald O, Loughry, Chair’
Patrieia Thaler, Chair, Type I0BASE-T Tash Force'

Menaschem Abrabam
Lue Adngenssens
Jehis R Agee

Heith Amundsen
Richord Anderson
Stephen d. Andersen
Eklkehard Antz
Susie Armstrong

R. V. Balakrishnan
Reberto Bortokli
{3ave Bethune
Mark Rohrar
Richard Brand
Thomuas Butler
Luea Cafiero
Robert R. Camphel!
Luigi Cannvese
Michael Coden
Hevin Cone

froberl Conle

Medl Coote

ian Craylord

Bil} Cranin

Piier Cronz

Joo Cozcio

MNabil Damouny
Murk Darby

John DeCramer
Tazie M. Denicolo
Samjay Dawan

O e

# .. . .
Patricia Thaler, Current Chair
'Richard Anderson, Curvent Chair

Poul (Skip} Ely
Riehard Ky
Norman FErbacher
Sieve Fritis
Eldon Feist

Alan V. Flatmnan
Ingrid Fromm

Ml tlable

Robert Galin
Murk Geghold
Aundreas Guile
Richard Gumperis
Chlve Hallnet
Benny Hanigal

W. I, Hatfiekd
Stephen Heughoy
Carl €3, Hayssen
Brnic Jenson
Clarencn Joj
Donald ¢ Johnsen
Mize Johnsan

Twra Juhaise

Deter W. Junkers
daed 8, Kalman
Rainer Kaps

Baob Kilgore
Yongbum Kim

John Kincald

Bif Kisel

Tadayoshi Kitaynma

Stevon Reller
Paal Kopers
Leonid Hoshuvey
Ted Kammert
David Kung
Michael Lebar
Hichael Lee
Richard Lefkowitz
Richard Lena
Yoseph Linde

T, D. Lockyer
Andy <. Lugus
Kemmeth MacLend
Luciang Marchitte
Charbes 3argh
Steven Moostakas
Narayan Murthy
Parey Nelson

Bols Morlon

Mike OConnoy
Chiris Oliver
Lleyd Oliver
Kol Oodera
Yazuyoki Ozawa
Charlez Palanzo
Tony Peailield
PPeter Raulenberg
Bill Reyaen

ifary Bobinson
Steven Rabinson
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Paul F. Russo
Moni Samaan
F, Sarles

Stan Sassower
Ronald Sehmidl
Ton: Schmilt
Frederick Schel
Ron Sham
Joseph Skorupa
Bavid A. Bmith

Bandula W, Abeysundarn

William B, Adnns
Don Aelmore
Hasan S. Alkhatib
Jonathan Allan
Sule Arslander

Hit Athul

Michael Atkinzon
Willinm B. Ayen
Yong Myung Baeg
Subhash Bhatin
Asa O. Bishop

Alan L. Bridges
Riehard Ceasi
Mehmet U. Caglnyan
Anthony L. Carrato
George 8. Carson
Brian J, Casey
George C. Chachis
Chih-T'sai Chen
Gerald W. Cichanowski
Michine! 11, Coden
I{eith Coilins
Hodney A, Conser
Robert Crowder
dose A, Cueto

F, Dervavi

Aghwani . Dhawan
Siyi Torry Dong
Mitchell G. Duncan
Andrew M. Dunn
Soarav Dutta

Ted Dzik

Hans Bklund

John B, Emrich
Richard G. Estock
Chongxin Fan

John W. Fendrich
John N, Fergusen
Samue] Finebory
Ernest L. Fople
Harold C, Polis
Sandra J. Forney
Harvey A. Freeman
Ingrid Fromm
Bithan Froumine
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formation technology-——Local and metropolitan
area networks-—

Part 3: Carrier sense multiple access with collision
: i MA/CD) access method and physical
layer specifications

1. Intraduection

1 Overview

1.1.1 Basic Concepis. The Carrier Sense Muitiple Access with Collision Detection (CSMA/CD) media
sccess method is the means by which two or more stations share a common transmission medium. To
{ransmit, a station waits (defexs) for a quiet period on the medium (that i, no other station js transmit-
ting) and then sends the intended message in bit-serial form. If, afier initiating & transmission, the mes-
sage collides with that of another station, then each transmitting station intentionally sends a few
additional bytes to ensure propagation of the collision throughout the system. The station remains silent
for a random amount of time (backeff) before attempting to transmit again. Bach aspect of this access
raethod process is specified in detail in subsequent sections of this standard.

. This is a comprehensive standard for Local Area Networks employing CSMA/CD as the access methad.
This standard iz intended to encompass several media types and techniques for signal rates of from 1 Mb/s
0 20 Mb/s. This edition of the standard provides the necessary specifleations for 10 Mb/s baseband and
sroadband systems, a 1 Mb/s baseband system, and a Repeater Unit.

1,1.2 Architectural Perspectives, There are two important ways to view jocal area network design cor-
- responding to

(1) Architecture. Emphasizing the logical divisions of the system and how they {it together,
{2y Implementation, Bmphasizing actual compenents, their packaging and interconnection,

- This standard is organized along srchitectural lines, emphasizing the large-scale separation of the sys-
‘tem into two parls: the Media Access Control (MAC) sublayer of the Data Link Layer, and the Physical
.~ Layer. These layers are intended to correspond closely to the lowest layers of the ISO Model for Open Sys-
“tems Interconnection (see Fig 1-1). See IS0 7498:1984 {101.} The Logical Link Controt (LLC) sublayer and
MAC sublayer together encompass the functions intended for the Data Link Layer as defined in the 051
“model.

1.1.21 An architectural organization of the standard has two main advantages:

(1) Clarity. A clean overall division of the design along architectural lines malkes the standard clearer.
A2)  Flexibility, Segregation of medium-dependent aspects in the Physical Layer allows the LLC and
MAC sublayers to apply te a family of {ransmission media.

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

m
!

; Ehc numbers in brackets correspond to those of Lhe references listed in 1.3; when precedad by A, they correspond to those Hsted in
e Annex,
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Fig i1
LA Standard Belationchip to the I80 Open Syetams Interconnociion
{GEY) Beference Model

The architectural model is based an a sct of interfaces that may be differend from thoze emphasized in
implementations. One ¢ritieal aspect of the design, however, shail be addressed largely in terms of the
tmplementation interfaces: compatibility.

1.1.2.2 Two important compatibility interfaces are defined within what 1s architecturally the Physical
Layer

(1y AMediwm-Dependent Intorfuce (MDE). To conmunicate in a compatible manner, all stations shull
adhere rigidly to the exact specificaiion of physical media signals defined in Seciion § (and beyond)
in this atandard, and {o the procedures that define correct behavier of a station. The medivm-inde-
pendent aspeets of the LLC sublayer and the MAC sublayer sheuld not be taken as detraciing from
this point; communication by way of the I30 5802-3 [1EEE 802.3] Local Area Network requires com-
plete compatibility at the Physical Medium interface {that is, the coaxial ealide interface).

{21 Attachment Unit Inferface (AUD. 1L is anticipated that most DTEs will be located some distance
from their connection to the coaxial cable, A small amount of civeuiiry will exist in the Medianm
Attachment Unit (MAT) direetly adjocent Lo the eoaxial cable, while the mujority of the hardware
andd all of the software will be placed within the DT, The AU is defined as & second compatihility
interinee, While conformance with this interfnes is nol strietly necessary 10 ensure communication,
it is highly recommeonded, sinee it allows maximam exibility in intormixing MAUs and DTEs, The
AUI may he optional or not specified for sume implementations of this standard that ave expected to
be connected directly to the medium and a0 do not vae a separate MATU or its interconnecting AUI
eable. The PLS and PMA are then part of a single unil, and no cxaplici AU epecHfication is required.

1.1.3 Layer Interfaces. In the architectural model uaed heve, the layers interact by way of well defined
interfaces, providing services as specified in Sectiens 2 and 6. To gencral, the interface requirements are ag
[oltows:
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(1} The interface between the MAC sul:dayer and the LLC sublayer ineludes facilities for transmitting
and receiving frames, ond provides per-wperation status information ibr uee by higherdaver error
recovery procedures,

{2) The interfaee between the MAC sublayer and the Physical Layer includes signals for framing {car-
rier sense, Lransmib initialion) and contention resolution (collision detect), fzcilities for pazsing a
pair of serial bit streams (transmil, receive) between the two layers, and o wait {funclion 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 discugsed in Section 5.

1.1.4 Application Avens. The applications environment for ihe Local Area Network is infended o be
commercial and light indusirial. 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 Notrtion

1.2.1 State Biagram Conventions. The operation of a protocol can be described by subdividing ihe pro-
toco! into a number of interrelated functions. The operation of the functions ean be described by state dia-
grams. Each diagram represents the domain of a function and consiste of a group of connected, muluaily
exclusive states. Only one state of a function is active at any given time (see Fig 1-2).

STATE NAME

¥ MESSAGE SENT>
[ <. . » (CONDITION)
£

TERMS TO ENTER TERMS TO EXIT
STATE STATE

[ACTIONS TAKERN)

Key: {} = condition, for example, {if na_collision)
[ ] = aclion, for example, fresel PLS funciions]
. = logical AND
+ = logical OR
Tw = Wait Tima, implemantation dependent
Td = Dolay Timoout
T = Backolf Timeout
UCT = uncondilicnal ransition

Fig 1-2
State Diagram Notalion Bxample

Bach state that the function can assume is represented by a rectangle. These are divided into two parts
by a horizontal line. In the upper part the state is identified by a name in eapital letters. The lower part
containg the name of any ON signal that is generated by the function. Actions are described by chort
phrases and enclosed in brackets.

All permissible transitions between the states of a function are vepresented 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 uncondiiional transition. Qualifiers
desecribed by short phrases are enclosed in parentheses,

State transitions and sending and receiving of messages occur instantaneously, When a state is antered
and the condition to leave that state is not immediotely fulfilled, the state executes continuously, sending
the messages and executing the actions contained in the state in a continueus manner.
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Some devices described in this standard (e.g., repeaters) ave allowed (o hoave two or more ports. Sty
diagrams capable of deseribing the operation of devices with an unspecified number of poris, requived quel-
ifier notation that allows tosting for conditions at multiple ports. The notation used is a term thot ineludes
a deseription in parentheses of which ports must meet the tersa for the qualifier fo be satisfied (e.g., ANY
and ALL). Yt is also necessary to previde for termi-assignment stafemenis that assigo a name to 4 pork that
satisfies a qualifier, The following convention is uged to deseribe a term-assignment statement that is asso-
ciated with a transition:

(1) The character “" (eolon) is a delimiter nsed to denote that o tern: 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 avthoritalive statement of the functions they depict; when apparent con-
flicts between descriplive lext and state diagrams arise, the stale diagrams are fo fake 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 imptementation. The models
are optimized for simplicity and clarity of presentation, while any realistic implementlalion may place
heavier emphasis on efficiency and suitability to a particular implementation technology. 1t is the func-
tional behavior of any unit that must mateh the standard, not its internal structure, The internal details of
the model are useful only to the extent that they specify the external behavior clearly and precisely,

1.2.2 Service Specification Method and MNotation. The service of a layer or sublayer is the set of
capabilities that il offers to a user in the next higher (sub)layer. Alstract services are specified here by
describing the service primiiives and parameters that characterize each service. This definition of service
is independent of any particular implementation (see Fig 1-3).

LAYER RN LAYER N
SERVICE USER SERVICE USER
LAYER N-1
SERVICE PROVIDER
REQUEST

P .
INDICATION

Wig 1-3
Service Primitive Notation

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

1.2.2.1 Classificaiion of Service Primitives. Primilives are of two 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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(2 INDICATION, The indication primitive is passed {rom layer N1 {o layer N teo indieaie un internal
layer N-1 event that is significant to layer N, This event may be logieally relsied to o remote service
roequest, or may be caused by an event internal to layer N-1,

The service primitives are an abstraction of the functional specifieation and the user-layer interaction,
The abstract definition dees not contain local detail of the user/provider interaction. For instance, it does
not indicate the local mechanism that allows 1 user to indicate that it is awailing an incoming call. Each
primitive has a set of zero or more parameters, representing data elements that shall be passed to qualify
the functiens 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 aceess point. Similarly, in any particular
protocol specification, lunctions corresponding fo a service primitive may be explicitly defined or implieitly
available.

1.2.3 Physical Layer and Media Notation, Users of this standard need to reference which pariiealar
implementation is being used or identified. Therefore, 2 means of identilying each implementation is given
by a simple, three-ield, type nolation that is explicitly stated al the beginning of each relevant section, In
preneral, the Physical Layer type is specified by these fields:

<data rate in Mb/s> <medium {ype> <maximum segment lengily (22 100 m)>

For exoonple, the standard containg a 10 Mb/s baseband specification identified as “I'YPE 10BASES"
meaning a 10 Mb/s bageband medivn whose maximum segiment length is 500 m. Each successive Physieal
Layer specifieation will state its own upique TYPR identifier along similar lines.

1.2.4 Physical Layer Mesgsage Notation, Messages penerated within the Physical Layer, either
within or between PLS and the MAU (that is, PMA cirenitry), are desipnated by an italic type to designate
either form of physical or logical message used to execuie the physical layer signaling process {for example,
inpui_fdle or mau_avatiable).

1.3 Rolerences

3] CISPR Publication 22 (1985), Limite and Methods of Measurement of Radio Interferenee Characteris-
tics of Information Technology Bquipment.?

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

A R

i3] 1EC Publication 96-1A, 1st Supplement to Radio-frequency calles, Part 1: Appendix Section 5.4, Ter-
minated triaxial test method for transfer impedance up to 100 MHz.

[4] IBC Publication 169-8 and -16, Radio-frequency conncctors, Part 8; Radio-frequency coaxial connec-
tors with inner diameter of outer conduetor 6.5 mm (0,256 in) with bayonel lock—Characteristic imped-
ance 580 ohms (Type BNC), Parl 16 Radie-frequeney coaxial connectors with inner diameter of outer
conducior 7 mm (0.276 in) with serew coupling-—-Characteristic impedance 50 ohms (75 shims) (Type N),

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

{6] TEC Publication 435, Safety of data proecessing equipment.

2CISPR doeuments are availabde from the Internstional Electrotechnicn! Commission, 3 rue de Varembé, Cage Pestale 131, CH
1211, Gendve 20, Swiizerland/Buisee, CISPR documents are also available in the United States frem the Sales Department, American
National Standards [nstitute, 11 West 42nd Street, 13th Flooy, New York, NY 10036, USA.

WEC publications are available from 18C Sales Department, Cose Postale 131, 3 rue do Varembe, CH-1211, Gendtve 20, Switzer-
land/Suizse. IBC publications are alzo available in the United States from the Sples Department, American National Standards Tnsti.
tute, 11 West 42nd Street, 13th Floor, New York, NY 10038, USA,
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(71 IEC Publication 807-2, Rectangular connectors for {reguencies below
3 MHz, Part 2 Detail specification for a range of connectors with round contacte-—Fized solder contact
fypes,

N

[8]  1EC Peblication 950, Safoty of Information Technology Kguipment, Including Blectrical Business
Equipment.
9] IS0 2382.9 : 1984, Data provessing—Vocabulary—Dart 09: Data communication.?

[10] ISO 7498 : 1984, Information processing systems-open systems interconncetion--Basic reference
maodel,

[13] IEC Pablication 60, High-voltage test technigues.

[12] IEC Publication 68, linvironmental testing,

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

[14) TEC Publication 793-2, Optical fibres, Part 2: Prodoct speciﬁcations.ﬁ

{15] IEC Publicafion 794-1, Optical fibre cables, Part 1: Generic specification.
[16] IEC Publication 724-Z, Oplical fibres cables, Part 2: Product specifications.

(17} TEC Publication 825, Radiation safety of laser products, equipment clagsification, requirements, and
user’s guide,

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

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

[20] ISCG/IEC T498-4 : 1989, Information processing systems—~Open Systems Inierconnection—Basic Ref-
erence Model--Part 4: Management Framework.

[21] IS0 8877 : 1987, Information processing systems—Inierface connector and contact assignments for
ISDN basic aceess interface located at reference points 5 and T.

Local and national standards such as those supported by ANSI, EIA, IEEE, MIL, NIFPA, 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 s bracketed number bepinning with the letter A and located in
Annex A,

1.4 Definitions. The definitions used in this standard are consistent with IS0 2382-9:1984 [9]. A more
specific Part 25, pertaining to LAN systems, is in development.

120 publications are available from the IS0 Central Secretariaf, Caze Postale 56, 1 rue de Varembs, CH-1211, Gendve 20, Switzer-
land/Suisse, [SO publications are also available in the United States from the Sales Department, American National Standards Insti-
{ute, 11 West 42nd Stroet, 13th Floor, New Yok, NY 10036, USA.

g Subszeetion 9.9 is to be read with the understanding that the follewing changes L¢ 1TC Publication 753-2 [14] have been reguestod:
(1) Correction ol Lhe numerical aperture tolerance in Table 111 to & 0.015.
(2} Addition of noother bandwidith category, of 2 150 MHz referved to 1 kan, for the type Alb fiber in Table 1,
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2, MAC Bervice Bpecification

2.1 Scope and Pield of Anplication. This section specifies the services provided by the Media Access
Contrel (MAC) sublayer to the Logical Link Control (LLC) sublayer for the ISO [IEEE] Local Avea Nelwork
standard (see Fig 2-1), The services are degeribed in an abstract way and do not imply any pavticular
implementation, or any exposed interface. There is not necesgsarily a one-lo-one correspondence between
the primitives and the formal pracedures and interfaces deseribed in 4,2 and 4.3,

o8l LAN
REFERENCE MODEL CSMAICD
LAYERS LAYERS
APPLICATION © HIGHER LAYERS
PRESENTATION LLG
/| LOGICAL LINK CONTROL
L ks s toct
G
SESSION , 7 lMeEoia AccEsS contRoL]|  beoTE b OTE
/ " (AUI not
LS exponad
TRANSPORT ;71 PHYSICAL SIGNALING )
I o)
ro,0 - .
NETWORIK , : :
7 : e AU
’ : :
DATA LINK / : -
PiAA MAU
PHYSICAL N
- ] | - MOl
§ WMEDIUM §
AUl = ATTACHMENT UNIT INTERFACE
MAL = MEDIUM ATTACHMENT UNIT
MDI = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT

Hig 2.1
Service Specification Relafion 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 support may be provided for resetting the MAC sublayer entity 1o a known state.

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

2.2.3 Overview of Interactions

MA_DATA. request
MA _DATA.indication

2.2.4 Basic Services and Options. The MA_DATA request and MA_DATA indication service primi-
tives described in this section are considered mandatory.
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2.3 Detailed Bervice Specification
24,1 MA_DATAveguest

2.3.1.1 Function. This primitive defines the transfor of duia fon o ol LLE sublayer entity (o o sin
gle peer LLC entity or multiple peer LLO entitivs in the cage of group addreszes,

2.8.1.2 Bemantics of the Service Primitive. The semantics of the primitive are as follows:

Ma&_DATA request {
destination_address,
m_sgda,
service_clasa
}

The destination_address parameter may speeily either an individusd or a group MAC entity address, It
must contain sufficient information to ereate the DA field that is appended to the frame by the local MAC
sublayer entity and any physical information. The m_sdu parameter specifies the MAC service daia unit Le
be transmitted by the MAC sublayer entity, There is sufficient information agsociated with m_sdu for the
MAC sublayer entity to determine the length of the data unit, The service_claes parameter indicates a
quality of service requested by LLC or higher layer (see 2.3.1.5).

281,38 When Generated. This primitive is generated by the LLE sublayer entity whenever data shall
be transferred to a peer LLC entity or entities. This can be in response lo a request from higher protocol
layers or {rom data generated internally to the LLC sublayer, such as required by Type 2 service,

2.3.1.4 Bifect of Receipl. The receipt of this primitive will cause the MAC entity to append all MAC
specific fields, including DA, SA, and any fields {hat are unique to the particular media access methed, and
pass the properly formed frame to the lower protocel layers for transfer to the peer MAC sublayer entity or
entities.

£.8.1.5 Additional Comments. The CEMA/CD MAC protocol provides a single quality of service
regardless of the service_class requested.

2.5.2 MA _DATA indication

2.3.2.1 Function. This primitive defines the transfer of data from the MAC sublayer entity o the LLC
sublayer entity or entities in the case of group nddresses.

2.3.2.2 Semanptics of the Service Primitive, The semantics of the primitive are as follows:

MA_DATA.indication (
destination_address,
souree_address,
m_sduy,
reception_status

)

The destination_address parameter may be cither an individual or a greup 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 MAL service data unit as 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_DATAindication is pasgsed from the MAC sublayer entity 1o the
LLC sublayer entity or entities to indicate the arvival of a [rame fo the local MACQ sublayer entity. Such

‘
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CENAICTE
frames are reporied only if they are validly formed, received without error, and their destinalion addross
designates the local MAC entity.

2.5.9.4 BEffect of Receipi, The effect of receipt of this primitive by the LILC sublayer is unspecified.

2.8.2.8 Additional Cominents. 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 invoked by the MAC entity
to the local LLC entity. This {ull duplex characteristic of the MAC sublayer may be due to unique function-
ality within the MAC sublayer or full duplex characteristics of the lower layers (for example, all frames
transmitted to the broadeast address will invoke MA_DATA.indication at all stalions in the network
ineluding the station that genervated the request).
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8. Mediza Avecess Conirel Frame Biructure

2.1 Overview. This section defines in detail the frame strocture for data communication systems using
lacal area network MAC procedures. It defines the relative positions of the various companents of the MAC
frame. It defines the method for representing station addresses. It defines a partition of the address space
into individual {single station} and group {(multicast or multistation) addresses, and into user administered
and globally administered addresses.

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

T OCTETS [PREAMBLE

1OCTET  isep

204 6 OCTETS |DESTINAFION

ADDRESS
[<3 2
2 0n 6 ocTETS | SOUNCE QCTETS WITHIN
ADDRESS
FRAME THAHSMITTED
2 OCYETS |LERGTH TOP-TO-BOTTOM
LLC DATA

p—
v
¥
H
'
.
¥
v
T
.
"
1
x
+
H
.
.
+
H
H
H

PAD

4 CCTETS | FRAME CRECIK SEGUENCE

159 M5B

50 DITSWITHN b
FRAKE TRANSMITTED

LEFT-TO~RIGHT ———2s

Hig 3-1
MAC Frame Format

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

Relative to Fig 3-1, the vetets of a frame are transmitied from top to bottom, and the bits of each octet are
transmitted from left to right.

3.2 Elements of the MAC Frame

3.2.1 Preamble Field. The preambie field is a T-octet field that is used to allow the PLS circuitry to
rench its steady-stote synchronization with the received frame timing (see 4.2.5).
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2.2.92 Start Frame Delimiter (SHD) Field, The SFD field s the sequence 10101011 10 mmmediaiely tob
lows the preamble pattern and indieates the start of a frame.

9.2.3 Address FMields, Each MAC frame shall contuin two address fields: the Destination Address teld
and the Souree Address ficld, in thul order, The Destination Address field shall speetly the destination
addressen(s) for which the frame is intended. The Souree Address field shall identify the station from whicls
the frame was initizted. The represeniation of each addrass field shadl Le us follows (see Fig 3-21

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

(2)  The support of 16 or 48 hit address fength for Source and Destination Address shall be left to the
manufacturer us an implementation decision. Theve is ne requirement that manufacturers support
hoth sizes.

(3} The fivst bit (LSB) shall be used in the Destination Address field as an address type designation bit
io identify the Destination Address cither as an individual or as a group address. In the Souree
Address field, the first bit is reserved and set to 0. If this bit is 0, it shall indicate that ihe address
feld contains an todividual address, [T this bit is 1, it shall indicate that the address field contains a
groun address that identifies none, one or more, or all of the stations connected Lo the local mea
network.

(1) For 48 bit addresses, the second bit shall be usad to dislinguish belween locully nr globally adminis-
tered addresses. For globally administered (or U, universni) nddvesaes, the bit is set to O, I an
address is to he assigned loeally, this bit shall be sei to 1. Note that for the broadeast address, this
bit is also a L

(51 Kach ocict of each address field shall bo transmitied least significant bit iirat.

4B BIT ADDRESS FORMAT

|
1/ LA 46 (307 ADDREGS 5}

16 BIT ADDRESS FORMAT

rns 15 T ADLRRERS

G = O NDIIDUAL ADDIESS
G GROUF ADDRESS

o

U/ GLOBALLY ADMIISTERED ADDRES
UL = 1 LOCALLY ADBMINIGTERED ADBDRESS

Pig 3.2
Address Ficld Formuat

3.2.3.1 Address Deeignatioyn A MAC sublayer address iz of one of two (ypoes:

(0 Individual Address. ™he address associated witli o particular station on the network,
(2)  Growp Address, A mulitidestination address, associated with one or riore stalions on a given net-
work. There ave two kinds of multicast address:
(a)  Mrulicasi-Group Address. An address associaied by higherdevel convention with a group of tog-
ically related stations.
(b) Broadeust Address. A distinguished, predefined multicast address that always denotes the set
of all stations on a pdven local area network.

All I’'s in the Destination Address field {or 16 or 48 bil address size LANs) shall be predefined to be the
Tiroadeast address. This group shall be predefined fov each cormmunication medinm te consist of all stations
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poisvely connceted to that seedivrne H shall be used ts broadeass to all the active ststions en that medivm,
All stations shall be able ta recognize the Broadeast address T8 s nod necessary thai astation be capahle of
goperathnyy the Broadeast address,

The address space shell also be partitioned iofe locally sdministered ond globally administered
addrpases, The nature of & body ’*ﬂd the procodures by which i adminigters these global (177 nddresses 15
heyond the scope of this :-;‘Lamim d.

3.2.4 Bestination Address Field. The Destinotion Addressy field specifies the stafionts) Tor which the

frame Is intended. It may be an individual or multicast Gnoduding broadeast) address,

2.2.5 Bource Address Fleld. The Sovree Address lleld specifies the station sending the frame. The
Souree Address feld is nol interpreted by the CSMA/GD MAC sublayer,

3.8.6 Longth Field. The length field is a 2-octet Reld whose value? indicates the number of LLC data
octets in the data field. If the value is less than the miniioum required for proper operation of the protucol,
a PATL field (a sequence of oeteis) will be added at the end of the data field but p;‘i('zr o the FOB field, speci-
fied below, The procedure that determines the zize of the pad field is specified in 4.2.3. The lengih field is
fransmitied and received with the high order octet first.

3.2.7 Date and PAD Tields. The data field containg a sequence of v octets, Full doia transparency is
provided in the sense that any arbitrary seguanice of octet values may appear in the data field v {0 o s
i number specified by the implementation of this strudard that fs used. A mfnimam frame size is

required for correct CSMA/CD protacol eperation and iy ‘a])LUﬁL‘(I by the particular implementation of the
standard. If necessary, the data field 15 extended by appending extea bits (that is, 5 pad) in units of oclets
after the LLC data field but pror to caleslating and appending the U8, The size of ihe pad, i any, is deter-
mined by the size of the data field sapplied by LLC and the minimum frame size and address stzo parame-
ters of the particolar implementation. The maximum size of the date feld is determined by the maximum
frame size and address size parameters of the particolar implementation,

The length of PAD) field roquired for LLO data that ig 1 oetels Iong is max (0, minFrameSize - (8w n ¢ 2
# addressSize + A8) hits, The mazimum possible size of the LLE data figld is maxlrameSize - (2 % ad 3ref;s-
Hize + 4898 octets, See 4.4 for a discossion of implemeniation parameters; see 1.2.3.3 for 5 diseusgion of the
minfframeSize.

3.2.8 Frome Checkh Seguence Field, A eydic redundancy check (CRO) 18 used by the transmil and
reccive algorithms to generale a CRO value for the FCS field. The frame cheek sequenee (FCS) ficld con-
taing 2 d-ociel (32-hit) evolie redundancy check (CRCY value. This value is computed as 2 funciion of the
conients of the sowree ‘1d(_lll}b%, destination address, length, LLE date and pad (that is, all felds except the
preamble, SFD, and FCS). The encoding is defined by the following generating pelynomial,

n

Gy = 552 4 x20 0 g2 4 o2 0 010 gl g1 w10 B 0¥ Bt % g

Mathematically, the CRC value corresponding to a piven frame iz defined by ihe follewing provedure:
3 i b ) £

{1y The first 32 bits of the frame are comptemented.

{2} The n bits of the frame are then considered to be the cooificients of & polynonsal M(x) of degree n-1
(The first bit of the Destination Address field eorresponds to the ' term and 1he last bit of the
data field corresponds to the £% term.)

(3)  M(x) is multiplied by 292 and divided hy Gix), producing a remainder Rix) of degree <31.

Gt} The coefficients of Bix) are considered to be a 32-hit sequence,

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

Ta apply for an Orgenization.
Department, PO, Box 1331,

“Tor information nn how de nse MAL addresses, soe IEEE St 802-1800, Overview zad Avchitecta
ally Unigue Identifier for building a MAC addre mniaaf Hli‘ Registralion Avthority, IEEE Standard
445 Moos Lane, Piaeat: Ay, M BEGA-1331, USA, (D081 862.3813; fax (001 562-1571,

7 Packets wilh a lengeh field vadue grentes than these s spovificd in 44,2 may be ipeered, discarded, or vsed in g private manner. The
use of such packets 18 beyond the scope of ihis standard,
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The 32 bits of the CRC value are placed in the frame check sequence field so that the €2 term is the left-
most bit of the first oetet, and the =¥ term is the right most bit of the last octet. {The bits of the CRG are
thus transmitted in the order %31, 530, .| 21, %0) See referonce [A18].

3.3 Order of Bit Trensmission. Bach octet of the MAC frame, with the exception of the FCS, ig
transmitied low-order hit first.

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

{1) The frame length is inconsistent with the length ficld.

(2) Ttis not an integral number of actets in length,

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

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

4,1.1 Overview. The architectural model described in Section 1 iz nsed in this seciion to provide a lune-
tional description of the Local Area Network CSMA/CD MAC sublayer.

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

The LLC sublayer and the MAC sublayer together are intended to have the same function as that
described in the O8] model for the Data Link Layer alone, In a broadeast netwerk, the notion of a data link
batween two network entities does not correspond divectly 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 proeedure to be performed in the MAC sublayer. They ave as follows:

{1y Data encapsulation {transmit and receive)

(a) Framing (frame boundary delimilation, frame synchranization)

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

{c) Irror detection (detection of physical medium transmission errors)
(2) Media Access Managemont

{a) Medium allocation (collision avoidance)

{I)  Contention resolution (eollision handiing)

The remainder of this section provides a [unctional model of the CSMA/CD MAC mothod.

4.1.2 CEMA/CY Operation, This section provides an overview of frame transmission and reception in
terms of the functional model of the architecture. This overview is deseriptive, 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 architectoral
mode] described functionally in the sections that follow.

The Physical Layer Signaling (PLS) component of the Physical Layer provides an interface to the MAC
sublnyer for the serial iransmission 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 specifics-
tion of these functions is given in 4.2 for the MAC {unctions and in Section 7 {or PLS.

Transmit frame operations are independent from the recefve frame operations. A transmitted frame
addressed to the originating slation will be veceived and passed to the LLC sublayer at that station. This
characleristic of the MAC sublayer may be implemented by functionality within the MAC sublayer or ful}
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 compenent 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 CBMA/CD MAC sublayer also appends a PADY at
the end of the MAC information field of sufficient length to ensure that the transmitted frame length satje-
fies a minimum frame size requirement (see 4,2.3.3). It also appends destination and source sddresses, a
length count field, and a frame check sequence to provide for error detection. The frame is then handed to
the Tranzmit Media Access Management component in the MAC sublayer {or transmission,

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

The PLS performs the task of actually gencrating the electrienl signals on the medium that represent the
bits of the frame. Simultancously, it monitors the medium and generaies the coflision detect signal, which,
in the contention-fred¢ ease under discussion, remaing off for the duration of the frame. A functional deserip-
tion of the Physical Layer is given in Beciions 7 and beyond,

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

4.1.2.1.8 Reeeption Without Contention. At each recoiving station, the arrival of a frame is firgt
detected by the PLS, which responds by synchromizing with the incoming preamble, and by turning on the
earrier sense signad. As the encoded 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-
carded, np to and including the end of the preamble and Start Frame Delimiter.

Meanwhile, the Recetve Media Access Management component of the MAC sublayer, having obzerved
carrier sense, has been wailing for the incoming bits {o be delivered, Receive Media Aceoss Management
eollects bits from the PLS as long as the carrier senge signal remains on, When the carrier sense signal is
removed, the frome is iruncated to an octet bovndary, if necessnry, and passed to Receive Daia Decapsula-
{ion for processing.

Teceive Data Decapsulation checks the frame’s Destination Address field to decide whether the frame
should he received by this station. If so, it passes the Deslination Address (DA), the Source Address (8A),
and the LLC data unit (LLCDU) to the LLC sublayer along with an appropriate status code indicating
reception_vomplete or reception_too_long. It also checks for invalid MAC frames by inspeeling the frame
check sequence to detect any damage to the frame envoute, and by checking for proper octei-boundary
alipnment of the end of the frame. Prames with a valid FCS may also be checked for proper octel boundary
alignment.

4.1.2.2 Access Intorference and Recovery, If multiple stations attempt bo transmil al the smme
time, it is possible for them {o interfere with cach other’s transmissions, in spite of their aifempts to avoid
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1his by deforrimg, When transmissions frem two stalions overtap, the resutiing contention b called o colli-
gion. & given station can expericnce a collision dunmy the tnitial paet of He brosgmission (the eslhision win-
dow ) before its fransimnitied signal hos had toe o gropaiade {o all stations on the Cf ,ﬁuifs,(?}} medit,
Onee the collision window has passed, o lrpnsmitiing sistion is soid i have acquired 1i‘1t= mrsdiurs“a; gnbue-
guent collisions are wvoided since ol uther (properly functioning) siutivns can be asswned to huve noticed
the signal (by way of carrier sense) and to be deferding (o it The time o acquire the medium is this based
o the round-trip propagaiion tine of the physies] layer whese elements inclode the PLE, PMA, and physi-

Sex

eal medium,

in the event of a collision, the transmitling staliov's Physical Layer initially nofices the inferierence on
the medium and then btwns on the collision detect sipnal, This is noticed in turn by the Transmit Media
Aeeess Managenment componeni of the MAC sublayer, and collision Landling begins. Firat, Teransimit Media
Access Managementi enforees the collision by transmitling » bii sequence ealled jam. Tn 4.4 an implementa-
tion thal uses this enforconient procedure is provided. This ensures that the duration of the collision iz suf
ficient i he noticed by the other tranpmitting sistion(s) involved in the collision, After the jam i3 sent,
Tranemit Medin Aceess Managemont ferminates the fransimission and schedules another trangmission
altempt sfter a randomnly selevied time interval. Retransmission is attempted again in the face of repeated
collisions. Since repented eollisions indicate a busy medium, however, Transmit Medis Access Management
attempts io adjust fo the medium load by backing ofl (voluniarily delaying itz own vefransmissions {o
reduce its load on the medium), This is accomplished by expanding the interval framn which the randomn
retransmission time is selected on each successive transmit attempt. T‘venfu'llly eithoer the transmission
succeeds, or the atlempt is abandoned on the agsomption that the medium has failed or has beceme ovor
loaded.

Al the receiving end, the bits resulling from & collision ave received nrd decoded by the PLE just a3 ave
the bite of a valid frame. Fragmentary frames received duving collisions are distinguished from valid trans-
missions by the MAC sublayer’s Reeeive Media Access Management component,

4.1.3 E{daiwnbhips to LLO Sublaver and f’hysmzz[ Layew The CSMA/CD MAC sublayer provides
S(’]'VILC:G to tha ILLC sublayer required for the transmission and reception of frames. Aceess to these services
i speeified in 4.3, The CSMA/CD MAC sublayver makes a best effort to acquire the medium and transfor a
serial stream of bils to the PLS, Although cortain errors arve reporfed to the LLO, error recovery is not pro-

vided by MAC. Error vecovery may be provided hy the LLC or higher (subjlayers,

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

{1} Tor Frome Transmission
{n) Accepls dats from the LLC sublaver and construets o frame
(Ih)  Presents n bit-serial data stream to the ghysieal layer for trangmission on the medinm
ROTE: Assumes data passed from the LLO sublayer ave cefet multiples,
(2}  For Frame Receplion
(a} Reeeives a bit-serial dota stream from the physicad layer
(h)  Presenis to the LLC sublayer frames that are esther broadeast {rames or divectly addressed to

t]l(?, lf)(:k'il stalion
(e} Discards or passes to MNetwork Manogement all {rames not addressed to the receiving station

{3) Delers bransmission of a bit-serial stresm whenever the physical medinm is busy
() Appends proper FCS value to oulgoing frames and verifies full octel bounday alignment
£5)  Checks incoming frames for transmission crrors by way of PCS and verifies ocler boundary align-

ment

{6} Delays transmission of frame bit slream for specified interframe pap period

{7)  Halts transmizsion when collision is detected

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

(M Enforces coflision to ensure propagation throughout network by sending jam message

(10) Discards received {ransmissions that are less than a minimum lenglh

{11} Appends preamble, Start Frame Delimiter, DA, 8A, length count, and FCS {o ol frames, and inseris
pad field for frames whose LLC data lenglh is less than a minimum valoe
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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
Lome  ACCESS TO 410 SUBLAYER s
THANSMIT AECENE
DATA ERCAPBULATION DATA DECAPSULATION
i3 b
! 1
TRANSIIT MEDHA RECENVE MEDIA
ACCESS MANAGEMENT ACCESS HMANAGERERT
hI4ETBIN 235912
S ACGESS TO FAYSICAL IUTERFACE — T
TRANSHIT RECENVE
DATA ERCODING DATA DECODING

PHYSICAL EAYER SIGNALING
NOTE: Numbers refer io {unclionn linted in 4,14,

Fig 4.2
CEBMAMCD Medin Access Control Functions

4.2 CSMA/CD Medin Access Control Method (MAQC): Precise Specification

4.2.1 Introduction. A precise algorithmic definition is given in this section, providing procedural model
for the CSEMA/CD MAC process with a program in the computer language Pascal. See references [A2] and
[AL17} for resource materinl. Note whenever there is any apparent ambignity concerning the definition of
some aspect of the CEMA/CD MAC methed, it is ihe Pascal procedural specifiealion in 4.2.7 through 4.2.10
which should be consulied for the definitive statemnent. Sections 4.2.2 through 4.2.8 provide, in prose, a
description of the access mechanism with the formal terminology to be used 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 Innguage Pascal. This procedoral model is intended
as the primary specification of the funetions to be provided in any C8MA/CD MAC sublayer implementa-
tion. It is important to distinguish, however, between the model and a real implementation. ‘'he model is
optimized for simplicity and clarity of presentation, while any realistic implementation shall place heavier
emphasis on such constraints as efficiency and suitability to a particular implementation technology or
computer architecture. In this context, several important propertics 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 descripfion of the MAC sublayer in a computer language is in
no way intended to imply that provedures shall be implemented as o program execuled by a computer:
The implementation may consist of any appropriate technology including hardware, firmware, soft-
ware, or any combination.

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

{(3) The handling of incoming and outgoing frames is rather stylized in the procedural model, in the
sense that frames are handled as single entities by most of the MAC sublayer and are only serial-
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jzed ibr presentation lo the Phyaical Loayer In veality, many implementaiions will instead handle

framoes serially onoa bit, eted or word basis, 'Phig approach has not been reflected in the procedural

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

WY, .

{4} The model consists of algorithms designed to be execuied by a numiber of coneurrent processoes;
these algorithms collectively implement the CSMA/CY procedure. The timing dependencies intro-
duced by the necd for conourrent activity are resolved in two ways:
ta) Processes Versus External Bvents. 1€ 1s assumed that the algorithms are excouted “very fast”

relative to external events, in the sense that a proeess never falls behind in ite work nnd fails to
respand o an extornal event in a timely manner, For example, when a frame is to boe received,
it 15 agsumed that the Media Access procedure ReceiveFrame is always called well before the
frame in gueslion has started to arrive.

(1) Processes Versus Processes. Among processes, no assumptions are made ahout relative speeds of
execution. This means that each interaction belween two processes shall be structured 1o work
caorrectly independent of their respeclive speeds, Note, however, that the timing of interactions
among procosses i often, fn part, an indirect reflection of the timing of external evenis, in
whiclh case appropriate timing assumptions may still be made.

Il is intended that the concurrency in the model reflect the parellelism intvinsic to the task of imple-
monting the L1LO and MAC precedures, althongh ihe actual parallel strvcture of the implementations is
likely to vary.

4,222 ilze of Pazeal in the Procedural Model. Several observations need o be made regarding
the method witl which Pascal is uged for the model. Some of these observations are as follows:

(1) Some limitations of the languape have heen circumvented Lo simplify the specification:

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

{hy  The process and cyele constructs of Concurrent Pascal, a Pascal derivative, have been intro-
duced to indicate the sites of autonomous concurrent activity. As used here, a process is simply
a parameterless procedure 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 ond i
executed repeatedly forever.

(¢} The lack of variable array bounds in the language has been civcumvented by treating frames ag
il they are always of a single fixed size (which is never actually specified). The size of a frame
depends on the size of its data field, henee the value of the “pseudo-constant” frameSize should
be thought of as varying in the long-term, even though it iz fixed for any piven frame.

{d) The use of a varianl vecord to represent a {rame (as fields and as bits) follows the spirit but not
the letter of the Pascal Report, since it allows the underlying representation to be viewed as
two different data types.

(21 The model makes no use of any explicit interprocess synchronization primitives. Instead, all inter-
process interaction is done by way of carefully stylized manipulation of shared variables, For oxam-
ple, some variables are set by only one process and inspected by another process in such a manner
that the net result is independent of their execution speeds, While such technigues are not generally
suitable for the constroction of large coneurrent programs, they simplify the model and more nearly
vegemible the methads appropriate to the most Hkely implementation technologies (microcode, hard-
ware state-machines, efe.)

4.2.2.3 Orgenization of the Procedural Model. The procedural modal vsed here is based on five
cooperating concurrent processes. Three are actually defined in the MAC sublayer. The remaining two pro-
cesses are provided by the clienis of the MAC sublayer (which may include the LLC sublayer) and utilize
the interface operations provided by the MAC sublayer. The five processes are thus:

(1} PFrame Transmilter Process
(2} Frame Receiver Proceys
(3)  Bit Transmitter Process
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(4) Bit Receiver Process

{8) Deference Process

This organization of the model is illustrated in Fig 4-3 and refleels the fact that the communication of
entire Hames is initinted by the cdient of the MAC sublayer; while the timing of collision backoff and of

individual bit transfers is based on interactions between the MAC sublayer and the Physical-Tayer-
dependent bit time.
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Vig 4.3
Helationship Among CEMA/CD Procedures

Figure 4-3 depicts the static structure of the procedural model, showing how the varicus processes and
procedures interact by invoking each other. Figures 4-4 and 4-5 summarize the dynamic behavior of the
mode] during transmission and reception, focusing on the steps that shall be performed, rather than the
procedural strocture 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 functions, thiz Procedural 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 heen added as 5.2.4. Note that Pasenl variabies are shared between Sections 4 and 5, Within the Pas-
cal deseriptions provided in Section 4, a "7 in the left margin indicates a line that has been added to sup-
port management services, These lines alc only required if Layer Management is being implemented.
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These changes do not affect any aspect of the MAC behavior as vhserved al the LLO-MAC and MACPLE
interfaces of [BO/IRC 8802-3 : 1980,

The Pascal procedural specification aball be conzulted for the definitive statement when there is any
apparent ambiguily concerning the definition of seme aspecl of the CEMA/D MAC access method.

4.2.3 Frame Transmission edel, Frame transmission includes data cocapsuiation and Media Access
management aspecls:

(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, snd collision backofl and retransmission.

4.2.3.1 Transmit Dais BEncapsulation

4.2.3.1.1 Framoc Assembly, The ficlds of the CSMA/CD MAC frame ave set to the values provided
by the LLC sublayer as arguments to the TransmitFrame operation (sce 4,3} with the exception of the pad-
ding necessary to enforee 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 Framo Check Sequence Generation. The CRO value defined in 3.8 is penerated and
inserted in the {rame check sequence field, following the fields supplied by the LLC sublayer.

4.2.3.2 Transmit Medio Access Managemeni

4.2.82.1 Carrier Deference. Even when it has nothing to transmit, the CSMA/CD MAC sublayer

maonitors the physical medium for traffic by watching the carrierSense sipnal provided by the PLS, When-
ever the medium s busy, the CSMA/CD MAC sublayer defers to the passing frame by delaying any pending
transmission of its own. Afier the last bit of the passing frame (that is, when carrierSense changes from
true to falze), the CSMA/CD MAC sublayer continues to defer for & proper interFrameSpacing (sce
4.2.3.2.2),

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

When a frame is submitted by the LLC sublayer for transmission, the transmission is initiated as soon
as pessible, bul in conformance with the rules of deference stated above.
NOTE: 1t is pogsible for the PLS corrier sense indication to fail te be asseried brielly doring o collizion on the media. If the Deference
process simply tmes the interFrame gap hased en this indieation it iz pozsible for a shord imterFrame gap 1o be generated, loading fo
a polentinl receplion faiture of a subsequent frame. To enhance system robustness the following optional measures, as speeified in
4.2.8, are recommended when isterframe SpacingPartl is other than zero:
1) Upon corapleling a trangmission, start {iming the interpacket gap aa soon as trapsmitting and carrierSense are both falze,
{2) When timing an interPrame gap following reception, reset the InterPrame gap timing i eavsderSense bocomes troe during Uie fivst
24 of the interl'rame gap timing interval. During the final 1/3 of the interval the timer shall not be rezel o ensure fair access 1o (he
medinm, An initial perisd sherler than 243 of the interval is permissible including zero.

4.2.3.2.2 Interframe Spacing. As defined in 4.2.3.2.1, the rules for deferring to passing framoes
ensure a minimum interframe spacing of interFrameSpacing seconds. This is intended to provide inter-
frame recovory fime for other CSMA/CID sublayers and for the physical medium.
Note that interFrameSpacing is the minimum value of the interframe spacing. If necessary for imple-
mentation reagons, a transmitting sublayer may use a larger value with a resulting decrease in its
throughput, The larger value i determined by the parameters of the implementation, see 4.4,

4.2.3.2.3 Collision Handling. Onee a C3MA/CD sublayer has finished deferring and has staried
transmission, it is still possible for it to experience contention for the medium. Collisions can oceur nitil
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 ilie 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 tme of the medium.
{(2) Itis an upper bound ao the length of a frame fragment generated by o colbsion.
(37 It is the scheduling guanium for retransmission,

To fulfitt all three {unctions, the slot time shall be farger than the suin of the Physieal Layer round-irip
propagation time and the Media Access Layer maximum jom time. The slot time is determined by the
parameters of the implementation, see 4.4,

4.2.5.2.4 Collision Detection and Eanforcement. Collisions are detected by monitoring the eolli-
sionDeteet gignal provided by the Physical Layer. When a collision iz defecied during a frame transmis-
ston, the lransmizssion is not terminated immedintely. Instead, the transmission continues until additional
bits specified by jamSBize have been transmitted (counting [rom the time collisionDetect went on). This col-
lision 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 op
varialide patlern convenient to the Medin Access implementation, however, the implemeniaiion shall not be
intentionally designed to be the 32-bit CRC value corresponding to the (partial} frame transmiited prior to

ihe jam.

4,2.3.2.5 Collision Bacloifl and Retransmission. When a transmission attempt has terminated
due fo a collision, it is retried by the transmitting CSMA/CD sublayer unlil either it is suceessiul or a max-
imum number of attempts (attempilimit) have been made and all have terminated due to collisions. Note
that all attempts to fransmit a given frame are completed before any subsequent outpoing frames are
transmitted. The scheduling of the retransmissions is determined by a controlied randomization process
atled “truncated binary exponential backolf.,” At the end of enforcing a collision (jamming), the CEMA/CD
snblayer delays before attempling to retransmit the frome. The delay is an integer multiple of slotTime.
The number of slot times to delay before the nth retransmission attempt is chosen ag a vouiformly distrib-
uted random integer v in the range:

0xr<2k
whaore
kk = min {n, 10}

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

Note that the valnes given above define the most aggressive behavior that a station may exhibit in
attempting to retransmil afier a collision. In the eourse of implementing the retransmission scheduling
procedure, a station may iniroduce extra delays that will degrade ifs own throughput, but in no case may a
station’s retransmission scheduling result in a lower average delay between retransmission attempis than
the procedure defined above.

4.2.3.8 Minimum Frame Size. The CSMA/CD Media Access mechanism requives that a mininmum
frame length of minFrameSize bils be transmitted. If frameSize is less than minl'rameSize, then the
CEMA/CD MAC sublayer shall append extra bits in units of octets, after the end of the LLC data ficld but
prior to ealcolating, and appending, the FCS. The number of extra bits shall be sufilcient to ensure that the
frame, from the DA field through the I'CS field inclusive, is at least minFrameSize bits, The content of the
pad is unspecified.

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

(1} Receive Data Decapsulation comprises address recognition, frame check sequence validalion, and
firame disassombly to pass the fields of the received framo to the LLC sublayer.

(2) Receive Media Access Management comprises recogmition of collision fragments from incoming
frames and truncalion of frames to octet boundaries.
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2.2.4.1 Receive Data Decapsulation

42411 Address Recogailion, The CSMA/CD MAC subloyer is capable of recognizing 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 accepls any frame whose DA field
containg the Broadeast address,

The CSMA/CD MAC sublayer is eapable ol activating some aumber of group addresses as specified by
higher layers. The CSMA/CD MAC sublayer recognizes and accepts any frame whose Destination Address
ficld containg an active group address. An active group address may be deactivated,

4.2.4.1.2 Frame Check Sequence Validation, FOS validation is essentially identical {0 FCS gen-
eration. If the bits of the incoming frame (exclusive of the FCS field iiself) do not generate a ORO value
identical {o the one received, an error has oceurred and the frame is identified gs invalid.

4.2.4.1.3 Frame Disaszembly. Upon recognition of the Start Frame Delimiter at the end of the pre-
amble sequence, the CSMA/CD 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
ReceivelPrame operation,

4.2.4.2 Receive Media Access Management

4.2.4.2.3 Framing, The CSMA/CD sublayer recognizes the boundaries 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 numhber
of octets,

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

(2} Integer Number of Octlets in Frame. Since the format of a valid frame specifies an integer number of
octets, only a collision or an error ean produce a frame with a length that is not an integer multiple
of 8 hits. Complete frames (that is, not rejected as collision fragments; see 4,2.4.2.2) that do not con-
tain an integer number of oclels are truncated to the nearest octet boundary, If frame chech
sequence validation detects an error in sueh a frame, the status code alignmentBrror is reported.

4.2,4,2.2 Collision Filtering. The smallest valid frame ghall be at least one slotTime in length,
This determines the minFrameSize. Any frame containing less than minFrameSize bits is presumed to be
a fragment resulting from a collizion, Since oceasional collisions are a normal parl of the Media Access
management procedure, the discarding of such a fragment is not reported as an errvor 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 hit 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 first bit of a new frame, PhysicalSignalEneap
shall first transmit the preamble, a bit sequence used {ov physical medivin stabilization and synchroniza-
tion, followed by the Start Frame Delimiter. 1, while transmitiing the preamble, the PLS asserts the colli-
sjon detect signal, any remaining preamble bits shall be sent. The preamble pattern is:

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

ter encoding, it appears ag o periodic waveform on the medium that enables bit synchronization. It should
be noted that the preamble ends with a “0.”
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4.2.8 Bteri Frame Seguence, The PLS recognizes the presence of aetivity on the medinm through ihe
carrier sense signal, This is the first indication that the frame reeeption process should begin, Upon reeep-
tion of the sequence 1018101 immediately following o latter port of the preamble paticen, PhysicalBSignals
Dlecap shall begin passing successive bits 1o ReceiveLinkMpmt for passing to the LLC sublayer

£.2.7 Global Beclarntions. This scction provides detailed formal specifications for the CSMA/CD MAC
sublayer. It is a specification of generie features and pavameicrs to be uszed in systems implementing this
media access method. Subsection 4.4 provides values for these sets of parameters for recommended imple-
menlations of this medis aceess mechanism,

4271 Common Constants and Types. The following declarations of constants and types are used
by thie frame transmission and reception sections of each CSMA/CD sublayer:

const

addressBize = .. 5 |16 or 48 ils in complinnce with 3.2.8

fenpthSize = 16; {in bits)

LLCdalaSize = ...; {LLC Data, see 4.2.2.2, (1)(¢))

pad®ize = ,.; {in bits, = max (0, minFrameSize - (2 % addressSize + lengthSize + LLCdataSize +
ereSizeld)

dataSize = .. = LLCdataSize + padSize)

creSize = 32; {32 bit CRC = 4 oetets)

frameSize = .. [= 2 » addressSize + lengthSize + dataSize + creSize, see 4.2.2.2(1)}

minFrameSize = ... {in bits, implementation-dependent, see 4.4)

stotTime = ... ; {unil of ime lor collizion handling, implementation-dependent, see 4.4}

preambleSize = ... ; {in bits, physical-medinm-dependent)
s{dSize = 8; {8 hit start {rame delimiter}
header3ize = ...; {sum of preambleSize and sfdSizel

tvpe

Bit = 0..1;
AddressValue = array [1..addressSize] of Bit;
LengthValue = array [1. lengthSizel of Bii;
DataValue = array |1..dataSize} of Bit;
CRCValue = array {1..creSize} of Bit;
PreambleValue = erray [1..preambleSize] of Bit;
SfdValue = array {1..s{dSize] of Bif;
ViewPoint = {fields, bila); {'Two ways to view the cantents of a frame)
HeaderViewPoint = (headerFields, headerBits);
Frame = record {Format of Media Access frame)
case view: ViewPoint of
fields: {
destinationField: AddressValue;
soureeFicld: AddressValue;
tenpihiield: LengthValue;
dataField: DataValue;
fesfield: CRCValue);
bits: (contents: arroy (1. rameSize] of Bit)
end: [Frame)
Header = record {Format of preamble and stavt frame delimiter]
case headerView  HeaderViewPoint of
headerPields : (
preamble | PreambleValue;
sfd ; SidValuey;
headerBits : (
headerContents : array [1. headerSize] of Bit)
end; [defines header for MAC frame)

CISCO 1022
Cisco v. ChriMar




ISO/ARC 5302-3 ; 19003
ANSIIEEE Std 802.3, 1903 Edition LOCAL ANV METROPOLITAN AREA NETWORKE

4.2.7.9 Transmit Sinle Variables. The following lems ave specific (o frame teansiniseion. (See also
4.4}

const
interFrameS3pacing = ... ; {minimum time between {rames]
interFrameSpacingPartl= ...;iduration of first poriion of interFrame timing. In range 0 up to 2/3
interFrameSpacing}
interFrameSpacingPari2= ...;{duration of vremainder of interFrame timing. DEgqual to
interFrameSpacing ~ interFrameSpacingPart1)

attemnptLimit = ... ; (Max number of times to attempt transmission]

backOFLimit =.., ; {Limit on number of times to back ofi}

jamBize = .., ; {in bits: the value depends upon medivm and collision deteet implementation)
var

outpoingFrame: Frame; {The frame to be transmitted)

outgoingllender: Header;

currentTransmitBit, lastTransmitBit: 1. frameSize;

{Positions of current and last outgoing bits in oufgoingFrame)

lastifeaderBit: 1. headerSize;

deferring: Boolean; (Implies any pending transmission must wait for the mediom to clear]
frameWaiting: Boolean; {Indicries that outgoingFrame is deferring}

attempis: G..attemptLimit; (Number of transmission attempts on eutgoinglramel
newCollision: Boolean; {Indicates that a collision has oceurred but has not yet been jammed)
transmitSucceeding: Boolean; {Running indicator of whether transmission is suceeeding]

4,2,7.3 Receive State Variables. The following items are specific to frame reception. (See also 4.4.)

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

4.9.9.4 Summary of Interlaver Interfaces

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

type
i TransmitStatus = (transmitDisabled, transmitQK, excessiveCollisionBrror);
{Result of TransmitFrame operation}
i ReceiveStatus = (recoiveDisabled, receiveQK, frameTooLong, frameCheckError, lengthlrror,
alignmentError); {Resull of Receivelrame operalion}

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

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

var
earrierSense: Boolean; {Indicates incoming bits)
transmitling: Boolean; {Indicates vulgoing bits)
wagtransmitting: Boclean; {Indicaies transmission in progress or just completed)
collisionDetect: Boolean; {Indicates medium centention}
procedure TransmitBit (bitParam: Bit); {Transmits one bit)
function RecetveBit: Bit; (Receives one bit}
procedure Wait (bitTimes: integer); {Waits for indicated number of bit-times)

4.2.7.5 Biate Voriable Initialization. The procedure Initialize must be run when the MAC sublayer
begins operation, before any of the processes begin execution. Initialize sets certain erucial shared state
variables to their initial values. (All other giohal variables are appropriately reinitialized before 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 Inifialize;
begin
frameWaiting := false;
deferring = false;
newCollision := false;
transmilling = false; {In interface Lo Physical Layer; see below)
receiving = false;
while carrierSense do nothing;
[Start execution of all processes)
end; {Initialize}

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

function TransmitFrame (
destinationParam: AddressValue;
sourcelParam: AddressValue;
lengthParam: LengthValue;
dataParam: DataVaiue): TransmitStatus;
procedure TransmitDataBneap; ... (nested procedure; sce body below)
begin
if transmitEnabled then
begin
TransmitDataEncap;
TransmitPrame = TransmitLinkMgmt
end
else TransmitFrame ;= transmitDisabled
end; | TransmitFrame}

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

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

procedure TransmitDataEncap;
begin
with outpoinglrame do
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begin lassemble frome)
view = fields;
desiinationField := destinationParam:
sowrecticld = sourcelPairam:
fengthField = lengthParam;
dataField ;= ComputePad {lengthparam, datal’aram};
foslField = CRC32(outgoingFrame);
view = bits

end {assemble frame)

with vutgoingHeadoer do

hegin
headerView = headerFields;
preamble = .. 1% 1016...10,” LSB to MS13*)
sid = . (% 710101011, LSB to MSH#)
headerView = headerBils

end

end; {TransmitDatalncap)

somputePad appends an array of arbitrary hits te the LLCdataField to pad the rame to the minimum
frame size,

Junction Compuielad(

var lengthParam: LengthValue

var dataParam:DataValue) :DataValue;
begin

ComputelPad = {(Append an array of size padSize of arbitrary bits to the LLCdataPield)
and;|CompuirtePadParam|

TransmitLinkMgm{ aitempts to transmit the frame, deferring first to any passing traffic. If a collision
geeurs, transmission 18 terminated properly and relransmission is scheduled following a snitable backoff
interval:

function TransmitLinkMpmt: TransmitStatus;
begin
attempis = 0; transmitSucceeding ;= false;
lateCollisionCount =
deforrved = false; {initinlizel
excessDefer = false;
whife(atiempts < attemptLimit) and (notl transmitSuccsedingido
begin {ivop)
if attempts > 0 then BackOfF
TrameWaiting := trug;
lateCollisionError = {alse;

+ while deferving do (defer Lo passing frame, if any}
begin
nothing;
deferred = true;
encl;

frameWailing = false;
Star{Transmif;
wiide transmitting do WatchlforCollision;
if TateCollisionError then lateCollisionCount = lateColiisionCount + 1;
attenipts = alttempis+]
end; (loop)
if transmitSucceeding then TransmitLinkMemit = {ransmitQK
efse TransmitLinkMgmt (= excessiveCollisionEvror;
LayerMpmtTransmilCountlers; {updale transmit and transmit errar counters in 5.2.4.2)
end; {TransmitLinkMgmt]
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Each time a frame teansmission atfompt is inttiated, StartTronsmil is called Lo olerl the BitTransndifo

provess that bit transmission should begin:

proceduie MarlTransmit,;

hegin
enirentTransmitBit (= 1;
fasiTransmitBit = frameSize;
transndtSuceeeding = true;
transmitiing = frue;
tastHenderBit = headerSize

end; (StartTransmit}

Once frame transmission has been initiated, TransmitLinkMgmt monitors the mediam for contention by
repeatedly calling WatehForCollision: :
i

procedure WatehTorCollision;
bowin
i/ transmitBucceeding ond collisionDetect then
bogin
if currentTransmitBit > (minFrameSize - headerSize) then
lateCollisionBrror = true;
newColligion = true;
transmitSuceeeding = false
end
cid: {WatehTorCollision}

WatchForCollision, upon detecting a collision, updates newColhigion to ensure proper jamming by the
BitTransmitler process. The eurrent transmit bit number iz checked to see if this is a late collision. If the
collision gecurs later than a collision window of 312 hif times into the packet, it 18 considered as evideonee of
a late collision. The point at which the collision is received is determined by the aetwork media propaga-
tion thme 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 after a late collision is detecied.

After transmission of the jam has been completed, if TransmitLinkMgmt determines that apothoer
attempt chould be made, BackQff is called to schedule the next attempt to retransmit the frame.

var maxBack Ot 2..1024; (Working variable of BaddOffi
procedure Back Off;
begin

i atbempts = 1 then maxBackOif 1= 2

vlse if attempts & backOfLimit

then maxBuackOf = maxBackOff x 2;

Wait{slotTime » Random({, maxBack O

end; {Randomi

&

; end; {BackOff}

. funciion Random (Jow, bigh: integer): integer;

| begin

)% Random = .. funiformly distributed random integer r such that low € v < high}

BackOff performs the runcated binary exponential baeckelT compuiation 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,
process Deference;

begin
eyeledmain loop}
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while not carrierSense o nothing; (watch for corrier to appear)
deferring = {rae; [delay start of new transmissions}
wasTransmitbing := transmitiing;
while caxrierSense or lransmitting then
wasTransmitting = wasTransmitting or transmitting;
if wasTransmitting do
begin
StartRealTimeDelay; {time out first part interframe gap)
while RealTimeDelay(interFrameSpacingParti) do nothing
end
else
begin
StartRealTimeDelay;
repeat
while carrierSense do StartRenlTimeDelay
until not RealTimeDelay(interFrameSpacingPart1)
end,
StartRealTimeDelay; [time out second part interframe gap)
while RealTimeDelay{interFrameSpacingPart?) do nothing;
deferring := false; {allow new transmissions to proceed)
while frameWaiting do nothing; {allow waiting transmission if any)
end {main loopl
end; (Deference}

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

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

The BitTransmitter process runs asynchronously, transmitting bits at a rate defermined by the Physical
Layer's TransmitBit operation:

process BitTransmitter;
begin
eyele {outer loop}
if transmitting then
begin {inner loop)
PhysicalSignalEncap; {Send preamble and start of frame delimiter}
while transmitting do
begin
TransmitBit(outgoingFrame{curreniTransmit3it]); {send next bit to Physical Layer)
if newCollision thern StartJam else NextBit
end;
end; [inner loop)
end; {outer loop}
end; {BitTransmitter}
procedure PhysicalSignalEneap;
begin ’
while currentTransmitBit < lastHeaderBit: do
begin

i
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TransmitBitleutgoingtleader[eurrentTransmitBis); (transmit header oneg hit at a time)
currentTranamitBit = currentTransmitBit 4 1;
end
if newCollision then Startdam else
currentTransmitBit =
end; {PhysicalSignalEncap)

procedure NextBil;
begin
currentTransmitBit ;= currentTransmitBit + 1;
transmitting := (currentTransmitBit € laetTransmitBit)
erecd; {NextBif}

procedure StartJam;

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

end; (StartJam)

BitTransmitter, upon defecting a new collision, immediately enforees it by calling startJam to initiate
the transmission of the jam. The jam should contain 2 sufficient number of bits of arbitrary data so that it
ig assured that both communicating stations detect the collision, (StartJam uses the first set of bits of the

frame up to jamSize, merely to simplify this program.}

4.2.% Frome Reception. The algorithms in this section define CBMA/CD Media Aecess sublayer frame

reception.
The procedure ReceiveFrame implements the frame reception operation provided to the LLC sublayer:

function Receivel'rame {
var destinationParam: AddressValue;
var sourcelParam: AddressValue;
var lengthParam: LengthValue;
var dataParam: DataValue): ReceiveStatus;
function ReceiveDataDecap: ReceiveStatus; ... {nested function; see hody below)
begin
if receivelinabled then
repeat
ReceiveLinkMgmt;
ReceiveFrame = ReceiveDataDecap;
until receiveSucceeding
else
Receivelrame := recejveDisabled
; {ReceiveFrame)

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

function ReceiveDataDecap: ReceiveStatus;
var status! ReceiveStatus; [holds receive status information)
begin
with incomingFrame do
begin
view = fields;
recejveSucceeding := RecognizeAddress (incomingFrame, destinationField);

S R
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raceiveSucceeding = LayerMpmiRecogniveAddress (destinabion Field
if receivebuceeeding fhen
begin {disassemble framel
destinationParam = destinationField;
sourcelParam = sourcelield;
tengthParam = lengthPield;
dataParam = RemoevePad (engthField, dataField);
exceedsMaxLength = ...; {cheek to determine if receive frome size exceeds the maximum
permitted frame size (maxPrameSizel)
if exceedsMaxLength then status = frameTooLong;
elue
if festield = CRC3Z (incominglrame) then
begin
if validLength then status = receiveORK
efse status = lenglhError
end
elge
begin
if excessBits = 0 fhen status = frameCheckError
else status = alignmentError;
end;
LayerMgmtReceiveCounters(statug),
{updaic receive and receive error counfers in 5.2.4.8]
view = bits
end [digassemble frame)
end bwith incomingFrame}
ReceiveDataDecap = status;
end; [ReceiveDataDecap]

funciion RecopnizeAddress {address: AddressValue): Boolean;
begin
RecognizeAddress = .., {Returns true for the set of physical, broadeast, and multicast-group
addresses corresponding te this station)
end;{(RecognizeAddress)

function RemovePad(
var lengthParan:LengthValue
var dataPoram:DataValuekDataValue;
begin
validLength = {Check to determine if value represented by lengihParam matches received
LLCdataSizel;
if validLength then
RemovePad := {truncete the dataParam (when present) to value represented by lengihParam
{in octets) and return the resuli}
else
RemovePad = dataParam
end; {RemovePad)

ReceivelinkMgmt attempts repeatedly to recetve the bits of a frame, discarding any fragments firom col-
lisions by comparing them te the minimum valid frame size:

procedure ReceivelinkMgimt;
begin
repeat
StartReceive;
while receiving deo nothing; twait for frame (o finish arriving!
excessBits = frameSize mod 8;

‘
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frameSize = frameSize ~ excessBils; [francale 0 octed boundary}
receiveSucceeding = (frameSize = minlPrameSize); {reject collision fragmienis}
until receiveSucceeding
ened; {Receivelink Mgmt)

procedure StartRecoive;
begin
currentReceiveBit = 1;
recetving = true
end:; [{BtartReceiva}

The BitReceiver process runs asynchronously, receiving bits from the medium al the vate determined by
the Physical Layer’s ReceiveBit operation:

process BitReceiver;
var b: Bit;
begin
cyele {outer loop)
while receiving do
begin linner loop}
if currentReceiveBit = 1 then
PhysicalSignalDecap; Strip off the preamble and stait frame delimiter}
b = ReceiveBit; [Gel next bit from physical Media Access)
if carrierSense then
begin{append bit to frame}
incamingFramefcurrentReceiveBit] = by
currentReceiveBit = carrentReceivel3it + 1
end; lappend bit to frame)
receiving 1= carrierSense
end {inner loop)
frameBSize = cwrrentReceiveBBit - 1
end {outer loop}
end; [BitReceiver}

procedure PhysicalSignalDecap;

begin
{Recoive oue bit ab a time from physical medium until a valid sfd i detected, discard bits, and
return)

end; {PhysicalSignalllecap)

4,2.10 Common Procedures. The function CRC32 1 used by both the transmit and receive algorithms
to generate a 32 bit CIRC value:

Jfunetion CRC32 () Prame); CRCValue;
hegin

CROC32 = {The 32-bit CRC }
end; {CRCSE}

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

mrocedure nothing: begin end,;

The iile state of a process {(that is, while waiting for seine event) is cast as repeated calls on this :
procedure, ;

CISCO 1022
Cisco v. ChriMar




TSOAEC 8302-3 : 1983
ANSHIEBE 3ud 02,3, 1043 Fdition EACAL AN METHOVOLITAN AREA HETWORKS:

4.2 Inierfaces toffrom Adjucent Loyers

4,31 Overview. The purpese of this section 1s to provide precise delinitions of the interfaces between the
architectural layers defined in Scetion 1 in complianee with the Media Access Service Specification given in
Section 2. In addition, the services required {rom the pliysical mmedium sre defined.

The notation used here is the Paseal language, in keeping with the procedursl nature of the precise MAC
sublayer specification (gee 4.2). Each interfuce is desceribed as « set of procedures or shared variables, or
hoth, that collectively provide the only valid interactions between layers. The accompanying toxt describes
the meaning of ench procedure or variable and points out any implicit inferactions among them.

Note that the description of the interfaces in Paseal is a notational technigue, and in no way implics that
they can or should be implemented in software. This poinl is disenssed more fully in 4.2, that provides com-
plete Pascal declarations for the data types used in the remainder of this section, Note also that the “syn-
chronous” (one frame at a time) nature of the frame transmission and reception operations is a property of
the avchitectural interface between the LLC and MAC sublayers, and need not be reflected in the imple-
mentation inter{ace between a station and its sublayer,

4.3.2 Services Provided by the MAC Sublayer. The services provided to the LLC sublayer by the
MAC sublayer are transmission and reeeption of LLC frames. The interface through which the LLE sub-
layer uses the facilities of the MAC sublayer therefore consisis of a pair of functions,

Functions:
TransmitFrame
ReceivelFrame

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

The LLC sublayer transmits a frame by invoking TransmitFrame:

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

The TransmitFrame operation is synchronous. Its duration is the entive attempt to fransmit the frame;
when the operation completes, transmission has either succeeded or failed, as indicated by the resulbing
status code:

type TransmitStatus = (transmitOR, excessiveCollisionError;
f fype TransmitStatus = (transmitDisabled, transmitO¥, excessiveCollisionErrory;

The transmitDisabled status code indicates that the transmitter is not enabled. Successful transmission
is indicated by the status code transmittOX; the code excessiveCollisionError indicates that the transmis-
sion attempt was aborted due to the excessive collisions, because of heavy traffic or 2 network failure.

The LLC sublayer accepts incoming frames by invoking Receivelrame:

Function Recelvel'rame (
var destinationParam: AddressValue;
par sourceParam: AddressValue;
var length Param: LengthValue;
var dalaParam: DataValue) ReceiveStatus;

The Receivel'rame operation is synchronous. The operation does not complete until a frame has heen
received. The fields of the frame are delivered via the sutput parameters with a status code:

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

GG
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i type Reccive Blatus = {rocoivelbssbled, receive OK, fameTooLong, {rameCheck Error leagth Brror,
alignmentError);

The receiveDizabled status indicates that the receiver g not enabled. Buccessiul rocoption iy indicaied by
the status code receiveOK. The frameToolong error indicates that a frame was received whose frameSize
was beyond the maximum allowable frame size. The code frameCheckError indicates that the frame
received was damaged by o transmission errov. The lengthBrror indieates the lengthParam value was
inconsistent with the frameSize of the received frame, The code alignmentBrror indicates that the frame
received was damaged, and that in addition, its length was noet an integer number of octets,

4.3.3 Services Reguired from the Physical Layer. The interface through which the CSMA/CD MAC
sublayer uses the {acilities of the Physieal Layer consiste of a funection, o pair of procedures and three Bool-
ean variables.

Funetion: Procedures: Variobles:
ReceiveP1 TransmiiBit collisionDetect
Wail carrierSense
transmitting

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

procedure TransmitBit (bitParam: Bit);

Fach invocation of TransmitBit passes one new bit of the octgeing frame io the Physical Layer. The
TransmitBit operation is synchronous. The duration of the operation is the entire transmission of the bit.
The operation completes, when the Physical Layer is ready to aceept the next bit 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:

var {ransmitting: Boolean;

Before sending the first bit of a frame, the MAC sublayer sets transmitting o true, to inform the Physi-
cal Media Access that a stream of bits will be presented via the TransmitBit operation. After the last bit of
the frame has been presented, the MAC sublayer sets transmiiting 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 eollisionDetect signal remains true during the daration of the collision.

NOTIE: Since an entire coilision may occur during preamble generation, the MAC sublayer shall handle this possibility by menitering
collistonDetect concwrrendly with its trangmission of outgoing bits. See 4.2 lor detnils.

The collisionDetect signal is generated only during transmission and is never true at any other time; in
particular, it ennnot be used during frame reception to detect collisions between overlapping transmissions
from two or more other stations.

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

function ReceiveBil: Bit;

Fach invoecation of ReceiveBit retrieves one new bit of the incoming frame from the Physica] Layer. The
ReceiveBit operation is synclivonous. Tts duration is the entire reception of a single bit. Upon receiving a
bit, the MAC sublayer shall imnmediately request the next bit until ali bits of the frame have been received.
{See 4,2 for deiails.)
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The overall event of data beiniz received is signaled te the MAC sulilayer by the variable careiorBonge:

var carrierSense: Boolean;

When the Physical Layer sets carrierSense lo true, the MAC sublayer shall immediately begin retrieving
the incoming bits by the ReceiveBit operation. When carrierSense subsequently becomes false, the MAC
sublayer can begin processing the received bits as a completed frame. Note that the trueffalse 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 fnvoeation of Receiveldit s pending when carei-
erSense becomes false, RoeceiveBil refurns an undefined value, which should be discarded by the MAC sub-
layer. (See 4.2 for details.)

The MAC sublayer shall also monitor the value of cartierSense to defer ils own transmissions when the
medium is busy.

The Physical Layer also provides the procedure Wait:

procedure Wait (bitTimoes; integer);

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

Another important property of the Physieal Layer, which is an implicit part of the intorface presented to
the MAC sublayer, is the round-trip propagation time of the physical medbum. Iis value ropresenis the
maximum time required for a signal to propagate {rom one end of the network to the olher, and for a colli-
sion to propagale 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 Physieal Layer is defined in 4.4 {for a
selection of physical media,

4.4 Specific Implementations

24,1 Compatibility Overview. To provide total compatibility at all levels of the standard, it is required
that each network compenent implementing the CSMA/CD MAC sublayor 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. Variationg from these values result in a system mplementation
that violates the standard.
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4.4.2 Allowable Implomaentations

44421 Parameterized Valoes, The following tuble wentilies the parameter values ihat shall e
used in the 10 Mb/s implementation of o CEMALCD MAC procedure. The primasy assumptions are that the
phyaicnl medium is a bascbhand coaxial cable with properiies given in the Physical Layer sechion{s] of this

standard.
Paramoters Yalues
slotTime 712 bit times
interFrameGap 9.5 s
attemptLimit iG
backotfLimii 10
jamBize 32 bits
maxTrameSize 1518 octets
minFrameSize 512 bits (64 oetets)
addressSize 48 Ints

WARNING: Any deviation from the above plans specified for o 10 Mb/s sysiem may affeet proper
operation of the LAN.

See also DTE Deference Delay in 12.9.2.

4.4.2.2 Parameterized Values. The following parameier values shall be usod for 1BASES implemon-

tations:
Paramoetoers Vahies
slotTime 512 bit times
interFrameGap 94 is
attemptLimit 16
backo{{Limit 10
fomSize 32 hita
maxFrameSize 1518 octels
minFframeSize 512 hits (64 ootets)
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 Iniroductiion. This section provides the Layer Management specification for networks based on the
CSMA/CD access method, It defines facilities comprised of a gel of statisties and actions needed to provide
Layer Management services. The information in thie chapler shonld be used in conjunction with the
Procedural Model defined in 4.2.7-4.2.10. The Procedurs] Model provides a formal description of the
relationship between the CSMA/CD Layer Entities and the Layer Management facilities.

This Layer Manapement specification has been developed in accordance with the OS] management
architectura as specified in the ISO Management Framework document, ISO/REC 7498-4:1988 (20]. I is
independent of any particular management application or management protocol.

The management facilities defined in this standard may be aceessed 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 managenment pretocol operating between application entities.

In CSMA/CD no peer management facilities are necessary for initiating or terminating normal protocel
operations or for hhandling abnormal protocol conditions. The monitoring of these activities is done by the
carrier sense and colligion 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 thercfore not dis-
cussed in this section.

At this time, this standard does not include management facilities that address the unique featuves of
repeaters or of 10BROADSG broadband MAUS,

5.1.1 Systems Management Overview. Within the IS0 Open Systems Interconneetion (031) architee-
tie, the need to handle the special problems of initializing, terminating, and monitoring on-going activi-
ties and assisting in their harmoniocus operations, as well as handling abnormal conditions, is recopnized.
These necds are collectively addressed by the systems management component of the O8I architecture,

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

The SMAE is concerned with the management of resources and their status across all layers of the QS1
architecture, The System Mansgement Application facilitics have been grouped into five entities: Configu-
ration, Fault, Performance, Security, and Accounting,

Configuration and Name Management is concerned with the initialization, normal operatien, and close-
down of communication facilities. It is also concerned with the naming of these resources and their interre-
tationship as part of a8 communication system. Fault Management is concerned with detection, isolation,
and correction of abnormal operations. Performance Management is concerned with evaluating the behav-
ior and the effectiveness of the communication activities. Security Manapement is concerned with monitor-
ing the integrity and controlling access te the communication facilities. Accounling Management is
voncerned with enabling charges fo be established and cost to be assigned and providing information on
tariifs for the use of comnunication resources.

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

The SMAIL has a conceptual interface {o an LME coneerned with the actual monitoring and control of a
specific layer. The LM interfaces directly only with the SMAR, to whom it provides Layer Management
facilities.

Strictly, only these management activities that imply actual exchanges of information between peer enti-
iies are pertinent Lo OSI architecture. Therefore, only the protocols needed to conducel such exchanges are
eandidates for standardization. As a practical matter, however, the specification of the Layer Management
facilities provided across the concepiual Layer Management Interface (LMI) between the LME and SMALR
is reguired. 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 interinces that relate the vorious managemont eniities, These ave as follows:

(1) The conceptual Layer Management Intevface befweon the BMAT and LK,

{2} The nermal layer service interface for peer-to-peer communcation.

The relationship between the variows management entities and the layer entities according to the IS0
Model is shown in Fig 5-1,

3
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g 5.1

Relationship Between the Various Management Entities
and Loyer Entities According to the IS0 Open Systems Interconnection
(O30) Reference Model

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

5.1.2 Layer Management Model, The Layer Management facilities provided by the CEMA/CD MAC
and Physieal Layer LMEs, using the concepiual LMI, enable the SMAR to manipulate management,
connterg 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 LMIE (i.e., the SMAE) is thus able (o 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 Physieal
Layer Intities. The precvise semanlics of the relationship between the CSMA/CD Layer BEntities and the
Layer Management {hcilities are defined in 4.2.7-4.2.10 and in 5.2.4,
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8.2.% Tstroduction. This sceilon of the standard defines the Lover Mouopoment Mcilities for the IBET
02,3 CSMA/CD MALQ and Physical Layers, The istong of ihis standard 2 to lurnish a management specifi-
cation thak can be used by the wide variely of diflerent devices that may be attoched Lo a network specificd
by ISO/IIC 8802-3. Thus, o comprehensive st of management facilities is provided.

The improper use of some of the faclities deseribed n dhis seetion may cause serivus disruption of the
network. It should he noied that access to these facilifies can only be obtained by means of the SMAR. 'Ta
avoid duplication Ly each LME, and in accordance with IS0 managemont architecture, any necessary secu-
rity provieions should be previded by the 5MAL, This can be in the form of specific SMAE security features
or in tha lorm of securily feaiures provided by the peer-to-peer communication facilitics used by the SMAR

The statistics and actions are categorized into the thiee classifications defined ns follows:

Mandatory-—Shall be implemenied,
Reecommended ~Should he implemented if possible.
Optional—May be implemented.

All counters defined in this speecificaiion are wrapuround counters. Wrapareound counters are those that
auntomatically go from their maximum valve {or final value) to zero and continue to operate. These
unsipned counters do not provide for any explicit means to return them to their minimsm (zero), e, reset.
Decause of their naiure, wraparound counters should be read frequently enough to aveid loss of informa-
tion.

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

5.2.8.1 BIAC Statistics. The statistics defined in this section are implemented by means of ecounters.
In the folowing definitions, the terms “Read only” specifies thail the object cannot be written 1o by the dli-
ent of the LME,
Frame fragmentsg are not included in any of the siatistics in this section unless otherwise staled.
The Layer Management Madel in §.2.4 and the Paseal Pracedural Model in 4.2.7-4.2.10 defines the
semantics of these statistics in terms of the behavior of the MAC sublayer.

5.2.2.1.1 MAC Transmit Slatistics Descripifons

(1} Number of framesTransmitied OK: Mandatory, Read only, 32 bit counter.
This containg a count of frames that are suecessfully transmitled. This counter is ineremented when
the TransmitStaius is reported as {ransmitQK. The update occurs in the LayverMpgmiTranamit-
Counters procedure {5.2.4.2),

(2) MNumber of singleCollisionTrames: Mandatory, Read only, 32 it counler.
This contains a count of frames that are involved in a single collision and are subsequently irans-
mitted successfully. This countey is incremented when the result of a transmission is reported as
transmitOls and the attempt value iz 2. The update oceurs in the LayerMpmiTransmitCountors
procedure (5.2.4.2),

(3 Number of multipleCollisionFroanes: Mandatory, Reud only, 32 bit counter.
This contains a count of frames that are involved in more than one collision and are subsequently
transmitted successfully. This counter is incremented when the Transmi{Status iy reported as
transmitQi and the value of the attempts variable is greater than 2 and less than or equal o
attemptLimit. The update vceurs in the LayverMgmtTransmiiCounters procedure (5.2,4.2),

(4} Number of collisionFrames: Hecommended, Read only, Arvray [l.attempilimit - 1] of 32 bit
counters,
This arvay provides a histogram of collision activity, The indices of this array
(1 to attemptlimit — 1} denote the number of collisions experienced in transmitiing a frame. Each
element of this array contains a counter that denotes the number of {rames that have experienced n
speeific number of collisions, When the TransmitStatus is reported as transmitO¥ and the value of
the attempts variable equals n, then collisionFrames[n-1} counter is incremented. The elements of
this array are ineremented in the LayerMgmtTransmitCounters procedure (5.2.4.2).
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(G))

(8)

Number of octetsTransmittedOI0 Recommended, Read only, 32 bil counter.

Thig contains a count of data and padding ociets of frames that are successfully transmibtad. Thig
counter is incremented when the TransmitStatus is reported as transmilOX, The update vecers in
the LayerMugm{UTransmitCounters procedure (8.2.4.21.

Number of Frames with deferredTransmissions: Recommonded, Read only, 32 bit enunter,

This contains a count of frames whose transmission was delayed on its fivst attempt beeause the
medium was busy. This counter iz incremenied when the Boolean variable deferred has been
asserted by the TransmitLinkMgmt function (4.2.8). Frames involved in any collisiens are not
counted. The update cceurs in the LayerMpmtTransmitCounters procedure {5.2.4.2),

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

This contains o count of frames that are suceessfully transmitted, as indicated by the status value
transmitOX, to a group destination address other than broadeast. The update ocours in the Layer-
MgmiTransmilCounters procedure (5.2.4.2).

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

This contains a count of the frames that were successfully {ransmitted as indieated by the Trans.
mitStatus transmitOK, to the broadeast address. Frames transmitied to multicast addresses are
not, broadeasl frames and ave exclided, The update oceurs in the LayerMgmtTransmitCounters pro-
cedure (5.2,4.2).

5.2.2.1.2 MAC Transmit Error Biatistics Descriptions. This section defines the MAC sublayer

transmission related error statistics.

(1)

(2

(4}

)

(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 into the
transmitted packet. A late collision is counted twice, i.e., both as a collision 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 counter,

This contains 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 occurs in the LayerMgmtTransmitCounters procedure (5.2.4.2),

Mumber of frames lost due to internal MACTransmitError: Recommended, Read only, 32 hit counter.,
This contains a connt of frames that would otherwise be {ransmitted by the station, but conld not be
sent due to an internal MAC sublayer transmit error, I this counter iz incremented, then none of
the other counters in this section are incremented. The exacl meaning and mechanism for incre-
menting this connter is implementation-dependent,

Number of carrierSenseErrors: Recommended, Read only, 32 bit counter.

This containg a count of thwes 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 carrierSensel"ailure flag is true at the end of transmission. The update occurs in the LayerMg-
mtTransmitCounters procedure (5.2.4.2).

MNumber of frames with excegsiveDeferral: Optional, Read only, 32 bit counter,

'Fhis 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 exeezsDafer
flag is zel. The update cceurs in the LayerMgmiTransmitCounters procedure (5.2.4.2),

5,2.2.1.3 MAC Receive Statisties Descriplions

Number of framesReceivedOXK: Mandatory, Read only, 32 bit counter,

This contains a eount of frames that are successfully received (receiveQIZ). This does not include
frames received with frame-too-long, FCS, length or alipnment errors, or frames lost due to internal
MAC sublayer error. This counter is ineremented when the ReceiveStatus is reported as receive QK.
The update occurs in the LayerMgmtReceiveCounters procedure (5.2.4.3).

Number of octetsReceivedOR: Recommended, Read only, 32 bit counter.

This contains a count of data and padding octets in frames that are suceesstully received, This does
not include octets in frames received with frame-loo-long, FCS, length or alignment errors, or
frames lost due fo internal MAC sublayer error. This counter is incremented when the result of a
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reception is reporied as a receiveQR stotus, The vpdale ocours in the LayerMemiReceiveCountors
procedure (5.2.4.3),

{3) Mumber of multicastFrameslicceivedOIC Opiional, Read only, 32 bit counter,
This containg a counl of frames that are successiully veccived and are divected to an aclive non-
broadcast group address. This does not include frames received with frame-tos-tong, FCS, length or
alignment errors, or {rames lost due to internal MAC sublayer error. This counter is incremented as
indicated by the receiveQX status, and the value in the destinationField. The update aceurs in the
LayerMgmtReceiveCounters procedure (5.2.4.3).

(4) Number of broadeastFramesReceived QI Optional, Read only, 32 bit counter.
This contains a count of frames that are successfully received and are directed to the broadeast
group address. This does not include frames received with frame-loo-long, FCS, length or alipnment
errors, or frames fost due to internal MAC sublayer error, ‘This counter is ineremented as indicated
by the receiveOK status, and the value in the destinationField. The update oeeurs in the LayerMg-
mtReceiveCounters procedure (5.2.4.3).

5.2.2.1.4 MAC Receive Error Bialistics Descriptions. This section defines the MAC sublayer
reception related error statistics. Note that a hierarchical order has been established sueh that when mul-
tiple ervor statuses can be associated with one frame, only one siatus is returned o the LLC. This hierar-
chy in descending orvder is as follows:

frameTocLong
alignmentBrror
framaCheckError
lengthErrov

The follawing counters are primarily incremented baged on the status returned to the LLC, and there-
fore the hierarchical order of the counters iz determined by the order of the status,

{1) Number of frames received with frameCheckSequenceBrrors: Mandatory, Read only, 32 bit counter.
This contains a count of frames thatl are an intepral number of octets in length and do not pass the
F'OS check. This counter is incremented when the ReceiveStatus is reported as frameCheckError
The update veeurs in the LayerMgmtReceiveCounters procedure (5.2.4.,3),

(2} Number of frames received with alignmentErrors: Mandatoery, Read only, 32 bit counter.

This contains a count of frames that are not an integral number of octets in length and do not pass
{he IFCS check. This counter is incremented when the ReceiveStatus is reported as alignmentError,
The update oceurs in the LayerMgmtReceiveCounters procedure (5.2.4.3).

(3} Number of frames Jost 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
acceplted due to an internal MAC sublayer reecive error. If this counter is incremoented, then nono of
the ether counlers in this section are incremented. The exact meaning and mechanism for incre-
menting this counter is implementation-dependent.

{4) Number of frames received with inRangeLengthErrors: Optional, Read only, 32 bit counter.

This contains a count of frames with a length field value between the minimum unpadded LLC dala
size and the maximum allowed LLC data size, inclusive, that dees not match the number of LLC
data octets received. The counter alse contains frames with a length field value less than the mini-
muwm unpadded LLC data size. The npdate oceurs in the LayerMgmtReceiveCounters procedure
(5.2.4.3).

(6} Number of frames recejved with outOfRangeLengthField: Oplional, Read only, 32 bit counter,

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

{6) MNumber of frames received with frameTooLongErrors: Optional, Read only, 32 bif counter,

This contains a count of frames that ave received and exceed the maximum permitted frame size.
This counter is incremenied when the status of a frame reception is frameTooLong. The update
accurs in the LayerMpgmtReceiveCounters pracedure {5.2.4.3).

5.2.2.2 MAC Aections. This subsection defines the actions offered by the MAC sublayer to the LME
client.
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Thpse actions enahle the LAME elient to influence the behavior of the MAC subloyer, 1o, 0 exeeute
“aetions” on the MAC sublaver for managenment purposcs. Many of the {ollowing aetions enable or dizable
semre function: if either the enable or disable acljon is inplemented, the corresponding disnble or enable
action must riso be tmplomented, 1 the enablefilisable action ia supporied, then its corresponding vead
action must also be supported.

Tn implementing any of the following actinns, reeeptions and transmissions that ave in progress are com-
pleted before the aclion Lakes effeet,

The security considerations velated to the following actions should be properly addressed hy the SMAL

The items in parventhesis in the descriptions ave the procedures that are affected by these aciions.

£5.2.92.2.1 MAC Action Definitions

(1) initializeMAC: Mandatory
Call the Initialize procoedure (4.2.7.5). This action alse results in the initialization of the PLE.

(2 enablePromiscuousReceive: Recommended
Cause the LayerMgmtRecognizeAddress function to aceept frames regardless of their destination
address (LayerMgmtRecognizeAddress funclion),
Frames without errors received solely because this action is sel are counted as frames received cor-
rectly: frames received in this mode that do contain errors updafe the appropriate evvor counters.

(3} disablePromiscuougReceive: Reeammended
Clause the MAC sublayer to reburn o the normal operation of earrying oul addrens recognition pro-
cedures for station, brosdeast, and multicast group addresses (LayerMgmtBRoecognizeAddress fune-
tion}.

(4) readPromiscuousSiatus: Recommended
Return frue if pramiscuous mode enabled, und false otherwise (LayerMgntRecogmizeAddress fune
tion).

(5) addGroupAddress: Recommended
Add the supplied multicast group address to the address reeogrition filter (RecoguizedAddress func-
tion).

(6 deleleGroupAddress: Recommended
Delete the supplied multicast group address from the address recognition filter (ReeognizeAddress
function}.

{7 readMulticastAddressList: Recommended
Return the current muliicast address list.

{8) enableMacSublayer: Optional
Cause the MAC sublayer to enter the normal operational state at idle. The PLS is regel by this oper-
ation (see 7.2.2.2.1), This is accomplished by sotling receiveEnabled and transmitEnabled ta true,

(9} disableMacSublayer: Optional
Cause the MAC sublayer to end all fransmit and receive operations, leaving it in a dizabled siate,
This is accomplished by setting receiveEnabled and transmitEnabled to false.

{10) readMACEnabeStatus: Optional
Return true if MAC sublayer is enabled, and fulse if disabled. This is accomplished by checking the
vishues of the receiveBnabled and transmitEnabled variables,

{11) enableTransmii: Optional
Enable MAC sublayer frame transmission (Transmitframe function). This is aceomplished by set-
ting transmitlnabled Lo true.

(12} dizableTransmit: Optional
Inhibit the transmission of further frames by the MAC sublayer (TransmitFrame function), This is
accomplished by selfing transmitlnabled to false.

{13) readTransmitEnableStatus: Optional
Return true if trangmission is enabled and inlse otherwise, This is accomplished by checking the
value of the transmitBnabled variable.

{14) enableMuliicastReceive: Optional
Canse the MAC sublayer to return te the normal operation of multicast frame recepiion.

{15} disabledMulticastReceive: Optional
Inhibit the reception of further multicast frames by the MAC suldayer.
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(16} readiulticastReceiveSiatas: Optionad
Return true if mualticast receive is enabled, and false otherwise,

(17} modifyMACAddress: Optional
Change the MAC station address te the one supplicd (RecognizeAddress function). Note that the
supplied station address shall not heeve Hhe group bit et and shall not be the null address.

{18} readMACAddress: Oplional '
Read the current MAC station addyess.

(193 executeSelitest: Optional
Execute a self test and report the resuolts (success or fidlure). The mechanism employed {o carry oul
the self teel ig nok defined in this standard,

5.2.3 Physical Loyer Management Pacilities. This section of the standard defines the Loayer Manage-
ment {acilities for the Physical Layer,

5.2.3.1 Physical Statisties. The stutistics defined in this section are implemenied by means of
ceunters.
In the following definition, the term “Read only” specifies that the object cannot be written by the client
of the LM,
Note that the carrierSensePFailed statistic is a s{atistic relating to the physical layer, but is Hsted and
maintained in the MAC sublayer for ease of implementation.

5.2.3.1.1 Physical Steiistics Descriptions

(1) MNumber of SQETestErrors: Recommended, Read only, 323 bit counter.
This eantaing a count of times that the SQE_TEST ERROR was reccived. The SQE_TEST_ERROR
is get in accardance with the rules for verification of the SQE detection mechanism in the PLS Car-
rier Sense Function {sec 7.2.4.6).

5.2.4 Layeor Management Model. The following model provides the descriptions for Layer Manage-
ment. facilities,

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

consat
maxFrameSize = ... Hn ectets, implementation-dependent, see 4.4}
maxDeferTime = ... 12 2 imaxlrameSize © 8), it bits, creor theer lmit for maxDeforTinie)
maxLarge = 4294967295; tmaximum value (2%% - 1) of wraparound 32 bit counter)
maxbd = xxxxooose: (maximonm value (9% _ 13 0f wraparousd 84 bit counter)
oneRitTime = 1; {the period it takes to (ransmit one bit)
type
CounterLarge = 0.maxFLarge--See fovtnote

§,2,4.2 Transmit Variables and Procedures. The following items are specific to frame transmis-
sion:

o
excessDeler: Boolean; {get in process DeferTest}
carrierSenseFailure: Boolean; {sct in provess CarrierSenscTest}
transmitFEnabled: Boolean; {sel by MAC action}
lateCollisionError Boolean; {set in Section 4 procedure WatchForCollision]
deferred: Boolean; {set in Section 4 funclion TransmitLinkMpmt)
carrierSenseTestDone: Boolean; {set in process CarrierSenselest}

835 hit counler size specificalion is nel o past of this ISOMIEC standard. Resolution of 32 va, 64 bit counter size will be addressed
- l I3 } v = v .o - - -
duving the further work required to develop this section into a specification sufficiend for ISOMRC Intereperability requirentands,
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InteCollisionCount: D.attemptLimit -+ 1; feount of late eollision that is veed in Seetion 4
TransmitLinkMgmil

[(MAC transmit counters}

framesTransmitiedO¥: Counterlarge; [mandatory)
singleCollisionFrames: CounterLurge; {mandatory}
multipleCollisionFrames: ConnterLarge; imandatory)
collisionFrames: array (1..attemptLimit - 1} of CounterLarge; {recommendod)
octetsTransmittedOI; Counterlarge; {recommended)
deferredTransmissions: CounterLarge; freconumended)
multicastFramesTransmittedOK: CounterLarge; {optionall
broadeastFramesTransmitted OR: CounterLarge; loptional)
{MAC transmit error countera}

lateCollision: CounterLarge; {recommended}
excessiveCollision: CounterLarge; {recommended)
carvierSengelrrors; CounterLarge; foptional)
excessiveDeferral: CounterLarge; (oplional}

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

procedure LayerMgmtTransmitCountors;
bepin
while not carrierSenseTestDone do nothing;
if transmitSueceeding {hen
hegin
IncLargeCounter(framesTransmitted OIC);
SumLarge(octetsTransmitted 0K, dataSize/8); {dataSize (in bits) is defined in 4.2.7.1)
if destination[ield = ... {check fo see if to a multicast destinalion}
then IncLargeCounter(multicastFramesTransmittedOK);
if destinationFicld = ... {check Lo see if to a broadeast destination)
then IncLargeCounter{broadeastFramesTransmitted QI

if attempts > 1 then
begin [transmission delayed by collision}
if attempts = 2 then
IneLargeCounter(singleCollisionFrames) (delay by 1 colligion)
else {atterapts > 2, delayed by multiple collisions)
IneLargeCounter(multipleCollisionFrames)
IncLargeCounter{collisionTPramesiattempts ~ 113
end; {delay by collision)
end; {transmitSucceeding}

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

if lateCollisionCount > 0 then {test if late collision detected}
SumLargellateCollision, lateCollisionCount);

if attempts = attemptLimit and not transmilSuccecding then
IncLargeCounter{excessiveCollision);

if carrvierBenselailure then
IncLargeCounter{carrierSenseRrrors);

if excessDefer then
InerementLargeCounter(excessiveDeferral);

end; (LayerMpmtTransmitCounters)

The DeferTest process sets the excessDefer flag if a transmission attempt has been deferred for a periad
of time longer than maxleferTime,

75

CISCO 1022
Cisco v. ChriMar




ISCHIEC BEG2.7 0 100y
A3, 1293 Fdities

UBMA/CD ANBEIE

provess DeferTast;
var deferBitTimer: 0.maxDeferTime;
bepin
cyele
lregin
deferCount ;= 0;
while frameWailing and not excessDefer do
hepin
Wait(oneBitTime); {sce 4.3.3)
if deforBitTimer = maxDeferTime then
excessDefer = true
else
deferBitTimer ;= deferBitTimer + 1;
end; Pwhile}
while transmitting do nothing;
endd; {eyele)
endd; [DeferTest)

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

process CarrierSenselest;
var
carrierSeen: Boolean; {Running indicator of whether or not carrierSense has been true at any
time during the current transmission)
collision3een: Boolean; {Running indicator of whether or not the collisionDetect asserted any
time during the entive transmission)
begin
eyele {main loop}
while not transmilting do nothing; twait for start of transmiseion)
carriersenselfailure = falge;
carrierSeen := false;
collisionSeen = false;
carrierSenseTestDone 1= false;
while transmitting do
begin {inner loop}
if carrierSense then
carrierSeen = true;
else
if carrierSeen tien [carrierSense disappeared before end of {ransmission)
carrierSenseFathare = true;
if collisionDetect then
collisionSeen = true;
end; {inner loop)
if not carrierScen then
carrierSensefailure 1= true [carrier sense never appeared)
else
if collisionSeen flen
carrierSensefailure ;= false:
carrierSenselestDone = truae;
end; {main loop}
end; {CarrierSenscTist)

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

par
receiveEnabled: Boolean; {5et by MAG action)

T4

CISCO 1022
Cisco v. ChriMar




[SOVIEC 58023 ¢ 1643
ANSVIELRE Std 802.3, 1993 Pditien LOCAT AND METROPOLITAR ARKA METWORNS:

IMAL receive counters)
framesReceivedOR: Counterlarge; Imandatory]
setetsRecetved Q10 Counterlarge; revomuended]

{IMAC recerve error counters}
frameCheckSequencelrrors: ConnterLarge; (mandaiory?
alignmentBrrors: CounterLarge; mandotovy)
inRangeLenpthBrrars; CounterLarge; {optionall
outOfRangelengthTield: Counterlarge; loptionall
frameTooLongBrrors: CounterLarge; (optivaal]

[(MAC receive address counters)
mualticastFramesReceived OK: CounderLarge; foptional)
broadeastFramesEeccived QI Counterlarge: loptional]

Procedure LaverMgmtReceiveCounters is called by ReceivelinkMpmt in 4.2.9 and merements the
appropriate receive counters.

procedure LayerMgmtReceiveCounters (status: ReceiveStaius);
bepin
ease status of
receiveDisabled:
begin
nothing;
end {receiveDisabled)
receiveOK:
begin
IncLargeCoeunter(framesReceived OK);
SumbLarge(octetzReceived O, databize/3); (datalize (in bits) 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 broadeast destination]
then IncLargeCounter(broadeasiFramesReceived OK);
end; {receiveQK}
frameTooLong:
begin
IncLargeCounter(irameTooLongBrrors):
end; {frameTooLong)
frameCheckError:
begin
IncLargeCounter(lrameCheckSequencelirrora);
enel; {frameChecklizror)
alignmentIirror:
begin
IncLargeCounter{alignmentErrors);
end; {alignmeniError]
lengthError:
begin
if Hength field value is hetween the minimum unpadded LLCDaiaSize and maximum allowed
LLODataSize inclusive, and does not maich the mumber of LLC data octels received] or
{engih feld value is less than the minimum allowed vnpadded LLC data size and the number
of LLC datn octets received is greater than the minimum unpadded LLCDataSize) then
IneLargeCountier{inRangeLengthError);
end; {fengthError}
end; lease status)
if tlength field value is greater than the maximum allowed LLCTataBizel then
ineLargeCounter(oniQfRangeLengthField)
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end; {LayerMgmtReceiveCouniers)

Tunction LayerMgmiHecognizeAddress checks if reeeption of certain addressing lypes has been enabled.
Note that in Pasenl, assignmoent to a function causes the function {o return immediaiely

Junciion LayerMgmtRecognizeAddress(address: AddressValue): Boolean;
begin
if {promiscuous receive enabled) then
LayerMgmtRecognizeAddress = true;
if address = ... {MAC station address) then
LayerMemiRecognizeAddress = true;
if address = ... {broadeast address} then
LayverMgmiRecognizeAddress = true;
i address = ... [one of the addresses on Lhe multicast list and multicast receplian is enabled} then
LayerMgmtRecognizeAddress = true;
LayerMgmtRecognizeAddress = false;
end; {LayerMgmtRecognizeAddress)

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

procedure LayerMgmiInitialize;

begin
{inttialize flapgs for enabling/disabling transmission and reception}
receivelinabled = {rue;
transmitEnabled = true;

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

InteCeollisionError := false;

excessDefer = {alse;

carrierSenselfailure 1= false;

carrierSenseTestDone (= false;

{Initialize all MAC sublayer managementi counters to zero}
end; {LayerMepmitinitinlize}

Procedure IncLargeCounter increments a 32 hit wraparound counter,
procedure IncLargeCounter (var counier: ConnlerLarge);
begin
{increment the 32 bit counter)
end; {IncLargeCounter)

Procedure SumLarge adds a value to a 32 bit wraparcund counter.
procedure SumLarge (
var counter: CounterLarge;
var offset: Integer);
begin
{add offset Lo the 32 bit counter)
enel; [SumLarge)
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6. PLS Service Specifications

8.1 Heope and IMeld of Application. This section specifies the services provided by ihe Physical
Signaling (PLS) sublayer to the MAC sublayer for the CSMA/CD section of the Loeal Aren Network
Standard, Fig 6-1. The services are deseribed in an abstract way and do not imply any particolar

nmplementation.
o8l LAN
REFERENCE MODEL CSMACD
LAYERS ' CAYEHS
APPLICATION ' HIGHERLAYERS  : °
A
PRESENTATION LG
/| LOGIGAL LINK CONTROL
/
MAG
SESSION ,} MEDIA ACCESS CONTROL|  LunDTE Y g
/ s e BT ot
3 exposed
TRANSFORT ;7| PHYSICAL SIGNALING j
/ i
0,0 ] :
METWORK 7 : :
/ : O SO——— |
’; : :
DATA LINK ’ : 7
PMA MAU
PHYSICAL ]
| | MDI

§ MEDIUM §

AU = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT

KOl MEDIUM DEPENDENT INTERFACE
PHYSICAL MEDIUM ATTACHMENT

Hig 6-1
Bervice Specification Helationship to the IREE 802.3 CEMA/CD LAN Model

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 daia bits (PLS data_uonits) with peer MAG sub-
layer entities.

6.2.2 Model Used for the Bervice Specification. The mode] used in this service specification is identi-
cal to that used in 1.2.2.1,

§.2.3 Overview of Imteractions. The primitives associated with the MAC sublayer to PLS sublayer
interface fall into two basic categories;

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

The following primitives are grouped into these two categories:

(1) Peer-to-Peer
PLS_DATA request
PLS_DATA indication.
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(2} Sublayer-to-Sublayer
PLE_CARRIER.Indication
PLS_SIGNAL.indicalion

The PLS_DATA primilives supporl the transfor of data from a single MAC sublayer entity lo all viher
peer MAC sublayer entities contained within the same local avea nelwork defined by the broadeast
medium.

NOTE: This also means that all bils transforred from & piven MAC sublayes entity will in turn be recedved by the enlity itself,

The PLS_CARRIER and the PLS_SIGNAL primitives provide information needed by the local MAC sub-
tayer 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_DATArequest

§.3.1.1.1 Fumction. This primitive defines the transfer of data from the MAGC sublayer to the local
PLS entity.

6.3.1.L.2 Semantics of the Service Primitive. The primitive shall provide the following
parameters:

PLS_DATA request (OUTPUT _UNIT)
The QOUTPUT_UNIT parameter can take on one of three values: ONE, ZERO, 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 te output.

£.2.1.1.3 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 transmisaion.

6.3.1.1.4 Effect of Receipt. The receipt of this primitive will cause the PLS entity to encode and
trangsmit cither a single data bit or to cease transmission.

6.3.1.2 PLS_DATA.andicate

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

6.3.1.2.2 Semantics of the Service Primitive. The semanties of the primitive are as follows:
PLS _DATA.indicate (INPUT _UNIT)
The INPUT_UNIT parameter can take one of two values each representing a single bit: ONE or ZERO,

6.3.1.2.3 When Generated. The PLS_DATA indicnte is generated fo all MAC sublayer eniities in
the network after a PLS_DATA request is issued.

NOTE: An indicate is also presented 1o the MAC entitly that issued the request.

6.3.1.2.4 Effect of Receipt. The effect of receipt of this primitive by the MAC sublayer is
unspoecified.
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6.3.2 Sublayer-to-Sublayer Bervice Primilivas
6.5.2.1 PLE CAHRINR.ndicale

6.4.2.1.1 Function. This primitive transfory the atatus of the activity on the physical medinm from
the PLS sublayer Lo the MAC sublayer.

6.3.2.L.2 Scmanties of the Bervice Primitive. The semaniies of the primitive ave ag follows:
PLS_CARRIER.indicate (CARRIER_STATUS)

The CARRIER_STATUS parameter can take one of two values: CARRIER_ON or CARRIER_OTFF The
CARRIER _ON value indicates that the DTE Physical Layer had received an fnput message or a
signal_guality_error message from the MAU. The CARRIER_OFF value indicates that the DTE Physical
Layer had received an inpud_idle message and is nol receiving an SQBE signal_gquality_grror message from
the MAU.

£.3.2.1.8 When Generated. The PL3_CARRIER.indicate service primitive is generated whemever
CARRIER_STATUS makes a transition firom CARRIER _ON to CARRIER_OFT or vice versa,

8.3.2.1.4 BEffect of Receipi. The effect of receipt of this primitive by the MAC sublayer is
unspecified.’

$.43.2.2 PLS_SIGHAL.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 Bervice Primitive. The semantics of the service primitive are as
follows:

PLS_SIGNAL.indicate (SIGNAL_STATUS)

The SIGNAL_STATUS parameter ean take ene of two values: SIGNAL _ERROR or NO_SIGNAL ER-
ROR. The SIGNAL_ERROR value indicates to the MAC sublayer that the PLS has received a sipgnal_gual-
ity _error message {rom the MAU. The NO_SIGNAL_ERROR value indicates that the PLS has ceased to
recelve signal_gquality_error messages from the MATL

§.3.2.2.3 When Generated. The PLS_SIGNAL.indicate service primitive is gerieraled whenoever
SIGNAL_ STATUS malkes a transition from SIGNAL ERROR to NO_SIGNAL_ERROR or vice versa.

6.3.2.2.4 Effect of Receipi. The effect of receipt of this primitive by the MAC sublaver is
unspecified,
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7. Physieal Signaling (PLE) and Attachment Unit Interfuce (AUL) Specifications

7.1 Scope. This section defines the logical, electrical, and mechanieal characteristics for the PLS and AUL
between Data Terminal Bguipment and Medium Attachment Units uged in C3MA/CD Iocal area networks,
The relationship of this specification to the entire ISO [IEEE] Local Avea Network standards is shown in
Tig 7-1. The purpose of this interface is to provide an interconnection that is siimple and inexpensive and
that permits the development of simple and inexpensive MAUS.

08l LAN
REFERENGCE MODEL GSMACD
LAYERS LAYERS
APPLICATION " HIGHER LAYERS
: 1LC
PRESENTATION / | LOGICAL LINK CONTROL
/
MAG
SESSION , [MeDwaccESS comTROL | hDTE b pre
; - (AL nal
THANSPORT S exposed)
’
/
NETWORK ;o d
/ .
DATA LINIC / : [ -
PMA HAAU
PHYSIGAL l
- i | @——————é ]

§ MEDIUM

AUt = ATTAGHMENT UNIT iNTERFACE
MAU = MEDIUM ATTACHMENT UNIT

MDI MEDIUNM DEPENDENT INTERFAGE
PMA PHYSICAL MEDIUM ATTACHMENT

Fig 7-1
Physical Layer Pariitioning, Relationship to the ISO Open Systems Intereonnection
(O51) Reference Modal

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

(3) Permits the DTE to test the AUL AUI cable, MAU, and the medium itself
(4) Supports MAUs for baseband coax, broadband evax, and baseband fAiber

7.1.1 Definitions

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

NOTE: The AUI carries encoded controt and data signals beiween the D'PEs PLS sublayer and the MAU's PMA sublayer and provides
for duplex dats transmission.

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

bit time. The duration of'on.e'bit symbol (/BR).
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cireuit. The physical moediom on which signals arc carpied neross the AUL The dain and controd cirenits
consist of an A cireail and a B cirawit forming a balanced fransmission system so that the sipgnal carried on
the B circuit is the inverse of the signal carried on the A eireuit.

Clocked Data One ($D1). A Manchester encoded data “1.7 A I is encoded as a L0 lov the first half of
the bit-cell and a HY for the second half of the bit-cell,

Clocked Dato Fero (C0). A Manchester eneoded data “0.” A CDO is encoded as a HI for the fivst half of
the bit-eell and a LO for the second half of the bit-cell,

Conlrol Signal Gne (C81). An encuded contrel signal nsed on the Control In and Control Out civeuits. A
(51 is encoded as a sipnal at half the bil vate (BR/2).

Contrel Signal Zevo (C80). An encoded control signal used on the Control In and Control Out circuits. A
CS0 i5 enended as a signal at the bit rate (BR).

idle (IDL). A signal condition where no transition oceurs on the fransmizsion line is used 1o define the end
of a frame and ceases fo exist afler the next LO to HI transition on the AUT circuits. An IDL always beging
with n 11 signal level. A driver is required to gend the IDL signal {or al least 2 bit times and 2 receiver ig
required to detect IDL. within 1.6 bit times. See 7.3 for additional details.

7.1.2 Bummary of Major Concepls

i1} Iiach direction of data iransfer is serviced with bwo (maling a tolsl of four) balanced cireuils: “Data”
and “Control.”

(2} The Data and Conire] circuits are independently self-clocked, thereby, eliminating the necd for sep-
arate timing cireuits. This is accomplished with encoding of all signals. The Control cireuit signaling
rate is nominally (buf not of necessity exactly) equal to the Data circuit signaling rate.

(3) The Data cireuiis 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 message brans-
fer. No data signals associated with the interface are passed on these circuits,

7.1.3 Application. This standard applies to the interface used to interconnect Data Terminal Equipment
{DTE) Lo a MAU that is net integrated as a physical part of the DTE, This interface is used to

(1) Provide the DTH with media independence for baseband coax, broadband coax, and baseband fiber
media so that identical PLS, MAC and LLC may be used with any of these media.
(2} Provide for the separation by cable of up to 50 m (164 {t) the DTE and the MAT.

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

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

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

7.1.5 Alloeation of Function. The allocation of funciions 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 os possible,
This division of functions 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 aften be dif-
ficult and expeusive.

7.2 Functionn}l Speeification, The AUI is designed to make the differences among the vearious media as
transparent as poussible {o the DTE, The selection of logical contral sipnals and the functional procedures
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CEMARD

are ali demgned to this end, Figuwre 7-2 i a reforence model, o generalized MAU ays scen by the DR
theougl the AUL
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= ..
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MOTE: The AUl {comprised of DO, DI, TO, Gl circuiis) is nol exnestd
whan the MAU iz, cotionally, pat of tha OTE.

Fig 7.2
Generalized MALU Model

Many of the ierms used in this section are speeifle to the inferfnce between this sublayer and the MAC
aublayer. These terms are defined in the Service Specification for the PLS sublayer.

7.2.1 PLE-PMA (DTE-MALL Inierface Protocol The DTE and MAU communicate by means of a
simple protocol across the AUL

7.21.1 PLS to PVA Messnges. The lollowing messages can be sent by PLS sublayer entities in the
DTE to PMA sublayer entities in the MALL

Message Meaning
ol pui Output information
outpned _idle No data {o be output
normal Cease to isolate the MAU
{OUnptional)
isolote Isniate MALT
man _reguest Request that the MAU be made available

7.2.1.1.1 owiput Message. The PLS sublayer sends an ouipul message to the PMA sublayer when
the PLS sublayer reecives an QUTPUT_UNIT from the MAC sublayer
The physical realization of the muput message is a CD0 or a CD1 sent by the DT to the MAU on the
Data Out cirevil, The DTE sends a CID0 if the QUTPUT _UNIT is a ZERQ or a CD1 if the QUTPUT_UNIT
i5 a ONE. This message is time coded-—that is, once this message has been sent, the function is not com-
pleled over the AU until ane bit time later. The owipuf messape cannet be send again until the bit cell
being sent as a result of sending the previous eupuf message is complete,
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7.2.3.1.2 ciefpued_fdie Message, The PLS sublayer seads an ouiput idle messspe (o the PMA sob-
layer at all {imes when the MAC sublayer is not in the process of Lransferying oniput defa across the MAQ
to PLS interfacs. The eniput_idle message is no longer sent (and the fivel OUTPUT _DNIT Is sont using the
auipul message) a8 soon after the arrival of the firsl OUTEFUT_LNIT as the MAU cea be made svatlable
for data outpui. The ouipui idle message s agoin sent (o the MAU when the DATA COMPLETE is
received from the MAC sublayer. The detatled usage of the cuipi_idle message is shown in Fig 7.5,
‘Phe physical realization of the ouipud idle message is 1DL sent by the DPE 16 the MATY en the Data Out
cirenit.

7.2.1.1L.3 normeal Megsage, The PLS sublayer sends & narral message to the PMA sublayer after it
receives the PLS stert message from the PLS Reset and dentify Function. The normeal message is also sent
after receipt of RESET _MONITOR _MODE {rom the management eutity. The normal message is sent con-
tinvgusly by the PLS sublayer to the MAU, unless the PLS Output Funciion requires that the man_request
meszage be sent to permit data oulput. If mew reguest is sent during daia outpui, the sending of normal
will be resumed when the PLS Output Function returas to the IDLE state. The normal signal s vesel by
the SET_MONITOR_MODE (this reset funclion is described more fully hy Fig 7-4).

72.1.1.4 isolate Message (Optional). The PLS sublayer sends an izolate messnpge to the PMA (in
the MALJ) whenever the PLS sublayer receives SET_MONITOR_MODE from the manspenent entity. In
response to the isolaie measage, the MAU cauzes the means employed to impress dota on the physical
medium Lo be posilively prevented from affecting the medium. Since signaling and isolation techmiques Jdif-
fer from medivm to medium, the manner in which this positive isolation of the transmiiting means iz
aceomplished is specified in the appropriate MAU section. However, the intent of this positive isolation of
the transmitter iz to ensure that the MAU will nof interfore with the physical medium s such a way as to
affect Lransmissions of other stations even in the event that the means normally employed to prevent the
fransmitier from affeeting the medinm have failed io do so. The specification of positive isolation is nol to
be construed to preciude use of either active o passive devices to accomplish this funetion.
The physical realization of the isoleie message iz a C50 signal gent by the DTE to the MAYU over the Con-
trol Out circuit.

7.2.L1L5 mau_reguest Message (Cptional). The PLS sublayer sense the mau_request niessage to

the PMA sublayer if the PMA sublayer is sending the man_not_aveilable 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 1o PLS interface. See IMigs 7-3, 7-5, and 7-9 for details.

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

The physical realization of meu_reguest is a C81 sent by the D'TE to the MAU on the Conirel Out civeuit,

The physical realization of the normal message is the IDL signal sent by the DTE to the MAU on the
Control Out cireuit. In the absence of the CO circuit, MAUs implementing the lsolate Function shall aet as
if the normal message is present. The CO cirenil components may be absendt from the DTE, AUL or MAUL

7.2.1.2 PHA to PLS Interface. The following messages can be send hy the Physical Medium Attach-
ment sublayer entities in the MATU to the PLS sublayer entities in the DTE:

Messagn Meaning

input Input information

input_idle No tnput information

signal _guality_error Error deiected by MAU

meau_gvatlable MAL is available for output
{Optional)

marn_nol_availuble. MAU is net available for sutpui
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Pig 7-3

PLE Heget and Identify Funciion
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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 DT, The actual map-
ping of the signals on the medium to the type of input message to be sent fo the DTE is contained in the
specifications for each specific MAU type, In general, when the signal_guality_error message is being sent
by the MAT, the symmeiry specifications {or civeuit DI are not puaranteed to be met,

The physical realization of the inpuwt message consists of CIO or CD1 waveforms. I the signal_qual-
iy _error message is being sent from the MAU, the input wavelorm is unprediciable,

NOTE: Thia signal is not necessarily retimed Ly the MALUL Consult the approprisic MALU speeification for timing and jitter.
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Fig 7-4
PLS Mode Funciion

7.2.1.2.2 inpui_fdle Message. The PMA sublayer sends an input_idle message to the PLS sublayer
when the MAU does not have data to send to the DTE.
The physical realization of the input_jdfe message is an IDL sent by the MAU ¢o the DTE on the Datn In
vircuit.

7.2.1.2.3 signal_guality_error Message. The PMA sublayer sends a signgl_guolity_crror message
to the PLS sublayer in response to any of three possible conditions. These conditions are improper signals
on the medium, collision on the medium, and receplion of the ouiped idle messaze, They are deseribed in
the following numbered paragraphs. The physical realization of the signal_guafity_error message is a G50
gent by the MAU to the DTE on the Control In circuit.
NOTE: The MAU is required fo asserl the signel_guality_error message st the appraprinte times whenover the AT s powered, and
not just when the DTE is renuesting data output. See Figs 7-9, 5.2, and 83 for details.

{1} Improper Signals on the Medium. The MAU may send the signel_gualily error message af any time
due to improper signals on the medium, The exaet nature of these improper signals ave medivm-
dependent. Typically, this condition might be caused by a mallunctioning MAU Uor example,
repeater or head-end) connected 1o the medium or by & break or shorl in the mediwm. See the appro-
priate MAU specification for specific conditions that may cause improper signals on a piven
medinm,

{2) Collision. Collision cccurs when more than one MAU is transmitling on the medium. The local MAU
shall send the signal_guality_error message in every instanee when it is possible {ov it to ascertain
that more than ane MAU iz transmitting on the medium. The MAU shall make the best determina-
tion possible. The MAU shall not send the sigmal_quality _error message when it is unable to deter-
mine conclusively that more than one MAU iz transmitiing.

(3} signal_guality_crror Message Test. The MAU sends the signal_ quality_error message at the com-
pletion of the Output Funclion. See Fig 7-8 and Section 8 {for o more complete deseription of this
Lest,

7.2.1.2.4 nzczumtzvczz"fcrb[e Message. The PMA soblayer sends ihe mau_avcilafble message to the

PLS sublayer when the MAU is available for outpul. The moi_cvailoble message is always sent by a MAU
that is always prepared fo output data except whea it iz requived io signal the signal_guelity_error
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Pig 7-5
PLE Ouiput Funelion

message, Such a MAU does not require meau_reqguest (o prepare itself for datn output. See Figs 7-3, 7-5, and
7-9 for details,

The physical realization of the mew_gveidable message fs an IDL: sent by the MAT to the DTE on the
Contyol In cireuit.

7.2.0.2.5 mor_not availabie Messape (OPFTIONAL). The PMA  sublayer sends a
man_not_availobie message to the PLS sublayer when the MAU is net available for output. Figure 7-5
shows the relationship of men_nof_svailabie to the Oulput Fonction.
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The mau_no! _grailable message is alse uged by a MAU thal containg the Isolate Function and doez not
need to be conditioned for output to signal the presence of the Isolale Funefion during the PLS RBesel Pune-
tion (see Fig 7-3 and 8-3)

The physical reolization of the mau_nel_coewilable wnessage is a CEL sent by the MAU to the DTE on the
Control In circuit.

7.2.2 PLS Interfaco to MAC and Management Buiities, The PLS sublaver interfaces deseribed hore
are for reference only. This seciion gpecifies the services sent between the MAC sublayer and the PLS sub-
layer.

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

Message Meaning

QUITPUL_UNIT Data sent to the MAU
OUTTPUT_STATUS Response to QUTPUT_UNIT
INPUT _UNIT Data received from the MAU
CARRIER_STATUS Indication of input activity
SIGNAL_STATUS Indication of error/no error condilion

7.2.2.1.1 CUTPUT_UNIT. The MAC sublayoer sends the PLS sublayer an QUTPUT _UNIT every time
the MAC sublayer has a bil to send. Once the MAC sublayer has sent an OUTPUT_UNIT o the FLS sub-
layer, it may not send another OUTPUT _UNIT until it has received an OUTPUT _STATUS meszage from
the PLS sublayer, The QUTPUT_UNIT iz a ONE if the MAC sublaver wanisg the PLE sublayer to send a
CD1 io the PMA sublayer, a ZERO if a CDO is desired, or a DATA_COMPLETE if an ITIL 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 is an
OQUTPUT_NEXT if the PLS sublayer is ready to accept the next QUTPUT_URNIT from the MAC sublayer,
or an QUTPUT_ABORT if the PLS sublayer was nol able to process the previcus QUTPUT_UNIT. (The
purpose of OUTPUT _STATUS is to synchronize the MAC sublayer data output with the data rate of the
physical medium.)

7.2.2. 1.3 INPUT_UNIT, The PLS Sublayer sends the MAC sublayer an INPUT _UNIT every time the
PLS receives an inpid message from the PMA sublayer. The INPUT_UNIT is a ONE if the PLS sublaver
receives a GDI from the PMA sublayer, a ZERQ ifthe PLS sublayer receives a CD0O 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 earrier status, The PLS sablayer sends CARRIER ON when
it receives an input or signal_guality_error message {rom the PMA and the previeus CARRIER_STATUS
that the PLS sublayer sent to the MAC sublayer was CARRIER _OFF. The PLS sublayer zends
CARRIER_QFT when it receives an inpui_idle from the PMA sublayer, no signal_qualiiy_crrer (either
mau_gvaitable or may_not_gvailuble) message and the previons CARRIER_STATUS that the PLS sublayer
sent to the MAC sublayer was CARRIER_ON,

722,15 SIGNAL _STATUS. The PLS sublayer sends the MAC sublayer SBIGNAL_STATUS
whenever the PLS sublayer defects a change in the signal quality (as reported by the PMA). The PLS
sublayer sends SIGNAL_ERROR when it receives a signal_quality_error messaze from the PMA sublayer
and the previous SIGNAL_STATUS the PL3 sublayer sent was NO_SIGNAL_ERROR. The PLS sublayer
sends NO_BIGNAL _ERROR  when it veceives no signol_guality_crror (cither mowv_available or
met_not_avadable) message from the PMA sublayer and the provious CARRIER _STATUS that the PLS
sent to the MAC sublayer was SIGNAIL_ERROR.
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7,822 PLS-Management Entity Interince. The {ollowing messages may be sent between the PLE
sublaver entities and intralayer or higher layer management entitios;

Message Meantfog

RESET REQUEST Resel PLS ta initial “Power Oa” state
RESET _RESPONSE Provides operational information
MODE_CONTROL Control operalion

BQE_TEST Signal Quality Brvor test results

7,2.2.2,1 RESET REQIEST. The management entity sends the PLS sublayer RESET_REQULEST
when the PLE sublayver needa to be veset to a known siate. Upon receipt of RESET _BEQUEST, the PLS
sublayer resete all internal logic and restarts all functions. See Fig 7-3 for details.

7.2.2.2.2 RESET RESPOMSE. The PLS sublayer sends the manogement entity
RESET_R SPONSE upon completion of the Reset and Idenlify Function (see Fig 7-3 and 7.2.4.1) whether
invoked due to power on or due to a RESET_REQUEST. Which RESET _RESPONSE was sent is doter-
mined by the Reset and Identify Funclion, A RESET _RESPONSE of OPERATION SIMPLE, OPERATION
ISOLATE, or OPERATION CONDITIONED is sent if the MAU is compatible with the DTE and the MAU
is simple (no isolate) or if the DTE does not support lsclate even if Isolate is supported hy the MAU, sup-
ports [solate but does not reguire conditioning, or supports Isolate and does require conditioning to output.
ARBSET _RESPONEER of INCOMPATIBLE is sent if the MAL is not eompatible with the DTE (that is, the
MAU requires conditioning bub the DTE does not support canditioning).

7299 MODE CONTRCL. The managemeni entity sends MODE_CONTROL to the PLS sub-
layer to control PLE functions. MODE _CONTROL capabilitics are as {follows:

Message Meaning

ACTIVATE PHYSICAL Supply power on cireuil VP

DEACTIVATE PHYSICAL Remove power from vircuit VP

SBET_MONITOR_MODE Send Isolate to MAU !

RESET_MONITOR_MODE Send Mormal to MAU

7.2.2.2.4 BOR_TRET. The PLS sublayer sends SQE_TEST to the management entity at the conclu-
gion of each signal_guality_error test (see Qutpul Function, 7.2.4.3). The PLS sublayer sends
SQE TEST _ERROR if the signal_guality_error test fails or BQE_TEST OKif the signal _quelity_error test
pasHes.

7.2.8 Frame Structure. Frames transmitted on the AUT shall have the following structure:
<silence><preambles<sfd><datas<eld-<silences 5

The frame clements shall liave the following characteristics:

Ilement

<silence> = no transitions :
<preamble> = alternating {CD1) and (CDO) | 56 bit times (ending in CDO) ‘
<sfd> = (CD1XCDOYCDIXCHOXCD1ICDOXCDINCD L)
<datas =8xN -
<cetds> =IDL - 5
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7.2.3.1 Bilence. The «<silences delimiter provides an observation window for an unspeci
time during which no tronsitions ecoir on the AUL The minimuny length of this pesiod 5 s
access procedure.

7.2.3.2 Proasmble. The <preamble> delimiter beging o Prame trapsmizsion and provides o signal for
receiver synchronization. The signal shall be an alfernedivg pattern of (CD1} and (C10Y. This patieen shall
be transmitted on the Data Out civevit by the DTE to the MAU for & minimum of BG Bt Gmes al the begin.
ning of each frame. The last bit of the preamble (that is, the final bit of preanble hefore the siart of frame
delimiter) shail be a CDQ.

The DTE is required to supply at least 56 bits of preamble in order to satisly system requirements, Sys-
tem components consume preamble bits in arder to perform their fanctions. The number of preamble bits
seurced ensures an adeqguate nuinber of bites are provided to each system componeni io eorrectly implement
its function.

7.2.8.8 Start of Frame Delimiter (SFD) The <sfil> indicates the stait of a frame, and {ollows the
preamble. The <sfd> element of a frame shall be

(CDUCHONCDINCDOACDIKCDOKCDIHCD)

7.2.3.4 Dota. The <datax in a trangmission shal! be in mulliples of eight {8) cocoded data bits (CDOs
and CD1ls).

7.2.9.5 Bnd of Transmigsion Delimiter. The «etdr delimiter indieates ithe end of a tranamission and
serves to tura off the transmitter. The signal shall be an IDL.

7.2.4 PLE Functions. The PLS sublayer functions consist of a Resel and Identify Funetion and five
simultaneous and asynchronous functions, These functions are Output, Inpuei, Made, Brror Sense, and
Carrier Sense. All of the five functions are started immediately following the completion of the Reset and
Identify FPunction. These functions are depicted in the stale dingrams shown in Figs 7-3 through 7-8, using
notation described in 1.2.1.

7.2.4.1 Reset and Identily Function. The Reset and Identify Function is execuied any time either of
two conditions oceur, These two conditions ave “power on” and the receipt of RESET_REQUBST from the
management entity. The Reset and Identify Funetion initializes all PLS functions, and foptionally) deier-
mings 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 lunction ig oplional.

7.2.4.2 Mode Funetion. The MAL functions in two modes: nernsal and moniter, The meniior modo 1
oplional. The state diagram of Fig 7-4 depicts the operation of the Mode Funclion. When the MAU is oper-
ating in the normal mode, it functions as a direct conneelion between the DPE and the mediom. Data sont.
from the D'TE are impressed onto the medium by the MAU and all data appesring on the mediwmn arc sent
to the DTR by the MAU. When the MAU is operating in the momitor mode, data appearing on the medium
is sent to the D'TE by the MALT as during the normal mode. signal_gualify _error is also asserted on the AU
as during operation in the normal mode. However, in the monitor mode, the maans employed 1o impress
data an the physical medium is positively prevented from affocting the medivm. Since signaling and ieola.
tion techniques differ from medivm fo medium, the manner in which this positive isolation of the transmit-
ting means is accomplished is specified in the appropriate MAU docoment. However, the intent of this
peeitive isolation of the transmitter is to ensure that the MAU will not interfere with ihe physical medium
in such a way as to affect transmission of other stations even in the cvent of fntlure of the normal {ransmit-
ter disabling control paths within the trausmilling mechanism of the MAU.

The monitor mode is intended e permit a network station to determine i 1L is the source of interference
observed on the medium.
NOTE: The moritor mode is intended to he used only by Netwwork Management. for fuuli isolatinn and netvork operation verification.
It iz intended that the isplafe message provids direct conirol aver the mode Function ao that these tasks can be perfanmed, IMPROPER
USE OF THE ISOLATE FUNCTION CAN CAUSE ERRONEOQOUS FRAMES. Seetian &, Layer Management, provides delaiis on the
praper use of this functien. .
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Fig 7-G
PLS Input Panction

7.2.4.3 Cuiput Funection. The PLS sublayer Output Funetion transpavently performs the tasks of
conditioning the MATU for output and data transfer from the MAC sublayer to the MAU. The state diagram
of Fig 7-5 dopicts the Quiput Function operation.

At the conclusion of the Gulput Function, if a collision has not oceurred, n test is performed to verify
aperation of the signal qualily detection vaechanism in the MAU and Lo verify the ability of the AUl {o pass
the signal_qguality_grror message to the PLS sublayer, The operation of this {est in the DTE is shown in
Figr 7-8, .
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PLS Error Sense Funetion

7.2.4.4 Inputl Function. The PLS sublayer Input Function transpavenily performs the task of daia
transfor from the MAU to the MAC sablayer. The state diagram of Fig 7-6 depicts the Input Funetion
operation.

7.2.4.5 Ervor Sense Function. The PLS sublayer Error Sense Munction 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 operation.

7.8.4.6 Carrier Bense Function. The I'LS sublayer Carrier Sense Function performs the {ask of
sending CARRIER_STATUS to the MAC sublayer every time there is a change in CARRIER_STATUS. The
state dingram of Fig 7-8 depicts the Carrier Senge Function operation,
Varification of the signal_gualify_error detection mechanism ocenrs in the following manner {n the
abgence of a fanlt on the medium),

{1) At the conclusion of the output function, the DTE opens a time window during which it expeets to
see the signal_guolity_error signal asserted on the Contrel In cirenit. The time window begins when
CARRIER_STATUS becomes CARRIER_OFI If execulion of the Ouiput Funetion does notb cause
CARRIER_ON to sccur, no SQE test oceurs in the DTE, The duration of the window shall be al least
4.0 pe but no more than 8.0 ps. During the time window (depicted as carvier_inhibit_timer, Fig 7-8)
the Carrier Sense Funclion is inlhibited.

(2) The MAU, uvpon waiting Tw (wait thime) after the conclusion of outpui, activates as much of the sig-
nal quality error detecting mechanism as i possible without placing signals on the medium, thus
sending the signol_guoelity_grror message across the AUL for 10 & 5 bit times (IW/BR & 5/BR
seconds).

{3) The DTE mterprets the reception of the signal_guelity_error message from the MAU as indication
that the signal_qualiiy_error detecting mechanisn is operational and the signel_quality_crror mes.
sage may be both sent by the MAU and received by the DTE,

NOTES: {3} The occorrence of multiple foverlapping) trangmitters on the medinm doring the time that the test window is
apen, as specHiod above, will satisfy the test and vill verify proper operstion of the signal quality erver detecting mechanizm
and sonding and receiving of the appropriate phyzieal error mesgage.

(2) It signal_quality_errar exists ot the DTE before CARRIER_OFF orcuys, then the Collizion Presence test sequence
within the PLS as described in 7.2.4.3 above shail be sborted as shown in Fig 7.8.

7.3 Signal Charactleristics

7.3.1 Signaf Encoding. Two different signal encoding mechanisms may be used by the AUL One of the
mechanisms is uged to encode data, the other to encode control,
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PLS Carvier Bense 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 data and clock into "bil-symbols.”
Each hit-symbol is gplit into two halves with the second half containing the binary inverse of the first half;
a transition always ocenrs in the middle of each bit-symbol. During the first half of the bit-symbnl, 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 whiclh the first half is HI and the second half is LO. A CD1 is encaded ag a hit-symbol in
which the firgt half is LO and the second half is HI, Examples of Manchester waveforms are shown in
Fig 7.10
The line condition IDL is also used as an encoded signal. An IDL always starts with a HI signal level.
Since IDL always starts with a HI signal, an addifional transition will be added to the data stream if the
last bit sent was a zero. This transition cannot be confused with clocked data (CDO or CD1) sinee the tran-
sition will oceur at the stari.of a bit cell, There will be no transition in the middie of the bit cell. The IDL

a9

CISCO 1022
Cisco v. ChriMar




TROAEG 8BS
ANEVIEET

2.3 01403
Bl 5023, 1903 Kdition LOUAL AND MEPROPOLUTAR AREA NETWOLRKY

Poverla
SOUATED | eUalUeEt SO LATE /GONDITIONED
% poaitive._dizabla # pogitive_discbia
& disable . driver . ;W B mmhia_,.drwa;‘
& mod.not..ovallable s mauavaiicile
(if no_.coilizion) (if no._collision)
& SQE (i collision)} ¥ SQE (i colligion}
rormol output
HOT ISOLATED IBQLATED QUTRUT
# rnot..posifive..disable [ @ positive..disable
@ disable_driver izolata % enable..driver
& mou._not..availobla @ iouoveilabla
(if no_collision) - {if no..coliigion)
@ SQE (if collision) & SOE (H collision)
mau._, | request cuipui_.idle
: Mol | request
CONDITIONED GUTPUT IDLE
S el positve. dobis A g
@ eanoble_drivar & disable..driver
@ ol gvailable & mau_avoiloble
(if no..collision) (if no_.coliision)
% S0 (if collision) @ SOE (if collision)
ou‘iput T
/
OUTPUT START TEST TIMER 1
@ not__positive_disable @ pogitiva_.dizable
& enable,,.driver % disable_.driver
&€ mau..ovailobls @ SOE (if collision)
{if no_collision) @ asu..availobla
& SOE (if collision) (if no.collision}
output_idls \ {stort... test..timorl
A/ ueT

N4

muot..raquest

{a)

NOTIE: See Figs 82 and 83 for asimple and isolate (vps RALUg

Fig 79
Interface Function for MAU with Conditioning

condition, as send by a driver, shall be maintained for a minimum of 2 bit Uines. The IDL condition shall be
detected within 1.6 bit tinres at the receiving device.

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

12)  Hecovery of timing implicit'in the data is easily accomplished at the receiving side of the interface
because of the wealth of binary trangitions guaranteed to be in the encoded waveform, independent
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Pig 7-0
Interfnce Fonetion tor MAL with Conditioning

of the datn sequence. A phase-locked loop or equivalent mechanism meintaing continuons tracking
of the phage of the information on the Data greuit.

7.8.1.2 Contrel BEncoding. A simpler encoding mechaniam is used for contral signaling than for data
signaling. The encoded symbols used in this signaling mechanism ave €80, C51, and 1DL. The CS0 signal
in a signal stream of frequency equal to the bit rate (BR). The C81 signal is a signal stream of frequency
equal to hall of the bif rate (BR/2), Il the interfaee supports more then one bit rate (see 4,2), the bit rate in
use on the data circuits is the one té which the control signals are referenced. The IDL, signal uged on the
control circuits is the same as the 1DL signal defined for the data cireeits (see 7.3.1.1). The Control Out cir-
enit i optional (O) as is one message on Condrol In.
The frequency tolerance of the C81 and €80 signals on the CO circoit ghall 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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Bramples of Manchester Waveferms

he no worse than 605:/40%. The CS0 signal on the CI circuit shall have a frequency talerance of BR 4:35%,
~-15% with the pulse widtha no less than 35 ns and no greater than 70 ns at the zero crossing points,

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

Signal Messnge Description

IDL normeol Instruets the MAU to enfer (remain in) normal mode
C81 mae_reguest (G) Requests that the MAU should e made available
030 isolaie (O) instructs the MAU to enter (remain in} monitor mode

The meaning of the signals on the Contrel In civcuit (MAT to DTE} are:

Signal Message Description

iDL mau_available Indicates that the MAUs ready to output data

51 maw_not_available Indicates that the MAT is not ready to output data

CS0 signal_quality_error Indieates that the MAU has detecied an error outpol dain

7.3.2 Bignaling Eate. Signaling rates of from 1 o 20 Mb/s are encompassed by this standard. This edi-
tion of the astandard specifies a signaling rate of 10 million bits per second &+ 0.01%.

It is intonded that a given MDI operate at a single data rate. It is not precluded that specific DTE and
MATL designs be manually switched or sef to alternate rales. A given local network shall operate at a gingle
signaling rate. To facilitate the configuration of operational systems, DTHE and MAU devices shall be
labeled with the actual sipnaling rate used with that device.

7.3.3 Signaling Levels. Exact vollupe and current spacifications are listed in 7.4,
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7.4 Hlecirical Charvactevisties, Torms BR and BHAZ hove very speedic meaning a3 used in this
subseetion. The iernt BR is veed o mean the it eate of the highest signaling vate supporied by any one
implenentation of this mterface, BR/2 is used Lo mean hall the bit vate of the lowest signaling rate
gupported by any one implementation of this intertace tree 7.0.2). An interface may support one or more
sipmaling rates.

NOTE: The charsgieristivs of the driver and receiver can be achiovied with standard BUL logie with the addition of an appoopriate
coupting networlk; however, this implementatian is nol mandatory.

7.4.1 Driver Chavacleristics. The driver is a differenfial driver capable of driving the specified 78 Q
interface cable. Only the parameters necessary (o ensure compatibility with the specified receiver and to
asgure personnel salely al the interface connector ave specified in the following seetions.

7.4.1.1 Differentinal Guiput Voltage, Loaded. Drivers shall meet all reguivements of this seetion
under fiwo basie sets of test conditions (that is, cach of two resistive values), For drivers located within a
DTE, a combined inductive load of 27 (H & 1% and either o 73 or 83 £2 £ 1% resistive load shall be used. For
a driver loeated within a MAU, a combined inductive load of 50 111 & 1% and either 73 or 83 {3 £ 1% vesis-
tive load shall be nsed.

The differential output voltage, Vi, is allernately pesitive and negative in magnitude with reapect to
zero voltage, The value of Vg, into cither of the two test Ioads identified above (R = 73 D or 83 Q& 1%) al
the interface connector of the driving unit shall satisfy the conditions defined hy values Vo, Vo, and Vy
shown in Fig 7-11 for signale in between BR and BR/2 meeting the frequency and duty cyele tolerances
specified for the signal being driven. The procedure for measuring and applying the test condition 1 ns
follows:

{1} Measure the outpul voltage Vg for the driver being tested at the wavelorm point afior overshoot,
hefore droop, under test luad conditions of 7.4.1.1. This voliage iz V.

{2y Caleuniate Vy and Vi

(33 Vyshall he < 1315 mV, Vy shall be » 450 mV.

{4) The waveform shall remain within shaded area limits,

The differential outpui voltage magnitude, Vyy, into either of the fwo test loads identified above, at the
interface connector of the driving unit during the idle state shall be within 40 mV of ¢ V. The corvent into
gither of the two test loads shall be limited to 4 mA.

When a driver, connected 1o the appropriate two test loads identified abuve, enters the idle state, it shail
maintain a minimum differential output voltage of at least 0.7 x Vo mV for at least 2 bil times afier the [ast
low to high transitien. The driver differential eutput 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 (1 circuits, the fivst transition or the lazt positive going transition may
oceur asynchronously with respect to the thming of the following transitions or the preceding transitionfs),
respectively.

7.4.5.2 Reguirements Afier Tdle. When the driver bevomes nonidle after a period of idle on the inter-
face cirenit, the differential output voliage at the interface connector shall meet the requirements of 7.4.1.1
heginning with the first bit transmilted. The first transition may oceur agynchronsusly with raspect to the
timing of the following transitions.

7.4.1.3 AC Common-Mode OQutpul Voltage. The magnitude of the ac component of the common-
mode output voliage of the driver, measured between the midpeint of 2 fest load consisting of a paiv of
mateliod 39 £2 4 1% vesistors and circuit VG, as shown in Pig 7-13, shall not exceed 40 mV peak.

7.4, 14 Bifferential Output Voliage, Open Circuif. The differential outpuot vollage into an open eir-
cuik, measured at the interface connector of the driving unit, shall not exceed 13 V peak.

74,15 DO Commoen-Mode Ouiput Velinge. The magnitude of the de component of the common-
mode cutput voltage of the driver, measured between the midpnint of & fest load consisting of a pair of
matched 38 Q & 1% resistors and cireuil VC, as shown in Fig 7-13, shall not exceed 5.5 V.
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Fig 7-11
Riffevential Output Voltage, Loaded

7.4.1.6 Fault Tolevance. Any single driver in the interface, when idle or driving nny permissible sig-
nal, shall tolerate the applicaiion of cach of the faulls specified by the switch setliops 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 vader any of the fault
conditions specified shall not excesd 150 mA.

7.4.2 Receiver Charascleristics. The receiver specified terminates the interface cable in its character-
istic impedance. The receiver shall function normally ever the specified de and ac common-mode ranges,
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7.4.9.1 Beceiver Threshold Levels, When the receiving interface clrcuit at the interface connector of

the receiving equipment is driven by a differential input signal at either BR or BR/2 meeting the frequency
and duty eycle tolerances specified for the receiving civevit, when the A lead is 160 mV positive with respect
to the T lead, the interface eireuit is in the HI state, and when the A lead is 160 mV negative with respect
to the B lead, the interface circuit is in the LO state. The receiver output shall assume the intended HI and
LO states for the corresponding input conditions,

If the receiver has a squelch feature, the specified veceive threshold levels apply only when the squeleh is
allowing the signal to pass through the receiver.
NOTE: The specificd threshotd lovels do not take procedones over the duty gycle and jitter toleranee specified elsewhere. Both sets of
specifications must be mel.

7.4.2.2 AC Differential Input Ympedance, The ac differential input impedance for AUI receivers
located in MAUs shall have 2 real part of 77.83 £ 3 69, with the sign of the imaginary part pesitive, and
the phase angle of the impedance in degrees less than or equal to 0.0338 times the real part of the imped-
ance, when measured with a 10 MHz sine wave.

The ae differential input impedance for AUT receivers located in the DTE shall have a real part of
77.95 0 & 6%, with the sign of the imaginary parl pusitive, and the phase angle of the impedance in degrees
fess than or egual to 0.0183 times the real part of the impedance, when measured with a 10 Mz sine
wave,

A T8 0 & 6% resistor in parallel with an inductance of greater than 27 p#H or 50 pbl for veceivers in the
MATU and DTE respectively, satisfies this requirement.

7.4.2.3 AC Common-Mode Range, When the receiving interface cireuit at the receiving equipment is
driven by a diffevential input signal at either BR or BIV2 miecting the frequency and duty cycle tolerances
speeified for the cirenit being driven, the receiver output shall assume the proper ouiput state o= specified
in 7.4.2.1, in the presence of a peak common-mode ac sine wave voltage either of from 30 Hz to 40 kiz ref-
erenced to cireuit VO in magnitude fiom 0 to 3V, or in magnitude 0 o 100 mV for ne voltages of from
40 kHz i0 BR as shown in Fig 7-15.

NOTIS: The receiver shall alzo be able {0 reject smalt ae conmon mode signals in frequencies outside of this ranpge.

7.4.2.4 Total Common-Mode Range, When the receiving interface circuit at the receiving equipinent
is driven by a differential inpui signal at either BR or BR/2 meeting the frequency and duty cycle foler-
ances specified for the eircuit being driven, the receiver output shall assume the intended output state as
specified in 7.4.2.1 in the presence of a tetal common-mode voltage, de plus ae, referenced to cireuit VO in
magnitude from 0 ta 5.5 V, as shown in the test setup of Fig 7-15, The ac component shall not exceed the
requirements of 7.4.2.3.
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Common-Mode Inpuf Test

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

7.4.2.5 Idle Input Behavior. When the receiver hecomes nonidle after a period of idle on the interface
circuit, the characteristics of the signal at the output of the receiver shall stabilize within the startup delay
allowed for the device incorporating the receiver so that it 15 nol prevenied from meeting the jitter specifi-
cations established {for that device.
The receiving unit shall take preeations to ensure thal a HI to idle transition is not falsely interpreted
as an idle to nonidle transition, even in the presence of signal droop due Lo ac coupling in the interface
driver or receiver cireuits,

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

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

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

In addition, the magnitude of the current into either input of the receiver under any of the fault condi-
tions specified shall not exceed 3 mA.
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Fig 7-18
Receiver Fault Conditions
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7.4.3 AUY Cable Charvacteristioz. The interface cable consists of 1ndividually shielded twisted paivs of
wires with o overall shicld covering these individual shiclded wire pairs. These shields must provide sef-
ficient shiclding to meet the requivementa of protection against ot interforence and the fellowing eable
parameters. Individual shields for each signal paiv are electrieslly isoloted from the outer shield hut not
necesaarily from each other,

Phe overall shield shall be returned to the MAU and DTE Units via the AUL connector shell as defined in
7.68.2 and 7.6.3. Il o common drain wire 15 used for all the sigral pair shields, then 13 shall be covmected to
pin 4. Individual drain wire returns for each signal pair may be used (see 7.6.3). It is recommended that
individual drain wires be used on all control and data cirenit shields to meet satisfactory cressialk levels, If
individual drain wires are used, they shall be interconneeted within the ATI cable at each end and shall be
connectod at Teast to pin 4 at cach end of the cable.

The pregence of the Control Ont signal pair is optional. If driver or receiver circuit components for CO
are not provided, congideration 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 do power pair in the interconnecting cable, voltage common and voltage
minus, shall be composed of a twisted pair of sufficient gaupge 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 aceording to the nc related parameters in 7,.4.3.2-
7.4.3.6.

7.4.3.2 Pair-to-Pair Balsneed Crossiall. The balanced erosstall 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) shell have a minimum value of
40 dB of attenuaiion measured over the range of BR/2 to BR.

7.4.8.% Differential Characteristic Impedance, The differential characteristic impedance for all
signal pairs shall be equal within 3 2 and shall be 78 + 5 £ measured at a {requency of BR.

7.4.3.4 Transfer Impedance

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

(2) 'The differential mode transfer impedance for all paivs shall be at least 20 dB below the common-
mode transfer impedance,

7.4.2.5 Attenualion. Total cable attennation levels between driver and receiver {at separate stations)
for each signal pair shall not exceed 3 dB over the frequency range of BR/2 to BR (Hz) for sinewave mea-
surenients,

7.4.3.8 Timing Jitter. Cable meeting this apeeification shall exhibit edge jitter of no more than 1.5 ns
at the receiving end when the longest legal length of the cable as specified in 7.4.3.1 through 7.4.3.7 is ter-
minated in & 78 Q + 1% resistor o the receiving end and is driven with pseudorandom Manchester encoded
binary data from a data generator which exhibits no more than 0.5 ns of edge jitter on half bit eells of
exactly 1/2 BT and whose output mieets the specifications of 7.4.1.1 through 7.4.1.5. This test shall be con-
ducted in a neige-free envirenment. The above specified component is not to introduce more than 1 ns of
edge jitter inlo (he system.

NOTE: Spocial attention will have to be npplied o the cable characterizlies and length at 20 Mb/s,

7.4.3.7 Delay. Total signal delay between driver and receiver (at sepurate stations) for each signal pair
shall not exceed 257 ns.

7.5 Functional Description of Interchange Circuits
7.5.1 General. The AUI consists of cither three or four differential signal civeuits, power, and ground.

Two of the cireunits carry encoded data and two carry encoded contrel information. Cirenits DO (Data Qut)
and CO (Control Qut} are saureed by the DTE, and cirenits DI (Data In) and CI (Control Trs) are sourced by
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the MAU. The inierface alsa provides for power transfer from the DTE fo the MAU. The €O circuit is
optional,

7.5.2 Definition of Interchange Cireuits. The following civeuits are defined by this specification:

Signal Direction

Circuit  Name to MAU R;;% Remarks

DO Data Out 4 Encoded Data
DI Data In X Encoded Data
co Control Out X Encoded Contiol
CI Control Tn X Encoded Control
Ve Voltage Plus X 12 Volts

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

7.5.2.1 Circuit BO-Data Out. The Data Out (DO) eireuit is sourced by the DTE. It is g differential

pair consisting of DO-A (Data Qut circuit A) and DO-B (Data Qut cireuit B).

The signal transferred over this circuit is Manchester encoded. An ouipri message containing a one bit is !
encoded as CD1. An outpui_idle message is encoded as an TDL. ‘

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

Bit cells gencrated internal to the DTE are required to be 1 BT within the permitied tolerance on data
rate specified in 7.3.2, Half' bit cells in each data bit are the be exactly 1/2 BT (that is, the reference point
for edge jitter measuremeants) within the permitied tolerance on the datn 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 direction, This means ;
that any transition may occar up to 0.5 ng carlier or later than this transition would bave vecurred had ne
edpe jitter aceurred an this signal. :
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7.5,.2.2 Cireutt Dl-Data In. The Data In (DI) cirenit is sourced by the MALL It i o ditfevential pair
consiabing of DA (Data In clrenit A and DI-B (Dala In civeuit ).

The signal transferred over this cireait is Manchester encoded. An inpres messoge containing a zero bit s
encoded as OO, An inpu! message containing a one bit is encoded as CDI An inpuf_idle message is
encoded ag an IDL.

A DT meeting this specification shall be able lo receive, on the Dl cirenit without n detectable I'CS
error, normal preamble data avranged in legal length packets as sent by another station to the DTE, The
test generator for the data on the DI civeuit shall meot the requirements for drivers in MAUSs specified in
7.4.1.1 through 7.4.1.5 and shall drive the DI civenit through a zero length AUT cable. Random amounts of
edge jitter from 0 to 12 ns on either side of each transition shall be added by the test generator to transi-
tions in bitg in the preamble, and random amounts of edge jitter of from 0 to 18 ns on either side of cach
transition shall be added to the transitions in all bits in the frame. Preamble length from the tegt generator
shall be 47 bits of preamble, followed by the § bit SFD.

HOTE: A significant. portion of the syslem jitler may be nonrandom In nature and consists ol o slendy-siale shilt of the midbit transi-
tiens in either direclion from their nominal plocement. A 16.5 uz edge jitler is expected on the transmitted signal at the receiving
DTE, worst case. The difference between 10,5 ns and 18 s jitter represente receiver design margin,

7.5.2.3 Circuit CO-Conirol Out (Optional). The Contro! Out (CO) cireuit is sourced by the DT, It
is & differential pair congisting of CO-A (Control Out cireuit A) and CO-B (Control Out circuit B,
The signal translerred over this eireuit is encoded as deseribed in 7.5.0.2. A mou_request messuge is en-
coded ns CS1. A normal message 18 encoded as [DL. An isolefe message is encoded as CS0.

7.5.2.4 Circuit CI-Control In, The Control In (CI) circuit is sourced by the MAU. M iz a differential
pair consisting of CI-A {Control In circutt A) and CI-B (Contrel In cirenit B).
The signal transferred over this civenil is encoded ag described in 7.3.1.2. A maw_availeble message is en-
coded as IDL. A mou_not_cvailable message is encoded as CS1. A signal_guelfly_error message is encoded
as a C80.

7.5.2.5 Cireuit VP-Voltage Phas. 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 VO for all currents from 0 Lo
500 mA. The source shall provide protection for this cirenil against an overload condition. The method of
gverload protection is not specified; however, under no conditions of operation, either normal or overload,
shall the source apply a voltage to cirenit VP of less than 0 or greater than + 15.75 V de as specified abave.
MAY 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 loads drawing in excess of the current supplied are applied between VP and V. Adequate provisions
shall be made to ensure that such a condition does not cause the MAU to disrupt the medium.

If the DPE does not support cireuit VP, it shall have no connection to this civeuit,

7.6.2.6 Circuil VO-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 cireuils shall be made to civeuit
VC.

7.5.2.7 Civeuit PG-Proteciive Ground. Cihrenil PG shall be connceeted to chassis gpround through a
maximun de resistance of 20 mQ at the DT end,

7.5,2.8 Civeuit Shield Terminations. Individual pin terminations shall meet the following require-
ments

(1) Pins 1,4, 8, 11, 14 connected to logic ground in the DTE
(2} Pins 1, 4, 8, 11, 14 eapacitively coupled Lo VO in MAU

(7)) Impedance to ground < 5 £ at the lowest operational BR/2 in the MAU and at the highest BR in the
DTE
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7.6 Mochanical Characterislics

781 Definition of Mechanical Interfoce, All vonnectors used shall be as gspecified in 7.6.2, The DTE
shall have a female connector and the MAU shall have a male connecior. The MAU may be plugged divectly
into the DTE or may be connected by one or more cable segments whose {otal lengih is tess than or equal to
50 m. All eable sepments shall have a male connector on one end and a female connector on the other and,
All female connectors shall have the slide latch, and all male connectors shall have the locking posia {as
defined in Figs 7-18, 7-19, and 7-20} as the rofention systen.

7.6.2 Linte Interface Conneetor. A 15-pole connector having the mechanical mateability dimensions as {
specified in IEC 807-2 [7] with gold-pladed contacts shall be uged for the line interface conneetor. The shells |
of these conneclors shall be tin plated to ensure the integrity of the cable shield to chassis current path,

The resistance of the cable shield {o equipment chassis shall not exceed 5 mg), after a minimum of 500
cyeles of mating and unmaking.
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Fig 7.18
Connector Locking Posts
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In order to ensure intermateability of conneetors obialned from different manufaclurers, the conoeclor
with female contacis shall conform (o TBC 807-2 171 and have pold-plated contacis and tin-plated shells, All
additions to provide for female shell to male shell conduciivity sliall be on the shell of the connertor with
male contacts. There sheuld be multiple contact peints arsund the sides of this shell to provide for shield

continuity.

NOTE: Use of similor metalhe surfaces on connestor conduetiors and similsr metailic surfices on the comuecior shells minimizes gol-

vanic action nnd reduced pezlormance

The connector is not specified to prevent operalor contact with the shield, and precautions shall be taken
at installation time to ensure that the instalier is warned that the shield is not 1o be brought into contact
with any hazardous vollage while being handled by operating personnel.

See reference {A13].

7.8.% Contact Assignments. The following table shows the assignment of cireuits to connector contaets:

Contact Cireudt Use

3 DO-A Data Out cireuit A

10 DO-B Data Out cirenit. B

11 DoO-5 Dta Out efreuit Shield

5 DI-A Data In cireuit A

12 DI-B Data In cireuit B

4 DI.5 Data In circait Shield

7 Co-A Control Ouot circuit A

15 CO-B Control Oul civeuit B

8 CO-5 Control Out circuit Shicld
2 Cl-A Control in cireuit A

9 Cl-13 Control In circuit I3

1 Cl-5 Control In eireuit Shield
6 VG Voltage Common

13 VP Voltage Plus

14 VE Voltage Shield

Shell PG Proteclion Ground (Conductive Shell)

NOTES: (1) Valtage Plus and Voltage Common use a single twisted paiv in the AUL eable,
(2} Ag indicated in 7423, the Aldead of o cirenit is positive relative Lo {he B lead for a 111 sigaal and negative for 1 1O sipnal.
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2, Medinm Attachment Unil and Baselband Medium Specifications,
Type 10BASES

3.1 Seope

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

oSt LAN
REFERENCE MODEL CSMACD
LAYERS LAYERS
APPLICATION © HIGHERLAYERS - :
PRESENTATION LLC
/| LOGICAL LINK CONTROL
/
: MAC
SESSION , ’ ueoiaaccess controL| bote b oo
; Py (AUl not
exposed
TRANSFORT ;7| PHYSICAL SIGNALING erposed
p
o, . i i T
NETWORK ; : :
4 : B Y|
/ : :
DATA LINK / :
PHYSICAL
AL = ATTACHWENT UNIT INTEREAGE
MAU = MEDIOM ATTACHMENT UNIT
MOl = MEBIOM DEPENDENT INTERFAGE
PVA = PHYSICAL MEDIUM ATTACHMENT

Fig 8-1
Physical Layer Partitioning, Relationshiip fo the 180 Open Systems Interconneeiion
(OS5I} Refervence Model

8.1.1.1 Medivm Attachmeni Unit. The MAU has the following general characteristics:

(1} Enables coupling the PLS by way of the AUT to the explicit baseband coaxial transmission system
defined in this section of the standard,

(2) Supporis message traffic at a data rate of 10 Mbfs {alternative data rates may be considered in
future additions to the standard).

{(3) Provides for driving up to 500 m (1640 fi) of conxial trunk cable withent the use of a repeater,

(4) Permits the DTE to test the MAU and the medium itgelf

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

{8) Supports a bus topology interconnection means.

£.1.1.2 Repeater Unit. The repeater unit is used Lo extend the physical system topology, hns the same
general characteristics as defined in 8.1.1.1, and provides for coupling together two or more 500 m (1640 {t)
conxial trunk cable segments. Multipie repeater units are permitied within a single system to provide a
meaximum trunk cable connection path of 2.5 km (8200 {1) bebween any two MAUs,

115

CISCO 1022
Cisco v. ChriMar




ISOTEC 8802-3 + 1993
ANSVIERE Std 802.3, 1093 Edilion LOCAL AR METROPOLIPAR ARA JIETWORES:

8.1.2 Definitions

haseband conxinl system, A gystem wherehy information is diveotly encoded and impressed on the eous
ial Lransmission medium, At any peint on the medivm, ouly one information signal at a thme can be pros
without disruption (see eollision).

212, The rate of data throughput (hit rate) on the mediom in bits per sceond,
BR/2,. One half of the BR in Hevtz,
branch cable. The AUT cable interconneeting the DTE and MAU system components,

enrrier sense. In a local area nebwork, an ongoing activity of a data station to detect whether another sta-
tion is transmitting.
NOTE: A collision pregence signal is provided by the PLE to the PMA sublayer 1o indicate that ene er mere stations are rurrently

transmitting on the trunk cosxial cable.

econxial cable. A twa-conductor {center conductor, shield system), concentric, constand impedanee {rans.
mission line veed as the frunk medium in the baseband system.

eonvial eable imterface. The electrical and mechanienl interface to the shared coaxial cable medinm
either contained within or connected to the MAU. Also known as MDI (Medium Dependent [nterface).

conxinl cable segusent. A lengih of coaxial cable made up from one or more coaxial cable seclions and
coaxinl eonnectors, and terminated at each end in its charaeteristic impedance,

eollision. An unwanied condition that results from coneurrent transmissions on Lhe physical medivr,

collision presence. A sipnal provided by the PLS to the PMA sublayer (within the data link layer) to indi-
cate that multiple stations are contending for access Lo the transmizsion medium.

compatibility interfaces, The MDI coaxial cable interface and the AUTL branch cable interface, the two
points at which hardware compatibility is defined to allow connection of independently designed and man-

ufactured components Lo the basehand transinission system,

Medium Attachment Unit (MAU). In a local area nelwork, a deviee used in a data station te couple the
data ferminal equipment to the transmigsion medium,

Mediuvm Dependent Interface (MDT), The mechanieal and cleetrieal interface beiween the trunk cable
medium and the MAU,

Physical Medium Aitachment (PMA). The portion of the MAU that containg the functional civenitry,

Physieal Signaling (PLS). That portion of the Physical Layer, conlained within ihe DTE thui provides
the logical and functional coupling hetween MAU and Data Link Layers,

repeater. A device used to extend the length, topology, or interconneetivity of the physicol medigm beyond
thal imposed by a single segment, up to the maximum allownble end-to-end trunk transmission line
length. Repeaters perform the basic actions of restoring signal amplitude, waveform, and timing applied to
normal doda and collision signais,

trunlk cable. The trunk coaxial cable system.

8.1.3 Application Perspective: MAU and MEDIUM Objectives, This section states the broad objee-
tives and assumptions underlying the specifications defined throughout this section of the standard.
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#.1.3.1 Object

11y Provide the physical means for communication between local network data link enbities,

ROTE: Thiv standard covers a portien of ihe physical Inyer ss defined in the O3] Referenve Model and, in addition, the phya.
ieal medinm dzelf, which s bayond the scope of the OB Reference Bodef

{2) Define a physical inferfzee that can be implemented independently among different manufhcturers
of hardware and achieve the intended leve! of compatibility when interconnected in a common loeal
network.

(3) Provide a communication channel capabie of high bandwidth and low bit error rate performance,
The resultani mean bit error rate, at the physical layer service interfzce should be less than one
part in 108 (en the order of one part in 109 at the Hnk level).

(4} Provide for ease of installation and service.

(5} Provide for high network availability (ability of 2 station to gain access to the medium and enable
the data lnk connection in a timely faghion).

{8) Enable relatively low-cost implementations.

8.1.3.2 Compaiibility Considerations. All implementations of this baseband ceaxial systemn shall be
compatible at the MDIL

This standard provides one explicit trunk cable medium specification for the interconneetion of all MAU
devices. The medium itself, the functional capability of the MAU, and the AU are defined to provide the
highest possible level of compatibility among devices designed by different manulzcturers. Dosigners are
free 1o implement. eircuitry within the MAU in an application-dependont manner provided the MID Inter-
fnce and AUI specifications are satisfied.

Subsystema hased on Lhis specification may be implemented in several different ways provided compati-
hility at the medinm is maintained. It is possible, for example, to design an integrated station where the
MA ig contained within a physical DTE system component, thereby eliminating the AUI cable. The device
designer (and system user) shall then consider such faclors as lopologica! flexibility, system availabitity,
and configurability.

5.1.3.8 Relationship to PLS and AU Interface, Tiis section defines the primary physical layer for
the local area network, a layer comprised of beth the physical medium and the rudimentary dreuiiry nec.
essary to couple a station's messapge path directly toffrom the medium. The complete logical physical layer
of the Ineal arvea nelwork may reside physically in fwo distinel loeations, the MAU and the DTE. Therefore,
a close relationship exists between this section and Seefion 7. This section specifies all of the physical
meadium parameters, all of the PMA logical functions residing in the physical MAU, and references the AUI
associaled with and defined throughout Section 7.

NOTE: The design of a physical MAU component sequires the use of both his scetion and Seetion 7 for the PLS and AUT spoecifica-
tions

8.1.53.4 Modes of Operation. The MAL is capable of operating in either a “Normal® mode or an
optional “Monitor” mode.

(1) Normal Mode, The MAU funclions as a direct conneclion between the bazeband medium and the
DTE. Data output from the DTE is output to the conxial trunk medium and all data on the coaxial
trunk medium iz input to the DTE. This mode is the “normal” mode of operation for the intended
message traffic between stations.

(2} Monitor Mode. The MAU Transmit Function is disabled to prevent data from being output on the
trunk coaxial mediumn while the receive function and colligion presence function remain active for
purposes of monttoring medinm meseage traffie. 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 local station
is being serviced.

B.2 MAU Funotional Specifientions. The MAU component provides the means by which signals on the
four physically separate AUT signal circuits to/from the DTE and their nssocinfed interlayer moessages are
coupled to the single conxial cable baseband signal line. To achieve this hasic objective, the MAU compo-
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nent containg ihe following funclienal cupabilities Lo handie mesyaps fow between the DT and the base-
bancd medium:

{1} Transmit Function. The ability to transmit serial daia bil streams on the baseband medium from
the local DTE entity and to one or more remote DT endities on the same network.

{2) Receive Function. The ability to receive serial data bil sireqins over the baseband medium.

(3} Collision Presence Function, The ability fo detect the presence of two or more stations’ concurrent
transmissions.

(4} Monitor Function (Optional). The ability to inhibit the normal transmit data stream to the medivm
ab the same time the normal receive funclion and collision presence function remain operational,

{8) Jabber Function. The alility tv automatically interrupt the {ransmit function and inkihit an abnor-
mally long oubput data stream,

3.2.1 MAU Physical Layer Panctione

8.2.1.1 Trapsmit Function Reguirements. At the start of a frame transmission on the coaxial cable,
no more than 2 bits (2 full bit cells) of information may be received from the DO circuit and not transmitied
onto the coaxial medivin. In addition, it is permissible for the first bil seat to contlain 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 seeond bil cell iransmitied onto the coaxial cable shall be earried from the
DO signal line and transmitted onto the coaxial trunk cable medium with the correct timing and signal lev-
els. The steady-state propagation delay between the DO cireuit receiver input and the coaxial cable output
shall not exceed one-half bit cell, There shall he no logieal signal inversions between the branch eable DO
vircuit and the coaxial trunk eable {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
PO cireunit shall resuoll in a more positive voltage level on the trunlk cooxial medium, It is assumed that the
AUI ghall provide adequate profection agninst 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 Trangmii Function shall putput a signal on the trunk coaxial medium whose levels and waveform
comply with 8.3.1.3.

In addition, when the DO circuit bas pone idle after a frame is outpui, the MAU shall then activate the
collision presence function s close to the trunk coaxial cable 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
1.8 ps after the start of the output idle signal and shall maintain an active collision presence state for a
time equivalent to 10 £ 5 bit cells.

8.2.1.2 Receive Function Reguirenmients. The signal from the coaxzial trunk cable shall be dircetly
coupled to the receiver and subseguently ac coupled before reaching the receive circuit connected to the
DTE. The receive function shall outpuot a signal onto the IN circuit of the AUT cable that eomplies with the
AUI specification for drivers in MAUs.

At the start of a frame reception from the coaxial cable, no more than & bits (five full bit cells) of informa-
tion may be received from the coaxial cable and net transmitted onto the receive (DI) circuit, In addition, it
is permissible for the first bil sent over the receive circuit lo contain encoded phase violations or invalid
data; however, all successive bits of the frame shall reproduce the incoming sipnal with ne more than the
above specified amount: of jitier. This implies that the second bit cell sent onto the DI eircuit presents valid
datla to the branch cable. The steady-stale propagation delay between the coaxial cable and the receive (D)
circuit output shall not exceed one-half bit cell. There are no logical signal inversions hetween the coaxial
‘trunk) cable and the MAU (branch) cable reeeive cireuit. The circuit bandwidth of the receiver function
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 ferminators meeting the impedance requirements of 8.5.2.1 and driven at
ane end with psende-random Manchester encoded binary data from a data generator that exhibits no more
than 1.0 ns of edge jitter in either direction on haif-bit cells of exactly 1/2 BT and whose output meats the
apecifications 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 coazial cable and MAL recotvar introdece no
mare thian 6 ng of edge jitter into the system,

The lncal transmit and receive functions shall operate simmltancously while coniected ta the medium
operating in the half doplex operating mode.

8.2.1.3 Collision Presence Function Meguirements, The signal presented to the CJ cireuit in the
absence of a collision shall be the TDL signal oxeept when the MAT is required to signal the CS1 signal.

The signal presented to the CI circuit during the presence of a collision shall be the €20 sipnals 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 collision pres-
ence is trangmitting. Under no conditions shall the collision presence function generate an output when
only one MAU is transmitting, A MAU, while not transmitting, may detect the presence of two other MAUs
transmitting and shall detect the presence of more than {wa other MAUs {transmitting. Table 8-1 suimma-
rizes the allowable conditions under which collisions shall be detecied,

The collizion 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 Fresence SBignal
. MAL Numbers of Transmitters
2 =3 2
Transmitting W Y Y
Not transmitting N May Y ;
Y = will genernte SQE mcseage ;
N = will not generate SQE moezsage :
i May = may geserale SQE meguage

8.2.1.4 Monitor Function Reguirements (Optional). Upon receipt of the isolate message the MATI
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 medivm and
any abnormal loading by the dissbled transmitter on the tronk 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 the receive or collision presence functions,
thus permitting the normal operational mede wherein all data appearing on the trunk conaxial medium are
carried ta the DTE on the DI signal circuit.

NOTE: Vertfieation for sucensaful execution of Lhe fsolate message requires use of the trank conxial medinm iself. This level of paar-
antecd performance requires use of system layers nbove the physieal layer and implics some interruption of normal tronk congial
medien messaye traffic,

8.2.1.5 Jabber Funclion Requirements. The MAU shall contain a self-interrupt capability 1o
inhibit, brangmit daia from reaching the medium. Hardware within the MAT (with no external message
other than the detection of ouipul data, bits, or leakage, by way of the tranzmit function} shall provide a
nominal window of at Jeast 20 ms to at most 150 ms during which time a normal data link frnme may be
transmitted. If the frame length exceeds this duration, the jabber function shall inhibit further output data
{from reaching the medium.

When the transmit function has been positively disabled, the MAU shall then activate the collision pres-
ence function as close to the trunk coaxial medium as possible without intreducing an extraneous signal on
the trunk coaxial medium. 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 eleared. 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 implemnented. 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 Interface Messapes

3.2.2.1 DTE Physical Laver to MAU Phvsical Layver Messawes, The ibllowing messazes can be
. =3 I LE

sent by the DTE physical layer entities to the MAU physieal layer entities:

Message Circuit Signal Meaning

outpnt DO CBh1, CDO Output information

autput_idle Do DL, No data to be output

normal CO DL Assume the nonindrusive state on the lrunk coaxial
medium

{Optional Circuit)

isclate co CEO(BRY Positively disable the tronk coaxial mediam
transmitier

8.2.2.2 MaAU Physical Layer to DTE Physical Layer. The following messapes can be seni by the
MAU physical layer entities to the DTE physical layer entities;

Message Circuit Signal Meaning

tnput DI CD1, CD0 Input information
input_fdle DI IDL Na information te be inpat
man,_ovailable 1 IDL MAU is available {or output
stgnal_quality_error ¢l CE0 Error detected by MAU

8.2.2.2.1 input Message. The MAU physical layer sends an inpuf message (o the DTE physieal
layer when the MAU has a Int of data to send to the DTE. The physical realization of the inpul message is
a CI0 or CD1 sent by the MAU to the DTE on the data in cireuit. The MAU sends CD0 if the inpat b is
zere or CD1 if the input bit is a one. No retiming of the CD1 or CDO signals takes place within the MATU.

8.2.2.2.2 inpui_idle Message. The MAU physical layer sends an {npri_idle message 1o the DTE
physical layer when the MAU does not have dafa to send to the DTE, The physieal realization of the
input_idle message is the IDL signal sent by the MAU to the DTE on the data in cirenit.

8.2.2.2.8 mau_cvailoble Message. The MAU physical layer sends the moer_vvailable message to
the DTE physical layer when the MAL is available for ouiput. The maer_availeble messege is always sent
by a MAU that is always prepared to output data unless the signal_gualily _error message shall be sent
inatead. Such a MAU does not require maw_request to prepave itself for data sulput, The physical realiza-
tion of the maw_aveilable message is an 1DL signal sent by the MAU {0 the DTE on the control in circuit,

8.2.2.2.4 signal_guality_error Message. The signel guality_error message shall be hnplemented
in the following fashion:

(1) "The signel_qealiy_error message shall not be sent by the MAT if no MAL or anly one MAU iz
transmitiing on the trunk coaxial medium in the nermal mode,

{2) ' two or more remote MAU3 are transmitting on the trank cosxinl medium, but the MAU eonnected
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 {or it Lo agcertain that more than one MAU is transmitting
on the trunk coaxial medium. The MAU shall make the best determination possible, It is acceptable
for the MAU to fail to send the signal_guality_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 the (ruol ceaxisl medivm, off occurrences of one oy mare
sdditional MAUg iransmitiing chedl cause the sigual quality_error message bo be seni by Uhie loead
MAL o its DT

(1) When the MAU has comploted cach ouiput frame i1 aball perform an SQIE test sequence, as dofined
in Ifigs 8-2 and 8-3,

{51 When the MAU has inhibited the transmit funation it shall send the signg!_guality_error moess g
in accordance with the jabber funetion soquirements of 8.2.1.5,

The stgnal_greelity_error message shall be asserted less than 8 bib cells after the scevrrence of the mulil-
ple-transmission condition i present at the MM and shall no longer be asserted within 20 bit colls after
the indieation of multiple fransmissions ceases to be present at the MDIL 1t s to be noted that an extended
delay in the removal of the signal_quelily grror message may affect adversely the necess method
performance,

The physical realization of the signal_guality_error message is the G50 signal sent by the MAU ta the
I¥ITE on the comtrol in clreuit.

Note that the MAU is required fo assert the sigrel_guolity crror message al the approprinte thmes
whenever the MAU is powered and not just when the DTE is providing ouiput data.

828 MAU State Diaprams. The state diagraans Figes 8-2, 8-3, and 8-4 depict the full set of allowed
MAU state funefions relative ta the ("mntrcﬁ circuits of the DTE-MAL interfaes for MA U without condition-
ing requirements, Moessages used in these state diagrams are explabned below:

(1) positive_disable. Activates the posilive means provided in the MAU transmitier to prevent interfer-
enee with the trunk eoaxial mediam.

{2 enable_driver. Activaies the path eroployed during normal operation {o canse flwe MAU transmitter
to tmpress data onto the trunk coaxial moedinm,

(3} disuble Jdriver. Deaclivates the path employed during normal operation to ecavse the MAU transmit-
ter to impress data ento the fronk coaxial medium,

{4y no_ecllision. Signifies that the condition of multiple transmitters simultanecusty setive on the
trunk coaxial medium does not exist.

(81 eollieion. Signiftes that the condition of muoltiple transmitters simultaneously aciive on the trunk
cooxial medinm does exist,

(6} noi_posttive_disabfe. Deactivates the positive means provided in the MAU iransmilicer o provent
interference with the trank eoaxial moedivm.

8.3 MAU NMedivm Eleciriesl Chavpeteristies

8.3.1 MAU-to-Coaxizl Cable Interfoce. The following gections deseribe the interface between the
MAT and the coaxial cable, Negative current is defined as exrrent into the MAU (oul of the conter condue-
tor of the cable),

8.3.L1 Inpot Impedance. The shunt capacitance presented Lo the conxial cable by the MATU aircaitey
(not including the means of attachment to the eoaxial cable) is recommended to be no greater than 2 pki,
The resistance to the coaxial cable shall be greater than 100 k{2,

The total capaciiive load due to MAU circuitry and the mechanical connector as specified
in 8.5.3.2 shall be no greater than 4 p¥,

These cunditions shall be mel in the power-sil and power-on, not transmitling states (over the frequen-
cles BR/2 to BR).

The magnitude of the reflection from a MAL shall not be more than that preduced by o 4 pF capacitanee
whon meagored by both a 25 ns rise time and 25 ns fall thne waveform, This shall be raet in both the power
on and power off, not transmilling states.

8.3.1.2 Bias Curient, The MAU shall draw (from the cable} botween + 2 A and — 25 P in the power-
off and the power-on, not transmitling states.
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NOT ISOLATED OUTPUT
b birat it teaas s ey output .........................................

& dizable_driver = & anable_driver

% mou..ovailoble & mou_.ovalioble
(if no_collision) (i no..collivion}

& S0E (if collizion) & SQE (if collizion)

output ldle

QUFPUY IDLE

® digable_.driver
2 SQE (if collision)
@ mau..cvaiable

(if no_collislon)

test.timer._done Tw
SQE TEST ueT START TEST TIMER
%dlsab!a..erGr N o5 : @ disable_driver
© SOE ®  SQE (if collision)
[atart. tost_thnar)

NOTE: UCT = uncond® -~ fransilion
Tw = walt time, see 8.2.1.1

Fig 8.2
Interface Function: Simple MAU Without Isolate Capability

8.3.1.8 Coaxinl Cable Bignaling 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 cur-
rent flow in each direction) the signal has an offset component (direct current including the eftects of tim-
ing distortion) of from --37 mA minimum to -45 mA maximum and an ac component from +28 mA up to the
offset value,

The current drive limit shall be met even in the presence of one other MAU transmitier. A MAU shall be
capable of maintaining at least 2,2 V of average de level on the coaxial cable in the presence of twe or more
other MAUs transmitting concurrently. The MAU shall, in addition, sink no more than 250 pA when the
voltage on the center conductor of the cable drops to ~10 V when the MAU is transmitting.

The MAU shall sink no more than —25 A when the voliage on the center conductor of the cable drops io
-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. Pigures 8-5 and 8-6 shows typical waveforms present on the cable. Har-
monic content generated from the BR fundamental periodic input shall meet the following roquirements:

2nd and 3rd Harmonics: at least 20 dB helow fundamenial
4th and 5th Farmonics: at least 30 dB below fundamential
6th and 7ih Harmonics: at least 40 dB below fundamental
All Higher Harmonics: at Jeast 50 dB} below fundemental

NOTE: Even harmonics are typicaily mueh lower,
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........... SOATED : >l AU DENTIFY
& positive_discble mau...fequos & pogitive..disable
@ disobla. driver @ disable..driver
& maLE'_Euvczisab!ﬁ' som) - o requast @ mau..nol.ovailable
¥ no..collision
& SO {if collision) SRR BT
) P
normal, i piate & howitve.-disdbie
NOT ISOLATED ] % encbla..driver
................................... Qu{put & mau_.,ovnﬂab!e

@ not_poasitive_.dizabla G no.colliglon)

@ disable._driver ® SQE (if collision)
& mau..avoilable

(if no_collislon) | - \!/ Qutput,_ldla

@ SOE (i collislon) OUTPUT IDLE
& positive__disable "

\é/ output @& dizoble..driver
e OITPUT @ SQE (if collision)
@ pot_positive_disable @ mou_.availabla
@ enable_driver {(if no_eollizion)
& muou._avalloble \!/ Tw

(it no_colllsion) START TEST TIMER 2
& SQE (if collision) & positivedisabia

@ digabla_driver

! output,_idle
\/ ® SOE (if collisfon)

. OUTPUT IDL{: 2 mou..avoifable
8 not..pasitive..disabla {if no_collision)
@ disable_driver {storl_test_timern
& SOL (if collision) \l/ UCT
& mou..ovailabla SQOE TEST &
(it ro..colisfon) teattimer—done 1 oitiva. disable
\1/ Tw & dizable__driver
2
.. START, TEST TMER 1. | SUE
@ not_.positive_dlaable
& disagbla._driver - SQE TEST 1
® SQE (if collision) tost_timer_done @notposatwedlsame
& rnou:_.ovcﬂiobin’ ) uer g dizoble._driver
{if no..collision) ® SOE
{start_test. timen
: NOTE: UCT = uncondiicnal trangition
Tw =walt fime, soe 8.2.1.1
Fig 8.3

Interfzce Function: Simple MAU with Izolate Capability

The above specifications concerning harmonics cannot be gatisfied by a square-wave with a single-pole
filter, nor can they be satisfied by an output waveform generafor employing linear ramps without addi-
tional waveshaping. The signals as generated from the encoder within PLS shall appear on the comxial
cable without any inversions {see Fig 8-6),

8.3.1.4 Transmit Guiput Levels Symmetry. Signals received from the AUI DO cirvenit shall be
transmitted 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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 isolote + (AU HAS |7 EaE
MOMITOR FUNCTION) | @ positive _disoble
outpui Lidle = [ (MAU WITHOUT MONITOR FUNGTION) =
(AL WITH UNJIAR TIMER)

"8 positivedisable
2 SOF | .
[start unjab,. timer

{if self—powerad MAU)

uct
URJAB WAIT
& posliive..disable output
& 50F —— o
unjab _timer_done
Fig B4

Jabber Panection

The output signal of o MAU meeting this specifiention shall exhibit edge jitler of no msore than 2.5 ns into
a 28 Q0 + 1% resistor substituted for the conneciion to the enaxial cable when e DO civenit into the MAT
is driven through 2 zere length AUT cable with pseudorandom Manchester eneoded binary data from a data
generator that exhibits no more than .5 ns of edge jiller on half bit cells of exactly 12 BT whose outpul
meets the specifications of 7.4.1.1 through 7.4.1.5. The ahove specified component is nol fo introduce more
than 2 ns of edge jitter into the system.

The MAU shall not transmit a negative going edge after cessation of the CD output data stream on DO
or belore the first edge of the next frame on the DO circuii.

8.2.1.5 Receive Collision Detect Threshold. Tt is recomimended that the MAU implement the eolli-
sion deteet funetion with a ~1.492 V to ~1.629 V tweshold range corresponding to the recommmended toler-
ances for enax drive currents specified in 8.3.1.3, The threshold vollage 1s measured on the coax at the
MAU connector,
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KROTES: 1) Vollages given are nominal, for & single transmitier
{2} Rise andy fal tima is 25 ns nominal al 10 Mb/s rato
{3} Voltages are measurad on terminated coadinl calile adjacent to ransmiting MAL
{4) Manchester coding

Fig 86
Typical Coaxinl Trunlk Cable Signal Waveform

Collision deteetion threshold voltages tighter than (hose recommended above may be used te improve
collision detection performance in the presence of noise on the coax, puor system component tolerances, and
coaxial iransmit levels outside of the recommended range.

A MAU that implements the recommended reccive threshold shall be considered to have implemenied
reccive made collision detect. Receive made collision detect indicates that a nonfransysitiing MAU has the
capability to detecl collisions whoen two or more MAUs are transmitiing simultaneously. Repeater units
require both MAUSs diveetly connected to it to implement receive mode eoliision detection,”

2.2.2 MAIT Bleotrical Characteristics

8.3.2.1 Electrical Isolation, The MAU must provide isvlation befween the AUT cable and the coaxial
trunk eable, The isolation impedance measured between each conducior (including shield) of the AT cable
and cither the center conductor or shield of the coaxial cable shall be greater than 250 0 at 60 Hz and not
greater than 15 € between 3 MHz and 30 Mz, The breakduwn of the isclation means provided shall be at
teast 250 V ac, rins, Hee veferences [AT], {A8], and [AY).

23 R H H H
Repentered networks may require aft MAL components to use the recommended conxial drive conneel levels, This makfer 18 under
vensidoration.

-
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8.8.2.2 Power Consumptiion. The current deawn by the MAU shall noi exceed 0.5 A a8 powered by
the AUT source, The MAU shall be capable of operating from all possible voliage sources as supplied by the
DTE throngh the resistance of all permissible AUT cables. The MATU shall not disrapt the trunk eoaxin
medium should the DTE power source fall below the minimum operatlional level under abnormal MAU
load conditions.
The MAU shall be 1abeled externally to identify the maximum value of enrrent regquived by the device al
any specified input voltage.

8.5.2.8 Relinhility. 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 electronics should not prevent communication among
other MAUs en the coaxial cable. Connectors and other passive components comprising the means of con-
necting the MAU to the conxial cable shall be designed to minimize the probahility of total network failure,
It should be noted that a fault condition that causes a MAU to draw in excess of 2 mA may cause commu-
nication failure among other stations,

8.2.3 MAU-DTE Blectrical Characteristics. The electrical characteristics for the driver and receiver
comiponents 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 Mechanical Connection. The MAU shall be provided with a 15-pin male connector
as specified in detail in the AU specification, Section. 7.

8.4 Characteristies of the Coaxial Cable, The trunk cable is of constant impedance, coaxial construc-
tion. Tt is 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 malke the connection from the cable to the termina-
tors, and hetween cable sections (if needed). The cable has various electrical and mechanical requirements
that shall be met to ensure proper operation.

8.4.1 Coaxial Cable Elecirical Parameters

8,411 Charsctevistic Impedance, The average characteristic cable impedance shall be 50 + 2 Q,
measured according to IEC Publications 96-1 [2] and 96-1A [3]. Periodic variations in impedance along a
single piece of cable may be up lo+ 3 ) sinuscidal centered around the average value, with a period of less
than 2 m.

NOTE: I the requirements of 8,4.2,1.1 (2), 8.4.2.1.2, §.4.2.1.3, 8.4.2.1,4 {2) are met, then it is expected that the chavacteristie imped-
anee periedicity requirement shall be considered met.

8.4.1.2 Attenuation. The attenuation of a 500 m (1640 {t) cable segment shall not exceed 8.5 dB
{17 dB/km)} measured with a 10 MHz sine wave, nor 6.0 dB (12 dB/km) measured with a 5 MHz sine wave,

8.4,1.8 Veloeity of Propagation. The minimum required velocity of propagation is 0.77 c.

3.4.1.4 Edge Jitter, Untapped Cable, Untapped coaxial cable meeting this specification shall exhibit
edge jitter of no more the 8.0 ns in either direction at the receiving eud when 500 m of the cable is termi-
nated at both ends with ferminafors 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 bif cells of exactly 1/2 BT and whose ounipul 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 environment. The above spee-
iffed component i 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 fo external neoise and also to minimize the generation of interference by the
medium and related signals. While the eable construction is not mandatled, it is necessary to indieate o
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 reference [A1%2].
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The trausfer immpedance of the cable shall not exceed the valnes shown in Fig 87 as a function of fre-
quency.
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Fig 8.7
Maxzimum Coaxial Cable Transfer Impedance

B.4.1.6 Cable BDC Loop Hegistance. The sum of the center conductor vesistance plus the shield resis-
tance, measured at 20 °C, shall not exceed 10 m<Y/m.

8.4.2 Coazial Cable Properties

8.4.2.1 Mechanical Reguirements, The cable used should be suitable for routing in various environ-
ments, including but net limited to, dropped ceilings, raised floors, vable troughs, and throughout open
{loor space, The jacket shall provide inaulation 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 cable
shall conform to the following requirements.

8.4.2.1.1 General Construction

{1y The coaxial cable shall consist of a center conduetor, dielectric, shield system, and overall insulating
jacket.

(2) The eoncentricity (for example, positional relationship between center conductor to shield system
and outer juckel) of the coaxial cable elements shall be greater than 32% as measured in accordance
with the following gencral configuration:

(jacket radius) —~ {center offset)

100 =2 92%
jacket radius * ?

It is assumed that the offset 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 pierceable either by means

of the connector type specified in 8.5.3.2 or by an external core tool, Overall cable system pierceabil-

ity {the ability of a.tap probe lo pierce the jachkel, shields, and dielectric cable system without
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substantiai dielectric deformation aud without canaing o short grosit between conier conductar and
shield system) iz a vital purameler affecting tap connection relidnlity

PMerceability of the cable gysiem can be meusored 1o terms of the probe’s load versus displacerniont.
signature. A plorceable cable exisiz where the displucement ts 2

2 182 o ULOG i belween miplore
{piercing ! of the shield systemn and contact with the center eonductor.
() The cenxial cable shall be sufficiently #exible to support a bend radiug of 254 mm (10 in).

8.4.2,1.2 Cenier Conduetor. The center econduetor shall be 2,17 mm 2 0,013 mns (00855 &
.0005 in) dinmeter solid copper.

£.4.2.1.3 Dielectric Material. The dielectric may be of any type provided the conditions of 8.4.1.2,
8.4.1.3, and 8.4.2.1.103) are mef.

£.4.2.1.4 Shielding System

(1) The ghielding system may contain both braid and foil elements sufficient to meet the transfor
impedance of 8.4.1.5 and the EMC specifications of 8.7.2

(2 The inside diameter of the innermaost shield shall be 6,15 mm (0.242 ) minimam.

(3) The outside diameter of the outermost shield shall be .28 mm £ 0,178 mm (0.326 £ 0.007 inl.

(4} The putermost shield shall be greater than 90% coverage. The use of tinned copper braid is advised
{0 meet, the contoct vesistance requirements.

8.4.2.1.5 Overall Jacket

(1} Any one of several jackel materials shodl be used provided the specifications of 8.4.1 and 8.4.2 are
met.
{2) EGither of two jacket dimensions may be used for the two broad classes of materials, provided the
specification of 5.4.2.1.1 are met:
{a} Polyvinyl Chloride (for example, PVC}) or equivalent hoving an O of 10.287 mm + 0,178 mm
{0,408 nominal & 0,007 in)
(b} Tluoropolymer (for example, FEP, E-CTFE) or cquivalent having an OD of 8525 mm &
0.254 mm (0.375 nominal £ 0.010 in).

The cable shall meet applicable lammability and smoke criteria and local and national codes for (he
installed environment, See 8.7.4. Difierent types of cable sections (for example, polyviny! ehloride and fluo-
ropolymer dielestric) may be interconnceled, while meeting the sectioning requirements of 8.6, See
references |A8) and [Al4l

B.4.2.2 Jacket Marking. The eable juacket shall be marked with annular rings in 2 color contrasting
with the background colur of the jacket. The rings shall be spaced at 2.5 m & 5 cm yegolaydy along the entire
lengih of the cable. It iz permissible for the 2.5 m spacing to be interrupted at discontinuities between cabie
seclions joined by conneectors. (See 8.6.2.2 for MAU placement rules that mandate cable markings.) It is
recomisiended that the base eolor of the eable jacket itgell be a bright color {for example, vellow) other than
that nermally used for power mains.

8.4.2 Toial Segment DO Loop Resistanee. The sum of the center conductor, conmeetors, and shield
resistance shall not exceed 5 2 total per segment.

Bach in-lue connector pair or MAU shall be no more than 10 Q. Use of these components reduces the
overall allowable segment length accordingly. Values given above are at 20 °C. For temperature variations,
cable length shall be adjusted accordingly such that the 5 € fotal is not exceedead.

if' a trunk coaxial cable segment consists of severa] eable sections, then all vonnectors and internal resis-
tance of ihe shield and center conductor shall be included in the loop resistance measurement.

8.5 Coaxial Trunk Csble Connectors. The trunk veavial medium requires termination and may he
exiended or partifioned into seclions. Devices to be atiached to the medium as MAUs require a means of
connection to the medium. Two basic connector types provide the necessary conneckion mesns:
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All Type N conneciors shall be of the 50 £ constant impedance type. Sinee the frequenocs present m the
transmified duata are well below UHT range ibeing band-limited to approximately 20 MHz), high-quality
verzlong of the eonnectors ave nel roguired (hul nre recommendad ),

Al of the coaxial iap connectors shall follow {he requirements as defined n 8.5.79,

8.5.1 Indine Coaxial Bxtension Counector. All coaxial cables shall be terminated with the Type I
plug connectors. A means shall be provided {a ensure that the connector shell (which conncets to the cable
sheath) does not make contact with any building metal or other unintended conductor. An insulating sieove
ar baot glipped over the connector at installation thine Is suitable.

Inline coaxial extensions hetween two sections of coaxial eable shall be made with a pair of Type N recep-
tacle connectors joined together to form one “barvel” An insulating sleeve or boot shall alse be provided
witly each barrel assembly,

8.5.2 Coaxial Cable Toyminator

8.5.2.1 Termination, Coaxial cable terminatore ave used o provide a {ermination impedance for the
rable equ:zi in value to its characteristic impedanee, thereby minhmizing reflection from the ends of the
eables. Terminalors ‘»:]1'111 bv packaged within an inline female receptacle connector. The termination
impedance shall be 50 0 & 1% measured from 0 — 20 MHz, wath the magmtude of the phase angle of the
impedance not to exceed 5% The terminator pewer rating shall be 1 W or greater,

8.5.2.2 Barthing. Either the coaxizl cable ferminator or inling extension cannector provides a conve-
wient location for mem ing the earth grounding requirement of 8.6.2.3. It is recommended that a ground hug
with eurrent rating of at least 1500 ampacity be provided on one of the two terminators or on onc extension
ronnector used w;ihm a cable sepment.
NOTES: 01 A ssngle mrousd teturn lug on an mline conneetor located i the conter of the sable tranamission systenr moy be nsed {o

satizly his regquirement,
125 Allernatively, terminatora might be supplicd in pairs, one with and oae withoul the ground ey conneclion point.

8.5.3 MAU-te-Coaxial Cable Connection. A means shall be provided to allow for attaching a MAU {o
the coaxial cable. The connection shall not disturb the transmission line charaeteristics of the cable signifi-
Cnntly; it shall present a predictably low shunt eapacitance, and therefore a nepligibly short stub length.
Thixs is facilitated by the MAU heing loeated as close to its calde conneciion as possible; the MAU and con-
iwclur are nermally considerad to be one assembly, Long (grealer than 30 mni) connections between the
coaxial cable and the input of the MAU jeopardize this o?q]t‘,ctiv €.

Overall system performance is dependent Insgely o the MAU-to-coaxial cable connection being of fow
shunt capacitance,

If the design of the connection is such that the eonxdal enble is to be severed to install the MAU, the coax-
1l cable segment shall siill meet the sectioning reguirements of 8.6.2.1. Coaxial 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 quality (ihat i, low contact resistance) 1o minimize the
iimpacl on system performance.

If the design of the connection is such that the piercing tap eonneelor is 1o be used without severing the
eable, tlu,n the tap connector and cable assembly shall conform o the mechanical and eleetrical reguire-
menis as defined througheut 8.5.5.1 and 8.5.2.2,

2.5.3.1 Electrieal Kequiremenis. Requirements for the coaxial tap connector are as follows:

(1) Capacitance: 2 pF nominal connecior loading measured at 10 Mz,

NUTE: Total capaciance of tap and sctive cireuiiry connected direcUy shall be no groater ihan 4 pl Specific implementa-
tions way nlocate capacitaner betweon fap and ciresitry as deemed appropriate,

(2) Contact resistance {applies to center conductor and shield contacls): :)G mLd maximun for hoth
ghicld and center conductor over useful connecior lifetime,
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{3) Contaect material: surface malerial on signal probe or shicld sufficient to ment contaet resisiance
requirements in environment and over time.

td) Voltage rating: 600 V de or ac roes maximup.

{51 Insulalion: delenlage resistance of tap housing shall be higher than 1 GQ between braid and exter-
nal conductors in the normal eperating enviromuent.

(6} Probe current rating: 0.1 A per contact (probe and shield)

{7) Shield current rating: 1 Asurge for 1 5

8.5.2.2 Mechanical Reguirements
2.52.2.1 Connector Housing. Shielding characteristics: » 40 dB at 50 Mz,

8.5.3.2.2 Contact Reliability. Overall performance of the LAN system depends (o 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 parometers at the point of electrical connection
hetween tap probe and cable center conductor to ensure thal a relinble electrical contact is made and
retained throughout the useful life of these components. Tt is recormended that some means be provided
to ensure relatively constant contact loading over time, with creep, in temperature, and typieal enviren-
ment. Typical coaxial tap conneclor configurations are shown in Figs 8-8 and 8.9, See veferences [Al],
[A15}, and IA16].

CARLE TNGUGH

IAR ILOSL ) LOAYIAL CAMLE

FAN ELOCR
TAP BCREW

NOTE: Tutorial only and not part of specification

Fig 8-8
Caaxial Tap Connector Configuration Concepts

8.5.3.2.3 Shield Probe Characterisiics. The shield probe shall penetrate the cable jacket and
ounter layer(s) of the shield system to make effective eapture of the outer braid (pick 2 or more typical
strands),

8.6 System Considerations

8.6.1 Transmission System Model, Certain physical limits have been placed on the physical transmis-
sion system, These revolve around maximum cable lengths {or maximum propagation thmes), as these
affect critical time values for the CSMA/CD access method. These maxima, in terms of propagation times,
were derived from the phy%zcal configuration maodel deseribed here, The maximum configuration is as fol-
Tows:

(1) A trunk coaxial cable, terminated in its characteristic impedance at each end, constitutes a coaxial

segment. A coaxial segment may contain a maximum of 500 m of conxial cable and a maximum of
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Fig 8-9
Typical Coaxial Tap Connection Cirouit

100 MAUs. The propagation velocity of the coaxial cable is assumed to be 0.77 ¢ minimuom (¢ =
300 000 kar/s). The maximum end-te-end propagation delay for a coaxizal segment is 2165 ns,

{2) A point-to-point link constitutes a link segment, Alink segment may contain a maximum end-fo-end
propagation delay of 2570 ns.

(3) Repeater seis are required for zegment interconnection, Repeater sets occupy MAU positions on
eoaxial segments and count toward the maximum number of MAUs un a coaxial segment. Repeater
sels may be located in any MAU position on a coaxial segment butl shall ondy be located at the ends
of a link sepment.

{4) The mazimum length, between driver and receivers, of an AUI cable is 50 m. The propagation veloc-
ity of the AUI cable is assumed to be 0.65 ¢ minimum. The maximum allowable end-to-end delay for
the AT cable is 257 ns.

{5) The maximum transmission path permitted between any two stations is five segments, four
repeater sets (ineluding optional AUIs), two MAUs, and two AUIs. Of the five segments a mazimuom
of three may be coaxial segments; the remainder are link segments,

NOTE: If only twe link segmants are used in the entire noiwork and they are adjacent, the repeater zet joining them iz nel
vorired (see Fig B-14), Brd-to-ond Jittey, propagation delay, and attenuation requirements shall still be miet,

The maxbmum {ransmission path consists of 5 segments, 4 ropeater sets (with AUTs), 2 MAUSs, and
2 AUIs {gee Fig 8-10). The total nomber of segments equals the number of link segments plus the number
of coaxial segments. H there are two link segments on the franamission path, there may be a waximum of
three coaxial segments on that path. I there are no link segments on a iransmission path, there may be a
maximum of three coaxial segments on that path given eurrent vepeater technology,

Figures 8-11, 8-12, 8-13, and 8-14 show transmission systems of varicus sizes to illustrate the boundary
conditiong on topologies generated acecording to the specifications in this scetion,

B.6.2 Transmission System Reguiremenis

B.6.2.1 Cable Sectioning. The 500 m (1640 1) maximnm length coaxial cable sepment 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 harrel) represents a signal reflection point due to the impedance
discontinuity caused by the batch-to-batch impedance tolerance of the cable. Since the worst-case variation
from 50 £ is 2 £, a possible worst-case veflection of 4% may result from the joining of two cable aections.
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An BExample of 2 Large Point-to-Poind Link Systeny (5140 ns}

The configuration of long cable sepments (up Lo 500 m froim smaller sections must be made with eare. The
following recommendations apply, and are given in order of preference:

(1) If pussible, the total segment should be made {rom one homogeneous (no breaks) cable, This is feasi-
ble for short segments, and results in minimal reflections from eable fimpedance discontinuities,
If cahle segments are build up from smaller sectiong, i is recommended that all seclions eome from
the zame manufacturer and lot. This is equivaleni {o using a single cable, since the cable discontinu-
ities are due to cxtruder limitations, and not extruder-to-extruder tolerances. There are no restric.
tions in cable sectioning if this method is used. However, if 5 cable section in sueh a system is Iater
replnced, it shall be replaced either with ancther cable from the same manufacturer and lot, or with
e of the standavd lengths described below.
If uneontrolled cable sections must be used in building np a lunger segment, the lengths should be
chozen so that reflections, when they oceur, do not have a high probability of adding in phase. This
can be accomplished by using lengihs that are odd intepral mulliples of a half wavelength in fhe
cuble at 5 MHz; this correspunds to using lengths of 23.4 m1, 70.2 m, and 117 i (% 0.5 m) for all sec-
tions. These are conzidered to be the standard lengths for all cable scetions. Using these lengths
exclosively, any mix or mateh of cable scctions may he used to build up 2 500 mn gegment without
incurring excessive reflections,

(3

WOTE: If eoble segments are to be added to existing installutions, then cave shadl be taken {explicit physical or TDR moa.
suremests) 10 ensure that no mere than a 500 m L'\!Jlu segment resalls,
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{4} As a last vesort, an arbitrary configuration of cable sections may be employed, #11 has been con-
firmed by analysis or measurement that the worst-case sigaal reflection due to the impedance dig-
continuities at any point on the cable does not excecd 7% of the incident wave when driven by a
MAU meeting these specifications.

8.6.2.2 AU Placement. MAU components and their associnted connections 1o the cable cause signal
reflections due to their noninfinite bridging impedance. While this impedance zhall be implemmented as
specified in Section 7, placement of MAUs along the coaxinl cable must alse be controiled to enaure that
reflections from the MAU do not add in phase to a significant degree.

Coaxial cables marked as specified in 8.4.2.2 have marks at regular 2.5 m spacing; a MAU shall only be
placed at a mark on the cable, This guarantees both a mintrmum spacing hetween MAUs of 2.8 m, and con-
irotling the relative spacing of MAUs to ensure nanalignment on fractional wavelength boundaries.

The total number of MAUs on a cable segment shall not excesd 100,

8.6.2.8 Trunk Cable System Grounding, The shield conductor of cach coaxial cable segment shall
muake electrical contaet with an effective earth reference {(see Annex) at one point ond shall not mahe clectri-
cal conteet with carth elsetwhere on such objects ag building structural metal, ducting, plumbing fixture, or
other unintended conductor. Insulators may be used to cover any coaxial connectors used to join cable see-
tions and terminators, to ensure that this reguirement is met. A sleeve or boot attached at installation time
is acceptable.

This specification is intended for use within (intraplant) buildings. Applications requiring interplant con-
nections hy way of external {outdoors) means may require special consideration beyond the scope of the
standard.

The sheath conductor of the AUI eable shall be conmected to the earth reference or chassis of the DTE.

8.6.3 Labeling. Il is recommended thai each MAU (and supporting decumeniation) 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 maximum current drain
{3) Safety warning {for example, shock hazard)

8.7 Bnvironmental Specifications

8.7.1 General Safety Reguirements. All stations meeting this standard shall conform to ona of the fol-
lowing IBC Publications: 380 (5], 435 [6], or 950 (8],

NOTE; For ISO/ALEC 5802-3:1993, conformance shall be to TEC 950 (8],

8.7.2 Network 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 nddress all possible safety issues,
The designer is urged to conzult the relevant local, national, and international safety regulations to ensure
compliance with the appropriate standards. References [AS] and [49] provide additional guidance.

Local area network trunk cable systems as described in this standard arc subject to at least four direct
electrical safety hazards during their use. These hazards are

{1} Direct contact between local network components and power or lighting circuits,

(2} Static charge buildup on local network cables and components.

{3} High-energy iransienis coupled onto the loeal network cabling system.

(4) Potential differences between safety grounds to which various network components are connecied.

These elecirical safety hazords, to which all similar cabling systems are subject, should be allevialed
properly for a local network to perform properly. 1n addition to provisions for properly handling these faults
in an operational system, special measures must be taken to ensure that the intended safety features are
not negated during installation of a new network or during maodification of an existing network.

Preper implementation of the following provisions will greatly decrease the likelihood of shock hazards
o persons installing and operating the local area network.
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8.7.2.1 Instailations. Sound instailntion practice, as defined by applicable local codes and regulations,
shall be followed in overy ingtance in which such practice is applicable,

8.7.2.2 Grounding, The shield of the trunk coaxial calde shall be effectively grounded 2t only one
point along the length of the cable. Effectively grounded means permanently conneeted to sarih through a
ground connection of sufficiently low impedance and having sufficlent ampaeity (o prevent the buildiag up
of voltages that may resull in undue hazard to eonnected equipmend or to persons.

B.7.2.3 Satety. All portions of the frunk cabling sysiem that ave at the same poteniial as the trunk
cable shall be insulated by adequate means to prevent their contact by either persons or by unintended
conductors or grounds. The insulation employed shall provide the same or greater dieleetric 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 cquivalent to the trunk cable outer insulation characteristics
and are not removed easily (that is, they shall prevent inadvertent remaval by a system operator),

The MAU shall be 50 designed that the provisions of 8.7.2.3 and 8.7.2.4 are not defoated if the connector
affixing the AUI cable to the MAU is removed.

Portions of the trunk eabling system that may become Hve during the dissipation of a hiph-energy tran-
sient by the cabling system shall also be insulated as deseribed in 8.7.2.3.

B.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 separale safety ground con-
neetion or through the overall shield of the branch cable. The breakdown voliage of this controlled break-
down path musi meet {lie isolation requirements for the MAU specified in 8,3.2.1,

8.7.2.5 Izolation Boundary. The isolation boundary between the branch eable and trunk cable 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 iz properly carthed and not left floating or serviced
by “doubly insulated ac power distribution system.” The use of floating or insulated DTEs is bayond the
scope of this standard.

8.7.2.6 Instalintion and Maintenanee Guidelines

{1) When exposing the shield of the trunk coaxial cable for any reason, cave shall be exereised 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
sysiem 1g likely during the time the ghield is fo be exposed. Personnel should not contact hoth the
shield and any grounded conductor at any time,

(2) DBefore breaking the trunk conxial 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 4 manner as to join the two
picces and to maintain continuily when the shield of the trunk cable is severed. This strap shall not
be remaved until after normal shield continuity has bheen restored.

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

(4) The installation instructions for netwoerk compenents shall contain langnapge which familiarizes the
installer with the cautions mentioned in the above paragraphs.

{5) Notwork components shall contain prominent warning Iabels that refer installers and service per-
sonnel to the safety notes in the installation instructions.

8.7.3 Electromaguetic Envivonment

8.7.3.1 Susceptibility Levels. Sources of interference from the enviromment include electromagnetic
fields, electrostatic discharge, transient voltages between earth connections, and similar interference. Mul-
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tipde sources ol interferonce may contribute to valtage buildup beiweon the conxdal cable and the eovtls con-
P ‘ : g ]
nection of o DTE,

The physical channel hardware shall meel Hs specitications when operating in either of the fullowing

conchiiions:

{11 Ambient plane wave field of 2 V/m from 10 kHz through 30 M1z, 5 V/m from 30 Mz through
1 GHz.
NOTE: Lovels typically | lun from broadeast stations.

{21 Interference vollage of 1 Vins peak slope, between coaxial eable shield and DTE earth conneciion;
for cxample, 15,8 V peak for a 10 MHz sine wave wilh a 50 £ source resistance.

MAUs meeting this standard should provide adequate of ground return ta satisfy the referenced EMC
specifications,

8.7.3.2 Emission Levels. The physical MAU and trunk cable sysiem shall comply with applicable
Jocal and nationnl codes such as FCC Docket 20730-1980 [A1l] in the USA. Equipment shall comply with
loeal and national reguirements for limitation of electromagnetic interference. Where no local or national
requirements exist, equipment gholl comply with CISPR Publication 22 [3].

8.7.4 Temperature and Mumidity, The MAU and associated connector/eable systems are expeeted Lo
operate over a reasonable range of envirenmental conditions related to temperaturs, humidily, and physi-
eal handling such as sheock and vibration. Specific requirements and values for these parameters are con-
sidered to be beyond the scope of this standard, Manufacturers are requested to indicate in the terature
asgocinbed with the MAU (and on the MALT if possible) the operating environment specifications to facili-
tate selection, installation, and maintenance of these components. Bee reference [A10} Tor specilicalion Ler
minology.

8715 Hegulolory Reguirements, The design of MAU and medium components shoold take into con-
sideration applicable local or national reguirements. See references [AB], [AG], [AT], [A8], [A9], and |ATI]
and Appendix A for helpful resource material.l?

WA ppendiz A provides useful gystem guidelines on delayvs and bit budgels,
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5. Hepeater Unit Tor 10 Mib/s Basshand Networks

4.1 Overview. This section specifies o repeater for use wiil: fype HBABES, 1UBASEZ, and 10RASET not-
warks and fiber optic interoipenior lnks (IFOIRLsL A repeater for any ofhoer 150 8802-3 network type i
be}x(}nd the scope of this section.

A vepeater gel connects segments of nebwork medivm togeiher, thus allowing Incger topologies and o
argft“‘ MAL base than are allowed by vules guverning individual sepments (that is, for 10BASES, 500 m
and 100 sintions; for 10BABEZ, 185 m and 30 sintions; for LOBASEYE, nominal 100 m link segment),

Repeater gets are used to extend the network length and topology bevond whal eould be achieved by a
single conxial segment, as defined in 8.6 or 10,7, Segmaents may be connected directly by a repeater set (g
9.1) or by pairs of repeator unils which are, in turn, connected by inter-repealer links (JRLz). Allowable
topologies shall contain only one operative signal path hetween any two points on the nelworle A maxi-
mum of four repeater sets may be in the signal path between sny two stationz on the network (this
assumes two Hnk segments).

[ e s s o s v e e s

g HAL | COARSEGMINT
! i
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i L { Y : MAL » COAR SEGMENT
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B e o s o TR s s s e e

MOTE: The AUL s not necsssaily exposed when the MAU is, optionally, part of the physicsl repeater,

Fig 8.1
Hepeater Hel, Coan-to-Loax Configuration

If the repeator set uses MALUs connected via AlTls 1o a repeatsr unit, the external MAUs shall be basgie
MAUs with the exception of the signal_guality_error {esl function. A manufacturer may, optionaily, inte-
grate one or all MAUs into o single 1)*1@1\9. e wilth the repeater unit Goternal MAUS)Y, In ol cases, the MAU
portion of the vepeator set wmust be counted toward the maximum number of MAs on cach segment, as
specified in 8.6 and 10.7. A repeater sel is not a station and does not count foward the everall limit of 1024
stations on a neiwork,

A rapeater set ean receive and deeode data from any sepment under worsi-case noise, fiming, and signal
amplitude cenditions. It retransmits the data to all other segments attached to il with Hming and ampli-
tude restored, The retranamission of data cccurs shimulianeously with vecepiion, T a collision oecurs, the
repeater set propagates the collision eveni throughout the network by transmitling a Jam signal.

4.2 Definitions

datn frame. Consisis of the Destination Address, Souree Address, Length Field, LLO Data, Pad, and
Frame Check Sequence,

137

CISCO 1022
Cisco v. ChriMar




ISOMEC 8802-3 1 1893
ANSIIEER Std BO2.3, 1993 Tdition LOCAL AND METROPOLITAN AREA NETWORKE:

Fiber Optic Medimm Attachment Unit (FOMAU). The portion of the physical layer between fhe
FOMDI and AUI {or repeater unit physical layer signaling [PLS] when the AU is not implementoed) which
cantains the eleetronics that transmit, receive, and manage the enceded signals impressed on, and recov-
ered from, the optical fiber cable link segment,

Fiber Opiic Medium-Dependent Interface (FOMDI). The mechanical and optieal interface between
the optical fiber cable link segment and the FOMALL

Fiber Optic Physical Medium Aftachment (FOPMA). The portion of the FOMAU that vontains the
functional circnitry.

FOIRL BER. Mean bit error rate of the FOIRL.

FOIRIL Collision. Simultancous transmission and reeeption of data 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 desipned and moanufactured components to
the baseband optical fiber cable link segment.

FOMADs Teansmit Optical Fiber The optical {iber into which the local FOMAU tranasmits sipnals.
FOMAU’s Receive Optical Fiber. The optical fiber irom which the local FOMAU receives signals.

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

link gegment. The point-to-point full duplex mediuvm connection between two and only two Medium-
Dependent Interfaces (MDIs}.

opiieal fiber. A filament-shaped optical waveguide made of dielectric materials.
Optical Fiber Cable Interface, See FOMDI

Optical Fiber Cabie Link Segmont. A lenpth of optical fiber cable that contains two optical fibers, as
specified in 2.9.5.1, and is compriged of one or more optical fiber cable sections and their means of intercon-
nection, with each oplical fiber terminated ai each end in the optical connector plug specified in 9.9.5.2,

Optical Idle Signal. The signal transmitted by the FOMAU into its transmit optical fiber during the idle
state of the DO circnit.

Packet. Consists of a data frame as defined previously, preceded by the Preamble and the Starl Frame
Delimiter,

port. A segment or IRL interface of a repeater unit.

e

repeater unit. The portion of a repeater set that is inboard of its PMA/PLS inferfaces,

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

2.8 References. See 1.3.

9.4 Compatibility Interface. The rvepeater shall aitach to its network segments by any of the means
specified below.
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9.4.1 AYI Compatibility. The repeater unit shall be compatible at ity AU connector (if ¢o equinped! as
specified in Section 7 with the excention of the signal_guality_error message Test, 7.2,1.0.3, which vhal) nut
be implemented.

The MAUs associated with the repeater shall be as specificd in Section S for type WOBABES or Section 10
for type 10BASE2 with the following restrictions:

{1} ‘The MAU shall implement reseive mode collision detect as defined 1n 8.3.L.5 or 10.4.1.5.

(2} The MAU shall nol 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 when oporated under the worst-case Jabber Lockop
Protection vondifion 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 signael_geality_error message Test funcltion as defined in
14.2.1.5.

9.4.2 Direct Cozxisl Cable Compatibility. The repeater set, which includes MAUsz integrated with
the repeater packape (internal MAUs), may have any of the interfaces specified in the following subsoe-
tions,

9.4.2,1 Dircet Cable Afiachment Compatibili{y. The repeater shall be compatible ai ils coaxial tap
connector (if so equipped) as speeified 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 restriciions of MAUS as speeified in 9.4.1.

8.4.2.2 “IN” Connector Compatibility. The repester shall be compalible at ils Type N connector (if so
equipped) as specified in 8.5. The MAUs associated with the repeater that are connected in this manner
shall be subject to the restrictions of MAUs as specified in 9.4.1,

9.4.2.8 BMC Compatibility. The repeater shall be compatibla at its BNC connector (il 30 equipped) as
specified in 10.6. The MAUs assaciated with the repeater that are connected in this manner shall be sub-
ject to the restrictions of MAUs as specified in 2.4.1.

9.4.3 Link Sepment Compatibility. The compatibility interfaces for link segments incduding [RL 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 TRL. The hudget allowances for the topology suppoerted by the IRL shall
ensure that the total network round-trip delay requirement is met and the maximurmn collision frame size of
511 bits is not exceeded. (See 8.6.1 and 10.7.1.)

9.4.3.2 Vendor-Independent FOIRL, A vendor-independent FOIRL provides a standard means of
connecting two repeater units. It comprises a fiber optic 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 coarial segments, especially segments lacated in different buildings.

The vendor-independent FOMAL should be compatible at its TOMDI, as specified in 9.9, If a FOMAU
containg an AU Interface, it shall be electrically and mechanically compatible at its AUI 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.

%.4.3.3 Twisted-Pair dJuck Compatibility. The repeater sef shall he compatible at its B-pin modular
Jack (if 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.

8.5 Basic Panctions

%.5.1 Repeater Set Network Properties. The repeater set shall be transparent to all network acquisi-
{ion activity and to all DTEs. The repeater set shall not alter the basic fairness criterion for all DTEs te
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access the network or weigh i loward any DK or group of T Es repavdiess of network fecation, A repeater
sob shall not attempt to be a packet store and ferward deviee.

Repeaters are nof addressable. An addressable station on the network that controls 2 vepeates is vutside
the scope of this standard.

9,05.2 Signal Amplifieation, The repeater set Uneluding its associated or integral MAUs) shall sisure
that the amplitude charaeteristics of the signals at the MDI outputs of the repeater sel are wilhin the fok
erance of the specifieation for the appropriate MAU type. Therelore, any loss of signal-o-neise ratio due to
cable loss and noise pickup is regained af the outpui of the repester sel as long as the Incoming datu is
within the system specification,

9.5.3 Signal Symmetry. The repeater set shall ensure that the symmetry charactertstics of the signals
at the MDT autputs of a vepeater sct are within the toleranee of the speeification for the appropriate MALU
type. Therefore, any loss of symmetry due fo MAUs and media distortion is regained at the output of the
repeater set.

8.5.4 Signal Retiming, The repeater unit shall ensure that the encoded data oniput from the repeater
urit is within the jitter tolerance of a transmitling DTE as specilied in 7.3, Therefore jitter cannol accemu-
late over mulliple segments.

9.5.5 Data Handling, The repeater unii, when presented a packet at any of its poris, shall pass the data
frame of gaid packet intact and without modification, subiraction, or addition to all sther ports connected
with the repeater unit, The enly exceptions to this rule are when enntention cyists among any of the ports
ar when the reeeive porvt is parlitioned as defined in 3.6.6. Between unpariitioned ports, the rales for colli-
sion handling (9.5.6) take precedence,

9.5.5.1 Start of Packet Propagation Delays, The stirl of packet propagation delay for a repeater
set is the time delay between Uhe first edpe transition of the packet on its repeated from (input) port to the
first edge transition of the packet on its repeated to (outputt port (or ports),

For a repeater unit with AUT connecters al input and output ports, this time shall be less than or equal
to & bit times.

For a repeater set with inteynal FOMAUs, 10BASEZ, or 10BASISS MAUs on both input and culput porte,
an additional .5 bit times delay for an input port MAY and 3.5 bit times delay for an output port MAU
shall be allowed. This added delay dees not include any de rige fime for the coaxial cable,

For a repeater set with internal JOBASE-T MAUs on input and outpat ports, an additienal & BT delay
for an input port MAU and 5 BT delay for an output port MAU shall be atlowed.

9.5.6 Collision Handling

9.5.6.1 Collision Presence. The repeater set shall implement the Collision Presence Function vsing
receive-mode collision defection as specified for the raedia with which it is connected.

09.5.6.2 Jam Generation. H a vollision is deteeted on any of the ports Lo which the repeaier set is
(ransmitting, the repeater set shall transisit a Jam to all of the ports to which it is connected. The Jam
shall be transmitted in aceovdance with the Repeater Unit State Diagraimn in Flg 9-2 and shall be us speei-
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 s and O starting with the frst bit transmitied as a 1.

9.5.6.9 Collisior-Jam Propagation Delays. The stact of collizion propagalion delay for a repeater

sot is the time delay between the fivst edge transition of the ¢ignal_quality_crror signal on any of ils poris
to the first edge transition of the Jom on its (output) port (ev parts),

For a repeater unit with AUT connectors al input and output posts, this time shall be less than or equal
to 6.5 bit times, )

For a repeater set with internal FORMAUs, 10BASEZ, or 10BASES MAUs on both input and output
ports, an additional allowance of 9 bit times delay for an input port MAU and 3.5 bit times delay for an ont-
put port MAU shall be made. This added delay does not include any de rise time for the coaxial cable,
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Far a repeater sel with interpal T0BASEST MAUs on input and anipul ports, an sddiionad § 00 delay
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for an inpui port MAU and 5 BT delay for an owtpuil port MATT shall be allewed.

The cossation of Jam propagstion delay for o vepeator unil & the thne delay betwoeen the input signals
itg poriz reaching o staie such that Jam should end at o pert snd the Inat bransition of Jam st thal poet.
The states of the input sigeals ot should cause Jam Lo end are covered in detail in the repeaier state din-
prams,

For a ropeater unil with AT connectors at input and vutput ports, this time shal be less than or equad
to 5 bit times when not extending firagments. When extending fragments, this delay may be longer as
required by the fragment extension algorithm. See 9.64,

qu

for a repeater set with intemal FOMAU:, 10 BASEZ, and HOBASES MAUSs on iis inpul ports, an addi-
tivnal allowanee of 0.5 bil time delay Tor DT and 20 bit times for signal_ {;uaim' erior deassertion shall be
made. For a repeater set with internal FOMAUs, 10BASE2, and 10BASES MAUs on its cutpul ports, an
additional allowance of 8.5 bit {ime delay shall be made, This addel delay does vt include any de fall time
for the coaxial cable.

IFor a repeater set with inlernal TOBASE-T MAUs on s inpud ports, as additionsl 2 BT deday for DI and
9 BY for signal_quality_error deassertion shall be allowed, For a vepester zet with inlernad MAUs on its
vuipul ports, an additionsl 2 BT delay shall be adlowed.

4.5.6.£ Transmit Hecovery Time, [T s ossential that the repeater unil not wmenitor & pori for nput
for a4 short time after the repeater stops tre 1!1‘\11\1“]]1{_}” to that port. This recovery time prevents the repeater
from receiving ils own bransniission ag a new receive aclivity, The minimuem vecovery thue allowable for a
repeater is implementation-dependent, but must be grenter than the sum of the delays in the bransmit and
recetve paths for the perl. In all eases the recovery Hime must De less than 10 bit times from the Jast transi-
tion on the transmitting AU Interface.

3.5.6.5 Coyviar Recovery Time. During a collision, the fnpuwr_idle signal is unreliable for short peri-
ode of time (hits) becauge of the possibility of signal canceliation on the collision segment. In order to pre-
veni premature detection of the Lroe end of the colliston, the repeater unit must weil for data to hecome
sensed from a port for a shart time after signal_grality_error has gone inaciive from that port, This recov-
ory time prevents the repoater from prematurely ending o Jam on an active network, The mininnnn carier
reeovery Uime allowable for a repeater is implementation-dependent, bot shall be greafer than the
CARRIER ON time after signal_quality_error is deasserted. Tn all cages, the carrvier recovery time shall be
legs than 4 bit Limes from the last {ransition on the AU Interface,

89.5.7 Blestrical Iselation. Nelwork sepmonds thal bave dilferent isolation and grounding requirements
shall have those requivemoents provided by the pori-io-port iselation of the repeater sel.

9.6 Detailed Hepeator Fenclions ond State Diagrams. A precise algorithiaie definition is given in this
section, providing @ complete procedural model fov the operation ol a l(']!DfiiL’I‘ i the form of state din-
grams. Note that whenever there fs any apparent ambiguily concerning the definilien of repeater opera-
tion, the stale diegrams should be consulied for the defintive statement.

The model presented in this section is infended as n primorvy specifieation of the functions (o be provided
hy any repeater uait. It is important to distinguish, however, between the model and a real implementa-
tion, The model is r)plmimed for stmplicily and clarity of presentation, while uany realistie implemoentation
should place heavier emphasis on such constrainis ag efficieney and suitability o 2 parficutar implementa-
tion technology.

If 1% the functional behavior of any repeater unit implemnentation that shall mateh the standard, not the
internal structure. The internat delails of the procedural model are useful only to the exient that they help
specify the external behavior clearly and precisely. For example, the model uses a separate Transmit Tuner
state machine for cach port. However, in an actual implementation, the hardware may be shared.

96,1 Btate Diagram Notation! The notation vsed in (he state diagrans (Figs -2 through 9-8) follows
the conventiong in 1.2.1.
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BDesceription of State Dingram Yarishles
Input/Ouiput Variables

Dataln (X)
Status of Databn input at port X,
Values: 11 = inpuf_idle; indicates no activity
~IT; indicates activity
Note that Dataln (X} may be undefined during collision
Irut that it is a don’t cave in all instances when thig is troe.

CollIn (20}
Status of Contrelln input at port X.
Values: SQE = signal_gualily_error ; indicates collision
~SQE ; indicates no collision

Out (X)

Type of output repeater is sourcing at port X,

Values: Idle ; Repeater is not transmitting
~ldle ; Repeater is transmitting Preamble Patiern
or Data or Jam or TwoOnes.
Preamble Pattern ; Repeater is sourcing alternating 1's and
0's on pert X.
Data ; Repeater is repeating data frame on port X,
Jam ; Repeater ig sourcing Jam on port X.
TwoOnes ; Repeater is sourcing two consecuiive Manchester
encoded ones on pord X,

DigableOut (X)
Override of Qut (X)
Values: ON ; Disable repeater transmission regavdless of value of Qut (X).
~0ON ; Repeater transmission depends on the value of Cut (X)),

Port Variableg
TT (5
Transmit Timer indicates number of bits {ransmitted on port X.
Values: Positive integers

Inter-Process Flags

AllDataSent
All recived data frame bits have been sent.

Bit Transmitted
Indicates a bit has been transmitied 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 time (see 9.5.6.4). It is started by StartTwi. TwilDene

is satisfied when the end of tranemit recovery time is completed.
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Twi
‘Wait Timer for the end of carrier recovery time (see 9.5.6.5). 1t iz staried by SioriTw®, Tw2Done is
satisfied when the timer has expired.

Tw3
Wait Timer for tength of continuous output (see 9.6.5). 1t is started by StartTw3d. TwdDone is satis-
fied when the timer has expired.

P
Wait Timer for time to disable output for Jabber Lockup Protection (see 9.6.5). It is started by
StartTw4, TwdDone ig satisfied when the timer has expired.

Port Functions

Part {Test)
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 3QE true. If multiple ports meet the
test condition, the Port function will be assigned one and only one of the acceptable values,

Port Besignation

Ports ave referred to by number. Port information is obtained by replacing the X in the desired function
with the number of the port of interest, Ports are referred to in general as follows:

ALL Indicates all repeater ports are to be considered. All ports shall 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,

ONLY1L Indicates all ports are to be considered. One, but not more than one, port shall meet the test
condition in order for the test Lo pass.

X Generic port designator. When X is used in a state diagram, its value i 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 a port that
caused the exit from the IDLE state.

: M 1s defined by the Port fanction on exiting the TRANSMIT COLLISION state of Fig 9-2. Tt idi-
5 cates the only port where Collin=8SQRE,

ALLYN Indieates all ports excepl N should be considered. Al porls considered shall meet the test con-
ditions in order for the test to pags.

ALLEM Indicates all ports except M should be considered. All ports considered shall meel the test con-
ditions in order for the test {o pass.

ANYXEN  Indicates any port other than N meeting the test conditions shall cause the fest to pass,

ANYXM  Indicates any port other than M meeting the test conditions shall cazuse the test to pass.
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Power On

AR

.«MI =
& L
pr— Dut{ALL) = Idie
Teren b ¥
Dataln (ANY) = 1% E Collin{AlY) = SOE R For{Collln & SQE)
REGIN Collin{ALL) = SOE
= parDiataln = 1Y)
ucy

SENDFREAISELEPATLERI, |

Out (ALLER} = Preamble Patiarn
Collin {ARYEN) = SQF E

Collin (1) = 50E 4 {Datain(i) = 11 7F
Coftini{AtL) = S0E)

TTLALERH) 2627 Datafidy T Collinfall) =
EREYDatain(H) =10

SERD TWO ONES

AA s BAE LR LA R R R

Out {ALLEH) = TwoOnes

E Coliln (M) = STE + {Datalalr) = 45 Collin {ALL) = BOEs
Colin (AHY XM} = 30F —
Twolnos Senl ¥ CollinlAlL)= SQEF
Datainii) = H
SERD DATA

Fr Ay eaE sy e

Out{ALLEN) = Data

Colin{AYEN

Collln {3 = SQF + (Datain{l) =
Celin(ALLY = SOETAlDataSemt

THANYXIY) < 05)
EIIZN

FRANSIIT COLUSION
Cut{AlLL) = Jam

2 y

V__YY ¥
Dateln (1) = 0 ¥ Colllm (ALY = 50E © RECEIVE COLLIBION
TT{ALEN) 86 * AlData5ent AL AR

Out {ALERR) = fam
Collin {[ANYXH] = 5QF E

Collin (ALL) = STF # TY(ALE) 2 95% Twibone ,
. Dataln (=413
Callln {ONLY 1) = SOE % Collla (aLL}= 5QE &
TTALL} = 26 [fe=Port{Collin « SOEY TTALLEN) & 855
Tw2bene
OREPORT LEFT
Qut{ALLEM) = Fam
Collin{ANYXEA} Dkl (43) = 1% o
«5QE Collin {ALL) = SGE 2 % v ¥ ¥
TwibDone WAILT
StartTwil
aut{all) = Idie
Collin{AlY}=5GE+
TwiDone
MOTE: Qut {X) = Idlz in all Instancas unless spocified othenwise.
Fig 9-2
Hepeater Unit State Diagram
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8.6.2 Puta and Coilisien Hundling. The repeater wmt shall implement the CARRIER_ON function fa
all iiz ports. Upon defection of carvier from one port, the repeater unit shall repeat all veecived signals in
the Data Frame from that perl to the other port (or ports). '

The yepeater unit data and eollision-handling alporithm shall be as defined in Fig 8-2.

8.6.3 Preamble Hegeneration. The repeator unit shall output at least 56 bits of preamble followed by
the SFD. When the repeater unit must send move than 56 bits, the maximurn length preamble patiorn it
shall send is the number received plus 6.

.64 Frapment Bxtension. If the received hit sequence from CARRIBR_ON to CARRIER_OFF is
fewer than 96 bits in length, including preamble, the repeater unit shall extend the sutput bit sequence
with Jam such that the total number of bits cutput from the repeater unit shall equal 96.

9.6.5 MAU Jabber Lochkup Protection. MAU Jabber Lockup Protection must operate as shown in the
MAU Jabber Lockup Protection state diagram. The repeater unit shall interrupt its output if it has trans-
mitted continuwously for longer than 5 ms ar 50 000 bit times - 209 + 50%. The repeater unit shall then,
after 96 to 116 bit times (9.6 to 11.6 ps), re-enable transmissions.

9.6.6 Aato-Partitioning/Reconnection (Optional)

9.6.6.1 Overview, In large multisegment networks it may be desirable that the repeater unit protect

the network from some fault conditions that would halt all network communicaiion. A potentially likely

cause of this condition could be due to a cable break, a faulty connector, or a fanlty or missing termination.

In order to isolate o faulty segment’s collision activity from propapating through the network, the

repeater unit may eptionally implement an anto-partition algorithm and, on detection of the malfunction
being cleared, an aute-reconnection algorithm,

9.6.6.2 Defailed Auto-Partition/Reconnection Algorithm State Diagram. Repeater sets with
10BASE-T MAUs shall implement an avto-partition/reconnection algorithm on these paris. The repeater
unit may optionally implement an auto-partition/reconnection algorithin that protects the rest of the net-
work from an open-circuited segment. If the repeater unil provides this function, it shall conform to the
state diagram of Fig 9-6.
The algerithm defined in Fig 9-6 shall isolate a segment from the network when one of the following two
conditions has occurred on the segment:

{1} When a consecutive collision connt has been reached; or
{2) When a single collision duration has exceeded a specific amount of time.

When a segment is partitioned, Dataln (X) and Collln {¥) from that segment are {orced to 11 Gnput idled
and -SQE tno collision), respectively, so 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 deteeted activity on the sepment for more than the
awmher of bits speeified for Twb without incurring a collision.
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Description of Biate Disgraw Variables ond Constanis
Uori Constants

CCLimit
The mumnber of consecutive collisions that must occur bhufore a segment is pavtitioned, The value
shall be greater than 30,

Input/Guiput Variables

NPresent{X)
Data in from the MAU on port X, {This input is guted by the partilion stale machine to produce
Dataln (X) to the main state machine.)
Vajues: II = input_idle ; no activity
-1 = Input not idle ; activity

ClPregent{X)
Control input from the MAU on port X. (This input is gated by the partition state machine to pro-
duce Collln (X) to the main state machine.}
Values: SQE = signal_guality_error ; indicates colligion
~3QE ; indicates no collision

Port Variables

Coxn
Consecutive port collision count on a particular port X, Partitioning occurs on a terminal count of
CCLimit being reached.
Values: Positive integers up to a terminal count of GCLimit.

Inter-Process Flags
Twi
Wait Timer for length of packet without collision. Its value shall be between 450 and 560 bit fimes.
It is started by StartTws. TwhDone is satisfied when the timer has expired.
Two

Wait Timer lor excessive length of collision. Its value shall be between 1000 and 3G 000 bit times. Ii
is started by StartTw6, Tw6Done is salisfied when the timer has expired,
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BEGIN
L4 % LA
CCOUNTCERR COLLISION COUNT IDLE
o) =0 : o

Datatn (B} DIPresent(s)
Dratoin (0= DIPresenty}

Collin{}} = CiPreseni{l)

Colin {X) = CiPresent{¥)

Bifesent(®y =1+

CiPresem{d)= SQE
CiFresent{X) = S0E

DiPresent{X)=H¥ é

T

SLartTwss
% %. Dasaks {8) = QiPresent{i)
PARTITION WAIT Collin (X) = CiPreseni(i}
. DiPresent{l) =% _ Citresent{X} = S0
Dtatn (X} =1 Cliresant(¥) = SOE
Collin (X} = 5QE
TwiDone®
BlPresentX) =l 5 DiPresent{R}=11%_
CIPresent{¥) = SOE Clrresent{X)= 50E
5 b i
R 1ot COLLISION COUNT INCREMENT
PARTITION HOLD it At R g - L
A R COX) = COX) + 1
Datsln =i
o Datafn {3) = DiFressnt{)
= 50E
Coliln{X)=5Q Coliin (] = Clecesent(X)
DiPresant{X}) mhﬁ.r StartTwd
CiPrasent(X)= 5QF ;
CCiR) = CCLImit +{ TwhDone Difresent{®y= Ik s
Cirresant{R)= SQE) ClPveraniii} = GOE #
COIX) < CCLimiE»
TARTITIQH COLLISIONWATCH | Twibane
Dataln (X} =1
Collin{#)=5QE
Starttwh
Citresent{®) Difresent{R)=1%
=50E CiPresent(®) = SQE

Twilone *DNPresent{X} =1
EiPreseni{l)= SQE

WANTORESTOREFORT |
Dataln (X} i
Colhin ()=50E
cei) =

Dii’reaant{}’u)z
CiPresent{¥)= 3%

Fig 9-6
Partitioning State Diagram for Port X
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8.7 Blectiriend Isolation. There are two cleelvical power distribution enwivenmenis fo be considered thnd
require different electrical isolation properiies.

Environment A - When a LAN nr LAN sepment, with all its associatud interconneeled equipment, is
entirely contained within a single lowevaltage power distribution syetem and within
a single building.

Bovironment B3 — When a LAN crosses the boundary between separate power distribution systems o
the boundaries of a single building.

The repeafer unit ghall comply with applicable loeal and national codes related {o safety. Sec BCMA-8T
AG]

8.7.1 Envirenment A Requiremenis. Atiachment of network segments via repeaiers (seis) possessing
internal MAUs requires electrical iselation of 500 Vims, 1 minute withstand, hetween the segment and the
protective ground of the repeater unit.,

For repeater poris that connect to external MAUs viz an AU Interface, the requirement for isolation is
encompagsed within the isolation requirements of the basic MAU standard. (See 8.3.2.1, 10.4.2.1, and
14.3.11.j The repeater unit shall not require any electrical isolation between exposed AT Inlesfaces or
hetween exposed AU Interfaces and ehassis ground of the repeater unit. Mo isolation boundary necd there-
fore exist at any AU compatible interface (that is “D” conneclor) previded by a vepoater unit,

4.7.2 Environment B Reguirements. The atiachment of network segments, which cross environment
A boundaries, requires electrical iselation of 1500 Vrms, 1 minute withstand, between each segment and
ail other attached segments and also the protective ground of the repeater unit.

it is recornmmended that this isolation be provided by the use of external MAUs connected by AU Infer
faces. If internal MAUs are used the segments shall be installed such that it is not possible for an equip-
ment user to touch the irunk cable screen or signal conductor. A repeater of this variely requires
professional installation.

The requirements for interconnected coaxial cable/electrically conducting LAN segments that are par-
tially or fuily external to a single building environment may require additional protection against lighining
strike hazards. Such requirements ave heyond the scope of this standard, It is recommended that the ahove
sttuation be handled by the use of & nonclecirically conducting IRL (for example, fiber optie).

It s aszumed that any nonelectrically conducting segments will provide sufficient isolation within that
media to satisiy the isolation requirements of environment B3,

9.8 Relinbility. A 2-port repeater set shaidl be designed to provide a mean time between fuilure (MTBY} of
at leasl 50 000 hours of continuous operation without eansing a4 communication failure among stations
attached o the network medivm, Repeater sets with miore than two ports shall add no more than 3.46 »
10-0 failures per hour for each additional port,

The repeater set clectronies shall be designed te minimize the probability of component failures within
the repeater electronies that prevent communieation among the other MAUs on the individual coaxial
cable segments. Connectors and other passive components comprising the meons of connecting the
repeater to the cozxial enble shall be designed to minimize the probability of tetal network failure.

9.9 Mediam Attachment Unit and Baseband Medium Specification for o Vendor-Independent
POIRL

4.8.1 Bcope

9.8.1.1 Overview. A vendor-independent FOIRL provides a standard means for connecting only two
repeater units, It thus extends the network length and topology beyond that which could be achieved by
interconnecting conxial segments via repeater setg only, as defined in §.6 or 10.7. A vendor-independent
FOIRL is particulnrly suited for interconnecting coaxial segments located in different buildings. The
FOMAU described in this docuinent is not intended for vse in connecting DT Es.
In particular, this section defines the following:
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(1} The functional, optical, elecirical, and moechanien) characierisiics of a fiber splic 814U (FOMALD
auifuble for interfacing to a repeater unit, eithor divectly (FOMAU and repeater unit infegrated into
i osingle package) or vin an AUT meehanieal connection.

(2} Various optical fiber sizes suitable far connecting oaly two FOMAUSs,

A schematic of the vendor-independent FOIRL and its relationship to the repeater unit is shown
in Fig 9-7. The vendor-independent FOIRL comprises an opticad fiber eable Hnk segnient, a venilor-
independent FOMALU at cach end of the link segment and, I present, AUL cables,

The purpose of this specification is to enable interoperability of POMAUs that originate from dif
ferent manufacturers, thereby facilitating the development of simple and inexpensive infer-repeater
links (IR Ls). To satisfy this objective, the FOMAT has the following general characteristics:

(a) Enables coupling the repeater unit. PLS directly, or by way of the AUI mechanical conneetion,
to the explicit baseband optical fiber cable link segment defined in this section of the standard.

(h)  Supports signaling at a data rate of 10 Mb/s,

(¢)  Provides lor driving up te 1000 m of an eptical {iber cable link segpment.,

{d) Operates indistinguishably from a repenter set MAU, ag defined in Section 8, 10, or 14 wlien
viewod from the AU Interlace.

(¢} Supports 10BASEZ, 10BASES, and 10BASE-T system confipurations as defined in Sections 8,
10, and 13 of this standard.

{fy  Allows integration of the FOMAU into a single package with the repeater unit, thereby olimi-
nating the need for an AUT mechanienl connection.

The implementation may incorporate additional features, for example those thal atlow compatibility
with vendor-dependent FOMAUs, as in 9.4.3.1. The mieans to suppart these fealures are beyond the scope
of this subsection.

9.9.1.2 Application Perspective: FOMAY and Medium Objeetives. This section states the broad
chicctives underlying the vendor-independent FOIRL specification defined throughout this section of the
standard. These are as follows:

(1) Provide the physical means for conmecting only two repeater units.

{2) Define a physical interface for the vendor-independent FOMAU component of ihe vendor-indepen-
dent FOIRL that can be implemented independently among different manufacturers of hardware
and achieve the intended level of compatibility when intereonnected in a connmon TRL.

(3) Provide a communication channel capable of high bandwidth and low hit error rate performance.
The resultant BER of the FOIRL should be less than ane part in 1030,

(4) Provide a means to prevent packet transmission through an FOIRL when transmission capability in
one or both directions is disrupted.

92.9.1.3 Compatibility Considerations. All implementations of the vendor-independent FOMAU
shall be compatible at the FOMDI and at the AUL (when physically and mechanically implemented).

This standard provides an optical fiber cable link scgment specification for the interconnection of only
two FOMALT devices, The medium itself, the funclional capability of the FOMAU, and the AUT are defined
to provide the highest possible level of compatibility among devices desigrnied by different manufacturers.
Designers are free to implement cireuitry within the FOMAU in an application-dependent manner pro-
vided the FOMDI and AUI are satisfied. (The provision of the physical and mechanieal implementation of
the AUI is optional.)

9.9.1.4 Helationship to AUL A close relationship exists between this section and Section 7, This see-
tion specifies all of the physicnl 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_guality_crror mes-
sape Test of 7.2.1.2,3(3), which ghall not be implemented, that is, shall not be enabled when connected to a
repeater unit.

NOTE: The specifieation of a FOMAU component requires the use of both this section snd Section: 7 for the AUT spectiications.

9.9.1.5 Mode of Operation. The FOMATU functions as a direct connection between the optical fiber
eable link segment and the repeater unit, During collision-free operation, data from the repeater unit is
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transmitted into the FOMAU's {ransmit optical fiber, and all dala in the FOMATYs receive oplical fiber is
transmitted to the repeater unit.

8.8.2 FOMAYU FManctional Specifications. The FOMAU component provides the means by which sip-
nals on the three AUI signal cireuvits are coupled:
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(11 From the repeater unit into the FOMAUDS wransmit optical fiber, and
(23 Fram the FOMAUSs recelve optical fiber to the repeater unit.

‘T achieve this basic oljective, the FOMAU component contains te {following functional eapabilities to
Laridle message flow between the repeater nit and the optical fiber cable ink segpment:

(a)  Transmitl Function : The ability to receive serial bib stresmms from the attached repeater
unit and {ranamit them into the FOMAUs optical fiber.

{b) Recefve Funciion : The ability to receive serial data bit siveams rom the FOMAU’s
receive optical fiber and transmit them to the attached repeater
unif.

(el Collision Presence Functioi . The ahility {o deieci,, and report to the attached ropeater unii, an
y ] } ¥
TOTRL collision.

(&) Jabber Function o The abiiity to avtomnatically interrupt {he Transimit Function and
. . . I
inhibit an abnormally long output daia stream.

(o) Low Light Level The ability to automatieally interrapt the Recelve Fanction and
Detection Function inhibit the reception of signale from the FOMAU's receive optical
fiber which could resull in abnormally high BERs.

5.9.2.1 Transmit Fuoction Reguiremenis. AL the start of a packet transmission inlo the FOMAU's
transmit optical fiber, no more than two bits (two full bit cells) of information may be received from the DO
circutt and not transmitied into the FOMAITs 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
gransmitted into the FOMAU's tronsmit oplical fiber and shall exhibit the following:

11} No more edge jitter than that given by the sum of the worst-cagse edge jitier components apesified in
74.8.6, 7.5.2.1, and 9.9.4.1.7, and
{2y The levels and waveforms specified in 9.8.4.1.

The FOMAU DO civcuit shall comply with the AUI specification for receivers given in 7.4.2. The
FOMAW's DI cireuit 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 transwmit
optical fiber input shall not exceed one-hall o bit cell. T¢ is recommended that the designer provide an
implementation in which a minimum threshold level is required on the DO circuit 1o estabhish a trangmit
bit stream.

The higher optical power lovel transmitted into the FOMAU dransmit optical fiber shall be defined as
the low (LO}Y logic state on the optical fiber link segment. There shall be no logical stgmal 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 loss plus invalid bits plug steady-state propagation delay), as dis-
tinet from the absolute start-up delays, between any two packets that are ceparated by 9.6 ps or less shall
not exceed 2 bit eells,

The TOMAU shall loop back a packet received from the DO circuit into the DT circuit., At the start of a
packet transmission, no more than five bils of information may he received from the DO circuit and not
transmitted into the DI circuit. It is permissible for the first bif sent to contain encoded phase violations or
invalid data. All sucecessive bits of the packet shall be transmitted inte the DI cireuit and shall exhibit ne
more edge jitter than that specified for signals transmitted into the DI cirevit by the Receive Function, as
specified in 8.9.2.2, The steady-state propagation delay between the DO cireuit reeeiver input and the T
cirenit driver output for such signals shall not exceed one hit cell. There shall be no lagical signal inver-
sions between the DO cirevit and the DI eircuit during collision-free transmission.

When the DO circuil has gone idie after a packet has been fransmitted into (he FOMAUSs transmit
optical fiber, the FOMAU shall not activate the Collision Presence Function se as not fo send the
signal_qguality_error vessage Test of 7.2.1.2.5(3) to the repeater unit,

During the idle state of the DO cireuit, the Transmit Funetion 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
pawer levals specified In 9.9.4.1.8, At the end of a packet transmission, the first optical idle signal pulse
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The FOMAU shall ot intredice extrancous opticel signsls it the tiansmil optical fiber under normal
aperating conditions, inclwling powering-up ov powerinp-down of the FOMAL,

9,8.2.2 Hecelve Funetion Reguiremonts, AL the stort of a packel recoption from the POMATPy
veesive oplienl fiber, no more than two bits {wo full hit vells) of inforaation may be receivad froms the
FOMAUs receive optical fiber and nof transmifted inlo the DI cireuit. 1t is permissible for the first bit
transmitbed into the DI circuil to contain encoded phase violations or invalid data. All snecessive hits of the
pecket shall be transmitted into the I eireuit and shall exhibit the following:

(13 The fevels and waveforms speeified in 7.4.1, and
(2)  Nonore edge jitker than that given by the sum of the worsl-case cdge jitter compnnents speciiied in
T.4.3.6, 1.5.2.1, 9.9.4.1.7, 9.9.4.2.2 and 0.9.5.1.

The steady-state propagation delay between the oulpot of the FOMALU's receive oplical fiber and tha sut-
pitt of the DI cirenit driver shell not execed one-half & bit cell. There shall be ne logical signal inversions
between the FOMALU's receive optical fiber and the DI elreuit during vellision-free operation, as specified in
9.9.4.2.3,

The difference in the starl-up delay (hik loss phus invalid bits plus steady-state propagation delay), as dis-
tinet from the absoiute stari-up delays, between any two packets thal are separated by 9.6 s or less shall

Z

§' not. exceed 2 it cells.

. The FOMAU shall not introduce extrancouy signals into the DI cirenit under normal operating condi-
§ tions, including powering-up or povering-dows of the FOMALL

3.0.2,.3 Collision Pregence Funciion Heguivements., The signal presented to the OCI cireuit in the
absence of an 8Q signal shall be the 1D signal.

The signal presented to the CT civeuit during the presenee of a collision shall be the C80 signal, a perfodic
pudse wavelorm of frequancey 10 MHz +25 % -15% with puolse trangitions that are no less than 35 ne and no
greater than 70 neg apart at the zero erossing points. This signal shall be presented to the CI circuit no more
than 3.5 bif times after ihe simullanecus appearance of signals at both the input of the FOMAT s transmit
optical fiber and the sutput of the FOMATUs receive optical fibei. This signal shall be deasserled no carlier
thar 4.5 bit times and no later than 7 bil times afier the above defined eollision condition ceases to exist.

During a collision, if a packet is reecived at the DO cirenit before a packet is recoived ab the FOMAUs
receive oplical fiber, then only the packet received at the DO cireuit shall be transmitted into the DI cireuit,
as specified in 8.9.2. 1. Conversely, i daring a collision « packet is received at the FOMAU's receive oplical
fibar hefore a packet is received at the DO circuit, then only the packel received ot the FOMAU's receive
optical fiber shall be transmitted into the DI civenit, as specified in .9.2.2. In the event of both packeds
being received at their respective porls within 3.5 bit times of each other, then cither one, but only one, of
the packets shall be selected o be transmitted into the DI cirenit,

The Collision Fonetion shall not introduce extraneous signals into the CI ¢irerit under normal operating
conditioms, including powering-up or powering-down of the FOMALL

$.49.2.4 Jabber Function Reguirements. The FOMAU shall have the capability, as defined in Fip 2
9, to interrupt a transmission rom the repeater unil that exceeds a {ime duration determined by the
POMAU. This time doeration shall not be tess than 20 ms nor more than 150 ms, If the packet heing trang-
mitted is still belng transmsitted alter the specified time duration, the FOMAU shall activate the Jabber
Funclion by the following:

(1) First inlnbiting the {ransmdssion of bits from ifts DO cirenit into s transmit optical fiber,
(2} Then transmitting inte iis transmit optical fiber the optical idle signal specified in 9.9.4.1.4, and
{3) Presenting {he CS0 signal Lo the CI eireundi.

Onee the error condition has been cleared, the FOMAU shall rezet the Jabber Funetion and present the
1D signal to the CI civeuit:
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{n) On power reset, and
(b Optiomally, auicmatically after a continuous period of 0.5 6+ 50% of inactivity on the DO eivenit,

The FOMAU shall not activate its Jabber 'unetion when operaicd under the warst-cose Jabbor Lockup
Protection condition specified in 2.6.5.

When batl the Jabber Function and the Low Light Level Detection Function (zee 9.9.2.5) have beea acti-
valed, the Jabber Funclion shall override the Low Light Level Detection Function.

$.9.2.5 Low Light Level Detection Function Reguirements. The POMAU shall have a fow light
level detection capability, as defined in Fig 8-10, whereby it shall interrupt the veception of both the optical
idle signal and packets from the FOMAU's receive optical fiber when reliable reception can no longer be
assured. This error condition shall not be activated if the peak optical power level at the output of the
FOMAU’s receive optical fiber exceeds ~27 dBm. It ghall be activated before the peak optical power level at
the output of the FOMAU's receive optical fiber has fallen to & level that is lower than the peak optical
power level that corresponds to a BER = 10719 for the FOMAU under consideration. Onee this error condi-
tion has been activated, the FOMAL shall, no earlier than 30 bit times and no later than 200 bit times

(1) Disable its Receive F'unctien so that the transmission of bits from its receive apiical fiber to the DI
circuit is inhibited.

{2) Assure that only the optical idle signal is transmitied into its transmit optical fiber, irrespective of
the state of the DO cirenit.

(3) Disable its Transmit Punction during the period of time that the POMAU recognizes the presence of
a packet on the DO circoif such that the transmission of the packet from the DO cireuit info the DI
cirenit {s inhibited.

Once thig error condition has been cleared, the FOMAU shall return automatically o its normal mode of
aperation within 40 bit times once the DO cirenil is in the idie state,

When both the Jabber Function (see 9.9.2.4} and the Low Light Level Detection Function have heen acti-
vated, the Jabber Function shall override the Low Light Leval Deteclion Function,

NOTE: IL iz recommended that, [or diagnostie purpuses, the status of the Low Light Level Detection Funetion be indicated on the
exterior of the FOMAU paclage.

2.0.2.6 Repesater Unit to FOMAD Physical Layer Messages. The following messages can he
received by the FOMAU physieal layer entities from the repeater unit:

Message Circuit Signal Meaning
output DO D1, CDho Output information
autpul_idle DO DL No data to be culput

9.9.2,7 "OMAU Physical Layer to Repeater Unit Messages. The following messages can be sent
by the FOMATU physical layer entities to the repeater unit:

Message Cireuit Signal Meaning

input DI CD1, CDo Input information

input_idle b 3L No information Lo be
input

Jomai available I iDL FOMAU is available for
oulput

signal_guality_error ] CH0 Collision or error

detected by FOMAU

9.9.2.7.1 input Meksnge. The FOMAU plhiysical fayer sends an input message to the repeater unit
when the FOMAU has a bit of data to send to the repeater unit. The physical realization of the input mes-
sage is a CD0 or CDI sent by the FOMAU to the repeater unit on the DT circuit, The FOMAU sends CDO i
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the input bit is a zero, or CD1if the inpul bit iz a one. Ne vettming of the CLIT or O1D0 sipnals tnkes place
wiithin the FOMAT,

889278 inpul idle Message. The FOMAL physica! layer sends an inpuf_idle message o the
repaater unit when the FOMAU does not have data to send to the repeater unit, The physical vealization of
the inpui_idle message is the IDL signad sent by the FOMAU o the repeaier unit on the DI cireuit,

9.9.2.9.3 foman_cvailable Message, The FOMAU physical layer sends the fomoau_available mes-,
gage to the repeater unit when the FOMAU is available for output, and when the FOMAU has activated
the Low Light Level Detection Function in accordance with the Low Lighi Level Detection Funclion
requirements of 9.9.2.5 and Fig 9-10. The fomaie_cvailable message shall be sent by a FOMAU that is pre-
pared to output data. The physical realization of the formeu_aveilable message is an 1DL signal sent by the
FOMALT £o the repeater unit on the CI circuit,

8.8.2.7.4 signal_guality _error Message. The signal_quaiity_error message shall be implemented
i the foHowing fashion:

{1) When the FOMAU has completed the transmission of 2 packet into its transmit optical fiber, it shall
not send any signal_guality_error message Tost sequence.

(2)  The simultancous appearance of packets at both the input of 2 FOMAWs {ransmit optical fiber and
the output of its roceive optical fiber shall canse the signol_gualityv_error message to be sent by the
FOMAU to the repeater unit,

(3) When the TOMAT has aclivated the Jabber Function, it shall send the signal_guality error mes-
sage in accordance with the Jabber Munction requirements of 8,9.2.4 and Fig 8-9.

The physieal renlization of the signa!_guelily_error message is the U0 signal sent by the FOMAL to the
repeater unit on the CI drenit.

The FOMAL is required to assert the signal_gualiiy_error message at the appropriate Hroes whenever
the FOMALU is powered and not just when the repeater vait is providing sutput data.

9.6.2.8 FOMAU State Diagrams. The state diagrams, Figs 9-8, 9.9, and 9-10, depict the full set of
allowed FOMA state functions relative lo the control circuits of the repeater unit/fF'OMAU interface for
FOMAUs. Messages used in Lhese state diagrams are explained as follows:

MOTE: Figures 9-8, 3-8, nnd 9-10 hust all b considered fogother,

£1) enable_opi_driver . Activates the path employed during normal operation to cause the
FPOMAU transmitter to impress the packet data roceived from the
DO civenit into the FOMATU's transmit optical fiber.

(2} disuble_opt_driver . Denctivates the path employed during normal aperation to cause
the FOMAU transmitier to impress the packet data received from
the DO circuit info the FOMAU's transmit optical fiber,

(3} enable_opt_tdle_driver © Couses the FOMAU transmitter 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 cptical idle signal
into the FOMAs transmit optical fiber.

(8) enable_{vop_back ¢ Activates the path employed during norial eperaiion to couse the
FOMAU Transmit Funetion to impress the packet data received
fram the DO cireuit into the DI circuil.

{8) disable_loop_bach 1 Deactivates the path employed during normal operation to eause
the FOMAU Transmit Function to impresz the packet data
received from the DO eireuil indo the DI civeuit.

(7} enable_opl_receiver : Activates the path empleyed during normal operation to cause the
FOMAU to impress the packet data received {rom the FOMAU's
receive optical (iber into the DI circuit.
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(8 disablo_opl,_receiver : Deactivates ihe path employed during novmal speraiion to caise
the FOMAL in impress the packet data recelved from the
FOMAUS receive optieal fiber into the DI civeudt,

Starts a timing funclion which 18 vzed fo monitor the amount of
time the FOMAT) is transmitting a packet into the transmii optical
fiber, The timing funciion is maintained as long as ewiput is true
and 1s stopped on ihe {ransition to cwipué_idle true. The term
packel_timer _done is satisfied when the timing fanction has run to
expiration (see 9.2.2.4).

(9 star!_pochet_timer}

(10) {start_unjab_timer] : Starts a timing function that is used to monitor the amount of time
that the Jabber ervor condition has been clear. The timing Tunction
is maintained as long a8 ondpui_idle is true and is stopped on the
transition to owtput tree. The term unjab_timer_done is satisfied
when the timing funciion has run to expivation (see 9.9.2.4),

(11) opt_input ¢ Signifies that a packet is present at the FOMALUs receive opiical
- fiber.
(12} opt_input_idle : Sipnifies that a packel iz no longer preseni at the FPOMAU's

receive optical fiber.

(13) opi_input_coll_select : Bignifies that, during a collision, a packet has been received at the
DO cireuit within 3.5 bit times of a packet being received at the
FOMALs receive optical 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 cirenit within 3.5 bit times of the packet being received at the
FOMATLPs receive optical Aiber, and that only the packet received at
the DO cireuit is o be transmitted into the DI cireuit.

(14) entput_coll_selecl

The following abbreviations bave been used in Figs -8, 8-9, 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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6.5.8 MORMAL Bleetricsl Chavacteristics

$.0.3.1 Blectrical Isslation. Electrical isolation shall he provided between FOMAUS attached to the
POIRL by the optical Hber cable link segiment. There shall be no conducting paih between ihe optical
medium connecior plug and any condueling element within the optieal Gber vable link segment. This isola-
gion shall withstand ab least one of the following clectrienl strength fests:

(1) 1500V rins al 50-60 Hg for 60 s, applied as specified in 5.3.2 of IEC Publication 850 5]

(2) 2250 V de for 60 5, applied as specified in 5.53.2 of IEC Publication 950 (8].

(3) A seguence of ten 2400 V impulses of allernating polarily, applied atl intervals of not less than 1 s,
The shape of the impulses shall be 1.9/50 us (1.2 us virtual front iime, 50 ps virtnal time of half
value), as defined TEC Publieation 60 111},

There shall be no isolation breakdown, as defined in 5.3.2 of IRC Publication 950 (8], during the test, The
resistonee after the {est shall be at least 2 ME, measured at 500 V de.

NOTE: Although izolation is provided by the optical fiber cable link segment, it is recomnmended that the normat noize immunity pro-
vided by comimon-mode izelation on the AUI be retained.

9.9.3.2 Power Consumption. The current drawn by the FOMAU shall not exceed 0.5 A when pow-
ered by the AUI source. The FOMAILT shall be capable of operating from all possible voliage sourees as sup-
plied by the repeater unil (7.5.2.5 and 7.5.2.6) through the resisiance of all permissible AU 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 FOMAL shall be capable of powering-up from 0.5 A current Hmited sources.

It is pormissible as an option to provide a separate power soarce for the FOMAU. If a separate power
source ig implumenied, provisivn will be made (o assure thal power shall vnder no circomstances be
sourced on pin 13 (Circuit V) of the AU

The POMAL 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 FOMAU shall not introduce inte the FOMAU’s transmit optical fiber or ento the DI or CI circuiis of
the AUT any extraneous signal on routing 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 (o it.

4.9.3.%3 Relinbility. The FOMALU shall be desipned to provide a MTBI® of at least 200 000 hours of
operation without causing a communication failure amongst DTEs attached to the network. The FOMAU
clectronics shall be designed to minimize the probability of component failures within the FOMAU that
preveni communication amongst other MAUs on the 10BASES and 10BASE2 segments. Connectors and
other passive neans of connection shall be designed to minimize the probability of total network failure,

9.89.3.4 FOMAU/ Repeater Unit Lleetrical Characteristics. The eleclrical characteristics of the
driver and receiver components connected to the AUI cable shall he identical to those specified in Scelion 7.

2.9.8.5 FOMAURepeater Unit Mechanienl Connection, The FOMAU, if it implements the AU
mechanical connection, shall be provided with a 15-pin male connector, as specified in the AUT specification
of Section 7.

i

2.9.4 FOMAL/Oplical Medium Inferface

- ‘
. {
o.83,4.1 Trapsmit Optical Parameters

2.8.4.1.1 Wavelength. The center wavelength of the optical source smission shall be between 740
5 and 860 nmn. See Appendix D.
§ ,
i 2.9.4.1.2 Epeciral Width, The spectral width of the oplical source shall be less than 75 nm full !
. wicih half maxinnom (WM. i
|
§ 9.9.4.1.3 Optical Modulation, The optical medulation during packet transmission shall be on-off 5

keying of the optical source power. The minimum extinetion ratio shall be 13 dB.
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2.0.4.1.4 Optical Idie Bignol During the idle staie of the DO cirenit, the Transmit PeneGon shall
input. into the POMALs transmit opties! fiber an optical idle signal. This signal shadl consist of 2 periodic

[

pueise wavelorm of fregueney 1 MEz «253% - 15% with & duly cyvele vatio belween 45/65 and 55745,

9.0.4.1.5 Transmit Optical Logle Polarity, The higher oplical power level transmitied into the
FOMAU'Ss transmil oplical fiber shall corvespond to the low (LU logie state (see 7.4.2.10 of the AUL DO
circait.

8.9.4,1.6 Optical Kige snd Fall Times, The optical vise and fall times of the FOMAU shall be no
more than 10 ns from the 109 Lo the 80% levels, There shail be no mere than 3 ns difference between the
vise and fall times.

9.9.4.1.7 Transmit Optical Pulse Edge Jitter. The additional edyge jiiter introduced by the
FOMAL from the inpui of the DO clrevit receiver to the output of the electro-optic source shall be no more
than 2 ns. The jitter meassured al the input of the DO circuit receiver shall be measured al the zero crossing
points, ag determined from the previeus 18 or more trapsitivos in any valid bit stream. The jitter measured
at the output of the eleetro-optic source shall be measured at the power level niedian of the optical wave-
form’s upper and lower power levels, as dotermined from the previous 18 or more {ransitions in any valid
aptical bit stream.

$.9.4.1.8 Peak Coupled Opiical Powern At the beginning of the FOMAL's lifedime, the peak opti-
cal power coupled into the FOMAU transmit optical fibey, when ferminated with an optical connector ag
specified in 9.9.4.2, shall be -12 dBr & 2 dB, when measured with a graded index optical {iber of nominal
dimension of 62.5 ym core diameter and 0.275 pnominal numerical aperture. The actual optieal power,
which will be coupled inte sther fiber sizes listed in 9.9.5.3, may differ from the abuve valoe. The peak opii-
cal power shall be measored in the steady stale, and the measurement shall be independent of optical
pulse ringing effects. Peak optical overshoot shall not excead 10%.
NOTE: The above value does nol include an aging margin, The seuree 15 alleeated s sging margin of 3 8 over its operoting lilstime,
The varkation in the peak-coupled opticat power due (s tolerances sllowed by IBG Publication 793-2 1143 for type ALb (6257120 i
[Heer is 21 dB. Vence, the minimut power fevel at the starl of Bfe will e - 15 @,

0.9,4.2 Reoceive Optieal Parametors

$.9.4.2.1 Receive Peals Optical Power Range. The BER shall be « 107 for penk oplical pywoers
at the output of the FOMAU's receive optical fiber betweern ~27 d B and -8 dBm.

9.0.4.2.2 Feceive Oplical Pulye Bdge Jitler. The additional sdee jitier infroduced by the
FOMALU from the input af the opto-clectric detector to the sutput of the DI cireuit driver shal? be oo more
than 4 nz. The jitter measured at the input of the opto-electriv reeciver shall be measured at the power
level median of the optieal waveform’s upper and Jowoer power tevels as defermined from the previovs 16 or
more transitions in any valid optical bit siream. The jitter measured at the output of the DI circuit driver
shall be measured al the zero crossing points as defermined from the previcus 16 or more transitions in
any valid bit stream. This requirement shall apply when the optical reesive peak power level iz in the
range ~27 to -9 dBm.

89.9.4.2.3 Receive Optical Logic Pelarity. The low (LO) logie state (zee 74.2.1) o0 the I eirenit
shall correspond to the presence of the bigher optieal power level at the anipui of the FOMAU%S receive
optical fiber.

9.8, Chevacteristies of the Optieal Fiber Cable Link Segment. The optical fiber cable link seg-
ment is a length of aptical fiber cable JEC Publications 794-1 {15] and 794-2 [16]) containing 4wo optical
fibers, as epecified in 8.5.5.1, and comprising one or more optical fiber cable scctions and their means of
Wihis FOTRL specification iz to be vead with the understanding thnt the following changes Lo TEC Publientions 793-2 114] Liave
leen requested: .

{1} Correction of the numerieal aperlure telerance in Table 117 to 20,015,
{2) Addiiion of nnother bandwidth categery, of » 159 MIz referred 1o 1 km, for the tepe A1l fibor i Pable 131
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taterconnnetimn Bach oplisal fiber s forminated ot eoch end in the optical wonnectar phay sperified in
9483 The twa apiical hors correspond (o the FORMALYs trensmit oad yecabve oplical tihers,

a5 t’”}g;"z{'fzé iher Medings, The FOMAL con omernde with o variely of eptical fibey sizeg, oo G0/
125 ;mz, G2.00125 s, & BEA120 o, 1007140 .

Tnteraperability of 17 ()MALm ihat eriginate frem different manuinciarers, using any of these tiber siaes,
in assured provided that the received peak pplical power bs hctween -27 dBm and -9 dBm and the vpiical
fiber cable link semment bandwidil is greater than or cqual to 150 Mz,

fn order to satisfy the above attenvation aud bandwidih criteria for ol allowable FOIRL lengths, and
aasuning un to 4 dB of connection lasses within the optical fiber aable Jink segment, it s recomimended

that the cabled vplieal fiber have an attenuation = 4 dB/ke and a bandwidih of 2 160 MUz veferved to | Lm
st wavelength of 850 nm,

The foial incremental opiical pulse edge jitier introduced by the opiieal fiber cable Hok segment shall be
lews than 1 ns when driven by an optical Lrangmitter axs specified in 9.9.4.1 The pulse delay introduced by
e opiical fiber cable shall not exceed 50 bit times for a 1 km length.

In the specific case of 62.5/125 pum fiber, Lo ensere interoperability of FOMAUs thol originale from differ
oreg manufacturers:

(17 The two eabled optieal {ibers contained 1o the optieal fiber esble fink s “gfmoni sl
eal fiber prrameters specified in IEC Publieation 793-2 4] iype Alb {6,,. PHEIHIA

{21 The eptica fihes eabile Hnk sepment shall have an allennation less thow ar ernm] Fu 8 dl sand a bawd
width greater than o equal o 150 M1z,

grinty tho opli-
34
“andl

9,8.6.% Optical Medinm Conneclor Plug and Soclel, The fwo eptical fibers contained in ihe f»[m~
cal filier cable link segment shall be terminated at eacly end i an opticnd connector plug as specified in LIEC
Pubtieations 8741 [18) and &74-2 {19],

The eorvesponding mating connector soeket shall conform with the gpecifieations given in TG TPublics:
tinng 874-1 and §74-2. ‘This document speeifics the moechonical mnting face dintensions to ensure mechons-
wl fntermaieability without physical danesge, of sll F-SMA comoectors covered by the docuinent, In
addition, (he apiieal ingertion loas when interconnecting twe opticsl conneetor plugs shall not exceed
25 4B (measpred using a socket adaplor confurming to the mechanical specifications given in IBC Publica-
tions 874-1 and 874-9 and also wsing two identical fibers, as specified in 9.9.5,1, asswming viiform moede
dirbribution lnunch conditions).

8.89.8 Svetom Heguironenls

000 Opiteal Transmission System Considerntions. 0.9.4.2.1 specifios that the BER zhall b
<1071 for poak oplical powers al the eutput of the FOMAs reecive optical fibar between 27 dBm sand
4 d B, The vatve of -9 dBm coevesponds {0 the maximum allowable peak optical power that esn be eou- |
pled ingn the worst-case optical fibor specified in 3.9.5.1 at the beginning of the FOMALs litetime {see
§.9.4.1.8), and assumes zero optical loss between the optical source autput and the aplical deicetor input,

The value of =27 dBm is caleulated by subiracting the FOFRL (hay budget from the minimum allowable
poak optical power thal can be coupled into the FOMAU's transmit eptical fiber at the beginning of the

FOMAUs hfeiime (see 9.9.4,1.6% The flux hudet is the maximum loss allowed within the FOIRY, to guar-
antoe a BER = 109 assuming worsi-case Hok compenents, A portion of the flux udget has been alloented
ag o design margin fo allow for degradation and foelerance eifeets in the optical souree. Thiz iz noted in the
tahile below as the oplical seuvee lifetinme depradation, T'he remaining fhe budget of § d13 asswmes a ayston
mm’gén allowance for the aptical fiber cable link semment over its lietime, and may be allocated to the opti-
gal fiber eable link segment oss gt the diseretion of the network planner/instailer. The following summa-

rizes {he “ilomimi optical flux budgets for the example graded i:uicd optical (iber of worst-ease dimensions
B2.5 um ~ 3 wm (e, 55.5 um? core diameter and 0275 ~ 0015 (e, 02607 numerical aperivre:

HThiz FOHIL specifisation is to be vead with the endmatonding that the fellowing changes 1o TEC Poablieation %00-2 [14] have been
renuested:

(13 Crarrpetion of the numerical aperture tederance inlable Ul tn £ 0015,

93 Addifion of anuiher bandwidth eategory, of 2 150 513z ¢4 1 Im, {or the tyoe Alh fiber in Table 111
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Start of life minimun: peale coupled optical power (9.9.4.1.3) c-15 dBm

Optical source lifetime degradation -3 dB
Maximum optical fiber cable link segment Inas
inclading system margin allowance (3dB
1 -27 dBm

Resultant required receive peak oplical power

9.9.6.2 Timing Considerations. Table 9-1 simnmarizes the maximum allowable timing budget contri-

butionz te the system timing budget for the FOIRL. The Iasi bit in 1o last bit outl delay shall equal the
Steady-State Propagation Delay.

Table §-1
Maximum Allowable Timing Budget Contributions to the FOIRL System Timing Budget

Steady-State Start-Up

, S it Loss Invatid Bils Propapstion e
Symbol Funclion hit times} {lit thmes) Delay n ?g]m o
(hit times} L Hmes
11 OFTICAT DATA N 210 140 ah 3.5
ASBERTIRPUT
12 OUTPUT O MICAL 2.0 | R4 0.5 a5
DATA GUT ASSERT
LO0OP DO CIRCUFT ASSERT 5.0 1.0 143 o
BACK I CIRCUIT ABSERE
13 QOPTiCAL COLLISION e s e 3.5
SHOE ASSERY
id COLLISHIN DEASSERT — —— — R
+SOE DEASSERT
Al AUL Propagation - — 2.57 2.57
Fl Optieal Fiber Propagation - — fi R

per ilomelor

“Mintrmum Start-up Delay for 14 is 4.5 bit times,
9.9.7 Bnvironmental Bpecifications

2.8.7.1 Safely Bequirements

9.9.7.1.1 Eleclrical Safeiy. 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 segmendt shall be consistent with this application and pro-
vide adequate personnel and equipment safety from earth faults and lightning strike hazards.

9.8.7.1.2 Optical Bouree Safety. The recommendations of IRC 825 Publication [17], if applicabie,
shall be adhered to in determining the optical sovrce safety and user warning requirements,

9.9.7.2 Electromagnetic Environment

2.9.7.2.1 Susceplibility Levels. Sources of inferference from the anvirenment inelude electromag-

netic fields, electrostatic dischavge, and transient voltages between carth connections, Several sources of
interforence coniribute Lo voltage between the optical fiber cable link segment {cither a metallic strength
member in the eable, a metallic optical connector plug, or the outermost conduceting element of the FOMAU
for the case of no metaliic strength member} and the earth connection of a DTE.

For information on limits and methoeds of measurements of radio interference characteristics of informa-
tion technology equipment, see 1.3 in CISPR Publication 22 [1).

The physical channel hardware shall meet ils specifications when operating in both of the following
conditions:
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£1)  Ambient plane wave field of 2 Vm from 10 kHz throogh 30 MIT and 5 Ve from 30 Mz ihvough
1 GHz,

SOYVE: Thess ave Hhe dovels typieally found T ke o radia breadenst sintions

o

Inferference source voliage of 158 V peak sine wave of frequency 10 MITz in geries with a 50 Q
source resistance applied beiween the optical fibor cable link segmoent (either a metallic strength
member in the cable, a metallic optical connector plug, or the culermoest conducting element of the
FOMALT for the case of no metallic sirength member) and the earth connection of a DTE,

NOTE: The optical (ber link segment 15 capable of witlistanding hipher levels of dlectromapgactic interference, The ahove
specifications are the minimum requiremients for the environment in which the FOMAU is required Lo operato.

5.8.7.2.2 Bmission Levels. The FTOMAU and optical fiber cable link segment shall comply with
CISPR Publication 22 [1],

8.8.7.3 Temperature and Humidity, The FOMAU and associated connectorfeable systoms are
expeeted to operate over u reasonable range of environmental conditions related to tempuerature, humidily,
and phiysical handling such as sheck and vibration, Specitic requirements and values for these parameters
are boyond the scope of this standerd. Manufncturers should indicate in the literature associaied with the
FOMAU (and on the FOMAU if pessible} the operating environment specifications 1o facilitate seleciion,
installation, and maintenance of these components, It is further recommended that such specifications be
stated in standard terms, as specified in 1EC Publications 68 {121, IBC 783-1 [13], 1EC 794-1 1151, and
1BG 874-1 1181
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10 Medinm Altachment Dol and Boasebond Medinm Spocifientions,
Type I0BABEZ

161 Beope

16.1.1 Overview, This standard dedines the fimetional, dodirical, and mechanical thu.‘xuim*ivi s of e
Medinm Altachment Unit {MATLD and one speeific medium for use with loeal avea netwarks, The relation-
ghip of this specification to ihe eative CEMAS/CT Loeal Avea Network Specification is .shown in Mg 10- 1,

OS5t LAN

Wt
REFERENCE MODEL CSMAICD
LAYEAS LAVERS
APPLIGATION © HIGHER LAYERS
PRESENTATION v
S ¢ | LOGICAL LINK CONTROL
/
. MAC
SESSION !’ MEDIA ACCESS CONTROL | 5cDTE b pye
, (AU it
P - PLS auposnd)
FRARSPOR ;7] PHYSICAL SIGNALING
i y ‘ T e
NETWORK / P
£
DATA LIMK Y
3
PHYSICAL
AUL = ATTAGHMENT UNIT INTERFAGE
AU = MEDIUM ATTACHIMENT UNIT
MBI = WMEDIUL DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTAGHMENT

Pig 10-1
Physical Loyer Partitioning, Relntlonship to the I80 Open Sysiems Interconnection
(080 Reference Modal

The purpose of the MAU is to provide a simple, inexpensive, and Hoxible means of nttaching doevices Lo
the loeal area network medium. This siandard defines a means of incorporaiing the MATT funciion within
the DTE ond bringing the trunk conxial eable direclly 1o the DTE. Interconnection of BTE units 1= casily
achieved by the use of industry standard coaxicl eables and BNC connectors.

This MAU and medium specification is aimed primarily al spplications where there ave a relatively
amual number of deviees located in s work aven, Installation and reconfipuration simplicity s uchieved by
the type of cable and conneclors used. An inexpensive implemientation is pehieved by eliminating the MAU
and Atiachiment Unit Inferface (AUL) as sepavaie componets ond vging widely available inlerconncetion
components.

101,01 Mediom Attachment Unit {novmally contained within the dats terminal eguipment
HYEED. The MAU has the following general eharacteristios

(13 BEnables eoupling the PLS {o the explicit baseband conxint transmission system defined in this sec-
tion of the standard.

(2Y Supports message traffic at a data rate of 10 megabits per second (Mb/s),

(3} Provides for driving up to 185 m (600 ft) coaxial trank cahle segment without a repenter.

(4} Permiis the DTE i6 fesl the MAL and the medivm itself,
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(5)  Supperts sysiem configurations using the CSMA/CD access wechanivm defined in the IS0 HEER]
Loeal Area Network Bpecilieation.

(6) Supports a bus tepology intereonnection menns,

(7)  Bupports low-cost capabilily by incorporaiing the MAU function within the physical bounds of the
DTE, thereby climinating the need for a separate ALJ connector and cable but containing the
vemaining AUl interface functionality.

10.1.1.% Bepeator Unit, The Repeater Unit is used o extend the physieal system topology and pro-
vides for coupling two or more coaxial brunk cable segments. Multiple Repeater Uniis are permitted within
a single system to provide the maximnm trunl eable connection path speecified in 10.7. The repenier is not
a DTE and therefore has slightly different attachment requirements,

160.1.2 Definitions. This scetion defines the specialized terminelogy applicable to MAUs and Repeater
Units,

Attachiment Unit Interfpee (AUE). In a local area network, the interface between the Medivn Altach-
ment Unit (MALU) and the data ferminal equipment within a data siation.

baseband coaxial sysiem. A system whereby information is divectly encoded and impressed on the coax-
inl transmission medium, At any point on the medium only one information signal ot a time ean be present
without disruption.

carvier sense. In a local area networly, an ongoing aclivity of a data station to detect whether or not
another station is transmitting.
MOTE: A collision presence signal is provided by the PLS to the PMA sublayer Lo indicate that ene or more sintionz are currently
transmitiing on the trunk conzinl eable,

coaxial cable section, A single length of coaxial cable terminated ad each end with 3 BNC male connec-
tor. Cable sections are joined Lo ofher cable sections via BNC plugfreceptacle barrel or Type T adapters,

coaxinl cable segment. A length of coaxial cable made up from one or more conxdal eable sections and
coaxial connectors, terminated at each end in its characleristic impedonce,

collision. An unwanted condition that results from concurrent tranamission on the physical medium,

collision presence. A signal provided by the PLS to the PMA sublayer (within the Data Link Layer) to
indieate that multiple stations are contending for aceess to the transmission medium,

Medium Attachment Unit (MAY). In a local area network, a device used in a data station Lo couple the
datla terminal equipment (DTE) {o the transmission medium.

Medium Dependent Interface (MDI). The mechanical and electrical inderface hetween the trunk cable
medinm and the MAU.

Physienl Medium Attachment (PNMA). The portion of the MAU that containg the functional civeuitry.

Physical Signaling Sublayer (PLS) The portion of the Phyvsical Layer, contained within the DTE, that
provides the logieal and funcltional coupling between MAU and Data Link Layers.

repeater. A device used to extend the lenglh, topology, or interconnectivity of the physical medium boeyond
that imposed by 2 single segment, up te the maximum allowable end-ts-end trunk transmiseion line
length, Repeaters perform the basic actions of restoring signal amplitude, waveform, and timing apphed Lo
normatl data and collision signais,

trunk eable. The trunk coaxial cable systen

NOTE: For additional definitions, see 8.1.2.
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118 Application Perspective: MAU ondd Madiom Objectives. This vection stater the broad objec
ves and assumploos underlying the specifications defined twoughout Secihion 10 of the siandard.

30,121 Object

{1y Provide the physical means {or communication belwees local nebwork Data Link entitios,

NOTE: This specificalion covers a portivi of the Phyeieal Luyer oo defined in the O8] Retvrence Model and, Jo addition, the
physien! medium iself, which is bevond e zeope of the O8] Reference Moded,

(2) Define a physical interface that can be implemented independently among different manufacturers
of hardware and achieves the intended lovel of compatibility when interconnected in & commen loeal
network.

{1) Provide a communication channel capable of high bandwidth and low bit error yate performance,
The resuitant mean bik evror rate, at the Physiea! Loyver serviee interface, should be leas than one
part in 107 (on the order of one part in 10% at the link leve]),

(4} Provide for ease of installation and service.

{5y Provide for high network availability (ahility of & stotion to gain aceess to the wedium and enable
the Data Link eonnection in a timely fashion),

() Enable low-cost implementations.

NOTE: The figures and nuuierons testual references thronghsut the section refer to lerminology associated with the AUl
ithat is, DO, 131, CI0. Bines the normal embodiment of the Type 10BASE2 configuration does not raquire on AULL actoal exist-
epce of the T, DY, C cirenit may nol be required. Uze of this tevminolony, however, s refained throughout Seetion 10 e
parposes of clarily and consistency.

14,122 Compaiibility Considerations. All implementations of this baseband conxial system shall
be compatible al the Medium Dependent Interface {MDI).

This standard provides one explicit trunk cable medium specification for the interconneetion of wll MAU
devices, The medium itself, and the functional capability of the MAU, are defined to provide the highest
possible level of compatibility among devices designed by different manufacturers. Designers are free to
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 Thig section defines the Primary Physical Laver {or the local
area network, a layer comprised of both the physical medivm and the rudimentary cireuitry 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
Seetion 7. This gection specifies the physical medium parameters, the PMA logical functions residing in the
MAU, and references the signal cirenits associated with the AUT az defined in Section 7.
The design of a MAU component requires the use ol both this section and parts of the PLE and AUL spec-
ificationz contained in Section 7.

10.1.3.4 Maode of Operation. The MAU functions as a direct connection between the baseband
medium and the DTE, Data from the DTE is ouiput to the coazial {runk medium and oll data on the coax-
ial trunl medium is input te the DTE.

10.2 Heferences, Reforenees to such local or national standards thai may be useful resource material for
the reader are identified and Tocated in the Annex at the end of this book,

10,3 MAU Functional Specifications. The MAU component provides the means by which signals on the
three ATJT signal cireuits toffrom the DTE and their associated interlayer messages ave coupled Lo the sin-
vle goaxial cable baseband signal line. To achieve this basic objective, the MAU comnonent containg ihe fol-
lowing functional capabilities Lo handle message low between the DTE and the baseband moedium:

{1) Transmit Function. The ability to transmit serial data bit streams on the baschand medium [rom
the local DTE entity to one or more remote DTE entities on the same network.

{2) Receive Function. The ability to receive serial data bit streams over the baseband mediom.

{3) Coilision Presence Funciion. The sbility to deteci the presence of iwe or wmore stations’ concurrent
transmissions.
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(41 Jabbey Fuanetion. The ability io antomatically interinpt the Tomsmit Fonciies snd ionhibin an
abnormally long output daty stream.,

10031 MAT Physicel Laver Funciional Reguirements

ALY Tronsmit Function Reguivemends, Al the starl of o frame transmission on the conxial
cable, no more than 2 bits (2 full bit cells) of hiformation may be received from the DO cirvenit and not
transmitted onto the coazial medium. In addition, it is permissible for the first bil sent to coniain invalid
data or timing; bowever, all suceessive bits of the frame shall be yveproduced with no more than the speci-
fied amount of jitter, The 4th Lit cell shall be corried from the DO signal Bne and transmitted onto ithe
coaxial trunk cable medinm with the correct (iming and signal levels, The sleady-sinte propagation delay
between the DO cirenit vecetver input and the coaxial cable oulput shall not exceed 1/2 bit call. There shall
he no logical siznal inversions between the branch eable DO cireeit and the coaxial trunk cable (for exam-
pic, a “high” legic level input to the MAT shall vesuil in the less nepgidive corrent flow value on the trunk
coaxial medivm}. A posilive signal on the A signal lead of the DO civeuti; shall result in a more pogilive volt-
age level on the trunk coaxial medium. It is assumed that the AUL shall provide adeqnate proteciion
against nowse. 1 is recommended that the desipney provide an himplemerdation in which a minimum
threshold signal is required Lo establish a {ransmil bit stream.

The Transmit Function shall outpni a signal on the trunk coaxial wedium whose levels and waveform
comply with 10.4.1.3.

In addition, when the DO eiveuit has gone idle after a frame is ouiput, the MAL ghall then aclivate the
Collision Presence Function as close 1o the trunk consial eable ns possible without inireducing an pxtrone-
mig signal on the trunk consial medimn, The MAL shudl initiale the Collision Presence state within 0.6 ps
to 1.6 ps after the Quiput Idle signal (Wait_Thver_Tone in Fig 10-2) and shall maintain an active Collision
Prosence stale for a time eguivalent 1o 10 & 5 bit celis,

Powerln
£ DUTPUT
OWUT%DL“ Cutput
& dlsuhls..driver & gnublo_drivar
& mau,.ovoliokle @ moi.avallobls
{If no..collialon} {1 no_ colieon)
2 sof (if Coliislon) & SQE (i Colllslon)
\ -
output_idle
SOE TEST WAIT
@ slort wolt. tmar
& dleable. driver
& SOF (i CaMelon)
& may..ovolloble
test_tirmer _dona (i ne_cotinion)
wait. timer..done
ucT START TEST TIMER
rivar
% SQE (f Colllslen)
& plart test.timer

(UCT = uncanditioal transifion)
(Wait Times_Done s specified in 10.3.1.1)

Fig 102
RIALT Interface Funciion
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i0.0.1.2 Recelve Function Heguwivemenis. The signal from the eoaxial trunk eable shall be ae con

pled hefore reaching the reeeive DY elvenit. The Receive Fonction shall sutput mshizaad onts the D1 civen
that complics with the specifiention for drivers in MAU (7.5),

At the glart of @ frame vecoption {rom the voaxial eable, ne move Uan B it (5 ol LIt eells) of nforma-
tion may be received from the coaxial cable and not transmitted oo the receive 11 cireuit. Tn addition, it
is premissible for Lhe first bit sent gver the receive cirends to contain ivalid dats or themg however, sl
suceessive bits of the frame shall reprodoce the incoming signat with no more than the smount of jitier
specified below, This implies that the 7th bit cell presents valid data to the PLE. The steady-siaie propaga-
tion delay belween the coaxial cable and the receive I civcuit sutput shall not excoed 122 bit cell, There
are no logical signal Inversions between the coaxial (trunk) cable and the MAU receive eiveuii,

A MAU meeting this specification shall exhibit edge jitter into the DI pair when terminated in the appro-
priafe test load specified in 7.4.1.1, of no move than 7.0 ng in either direelion when it is installed on the dis-
tant end of all lenpgths up to 185 m (600 i) of the cable gpecified in 10.5.1.1 through 10.5.2.1.5 terminated
at both ends with terminators meeling the impedance regoirements of 10.6.2.1 and driven at one end with
psendorandom Manchester encoded binary data from a data generator that exhibits no more than L0 ns of
edge jitter in either divection on half bit cells of exactly 1/2 BT and whose output meots the spaeifications of
10.4.1.9 except that the rise thue of the signal shall be 30 ns + 0, - 2 ns, The combination of coaxinl cable
and MAU receiver introduce no more than 6 ns of edge jilter inta the system,

The focal Transmif and Receive Functions shall operate simultanevusly while conneeted o the mediom.

10.8.1.3 Collision Presence Function Requirements. The sipnal presented fo the Ul civenit in the
abaence of a collision shall be the IDL signal.

The signal presented to the C1 cireuit during the presence of a collision shall be the G830 signals encaded
as apeeified in 7.3.1.2. 'Fhis signal shall be presented to the CI cireuit no meore than 9 bit times afier the sig-
nal (that is, de average) on the conxial cable at the MAU equals or exceeds that produced by two (or more}
MAU putputs transmitting concurrently under the condition that the MAU detecting collision presence i
transmitting., Under no conditions shall the Colligion Presence Funetion generaie an ouipul when anly one
MAU is transmitting. A MAU, while not transmitting, may detect the presence of two other MAUs frans:
mitling and shall detect the presence of more than two other MAUs transmitting. Table 10-1 stspmarizes
the allowable conditions under which collisions shall be detecied,

The collision presence funetion may, in some implementations, be able 1o sense so ebnormal {for exam-
ple, open) mediom.

The use of MAUs in repeaters requires additional eunsiderations; see 10.4,1.6,

Table 10-1
Genevation of Collision Presence Signal

MAU Mumboers of Trangmittors
Transmitling <2 =3 >
Not Transmitting N Y ¥
May Y
Y = will penerate SQF message
N = will not generate SQE message

May = may generaie SQI messs

X

10.3.3.4 Jebber Funclional Reguiremenis. The MAU shall contain the capability as defined in
Iig 10-3 {0 interrupt a transmission rom a DO eireuit that exceeds n iime duration determined by the
MAUJ. This time duration shall not be less than 20 s nor more than 150 ms. If the irame being transmit-
ted continues longer than the specified time duration, the MAU shall inhibit {ransmission and assume its
not-transmitting state on the coaxial cable,

When the Trangmit Function has been positively disabled, the MAU shall then aciivale the Collision
Prezence Function without introducing an extraneous signal on the {runk coaxiz] medium. A MAU may
resel. the Jabber and Collision Presernce Functivns on power reset once the error condition has been
cleared. Alternately, a MAU may resef these functions antomatically afior a period of 0.5 5 £ 50%.
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(MAL TRANSMITTER
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@ SQE
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\
START UNJAB TIMER
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& dinablo_ driver

2 SOF
UGt
UNJAB WAIT
% dlseble_drivar output « {(unjob..
o 50F .
timar _not..done)
unjab_timer_.done

(Figrara 10-3 nutputs override those in Fig 10-2,
Optionn| sinles: START UNJAB TIMER, UNJAD WAIT

Fig 10-5
dabber Function State Disgram
10.5.2 MAU Interface Messoages

10.3.2.1 DTE to MAU Messages. The following messages can be sent. by the DTE Physical Layer
(PLS Sublayer) Entitics to the MAU Entities;
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Mensage Cireuit Signal Meaning
oufput DO CD, OD0 Ouiput information
gutput DL PO DL Mo daia to be output

10.3.2.2 MAU to DTE Messages. The {ollowing messapges can be sent by the MAU Physical Loayer
Enfities {o the DTE Physical Loyer Entities:

Message Circail Signal Meaning

input DI D1, ebo” Input information

inpnet_tdle I 1N No information to be input

mau_guvoilable CI DL MAU 15 available for eutput '
SQL CI CcE0 Brror detected by MAU

"It s assuntad that no rotiming of theee clocked data signals takes place within the Matl,

10.3.2.2.1 input Message, The MAU sends an input message to the DTE Physical Layer whew the :
MALU has a bit 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 en the Data In cireuit. The MAU sends CIH0 if the inpot bit is a zero or CD1 i
the input bit is & one. No retiming of the CDI or CDO signals lakes place within the MAU,

10.8.2.2.2 inpus_fdle Mossage. The MAU sonds an inpni_idle message to the DTE Physical Layer
when the MAU does not have data {o send {o the IYTE, The physie] realization of the inpuf_idle message
16 the IDL signal sent by the MAU to the DTE on the Data In circuit.

10.8.2.2.8 man_coailable Message. The MAU sends the mon_nveiloble message to the DTE Phys- {
ical Layer when the MAU is available for output. The man_vvailable niessage is always zent by a MAU 5
thal is always prepared to output datax unless the SQE message should be sent instead. Such a MAU does
not require mau_request Lo prepave ilself for data output. The physical realization of the mou_available
message is an IDL gipmal sent by the MAU to the DTE on the Control In cireuit.

10.8.2.2.4 signal_guality_error {5QE) Message. The SQE message shall be implemented in the
following faghion:

{1) The SOE message shall not be sent by the MAU i no or only one MAU is transmitting on the trunk
coaxial mediunt.

{2) If more than two remote MAUs are trangmitting on the Lrunk coaxial medium, but the MAU con-
nected to the local DR is not {ransmitting, thea the local MAU shall send the SQE message. In
every instance when more than one MAU is transmitting on the coaxial mediom, the MAU shall
malke the best determination pessible, It is acceptable for (he MAU tu (ail to send the 5QE mussage :
when it is unable to conclusively determine that more than one MAU is transmitiing.

{3y When the local MAU is transmitting on the trunk coaxial medium, all oecurrences of one or more {
additional MAUs transmitting shall enuse the SQE (o be sent by the Jocal MAU to its DTE,

{4) When the MAU has completed each output frame it shall perform an 8QE test sequence, Note that
MATls associated with repeaters shall not generate the SQE test sequence,

(5} When the MAU has inhibited the Tranemit 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 accurrence of the multiple-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. 1t is to ba neted
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that an extended delay in the removal of the BQE message moay adversely affect the access method
peviormance.

Tha physical reatization of the SGE message is the OB0 signal sent by the MAU {0 the D'EE physieal lny-
ora oy the Control In elreuit.
NOTE: The MAL it required to anserd the SO ot the sppropriote times whesever the 3AU iz powered and not just when the TR
physical layer is providing dots output,

1008 MAL Stale Diograms. The state dingrams, Figs 10-2 and 10-3, depict the full set of allowed
MATU state functions relative to the control cireuits of the DTE-MAU interface for MAUs without condition-
ing requirements, Messages used in these stale diagrams ave explained below:

enable_driver Activates the path employed during normal operation i cause the MAU fransmitter Lo
impress data onto the trunk coaxial medivm.

dignble_driven Deaclivales the path employed during nermal operation to cause the MAU transmitter Lo
impress data onte the trunk coaxial mediam,

no_caollision. Signifies thai the condition of mulliple transmitiers simulianesusly active on the trunk
coaxinl medium does not exist.

sollision. Signifies that the vondition of multiple transmitters simultancously active nn the trunk coaxial
medium does eyist,

frame_thmer. Measures the time the MAU transmits on the trunk coaxial cable.
test_thmer. Measures the lengih of the SQIE Test.
unjab_timer Measures the amount of Lime the MAU has been in Jab mode,

wail_timer. Measures the time between vutput idie and the start of the SQI Tesi.

10.4 MAU.-Medinm Bleetrical Chavacteristics

10.4.1 MAU-to-Coaxial Cable Interface. The following subsections describe the interface between the
MAU and the coaxial cable, Nepative current is defined as eurrent inte the MAU (out of the center condue-
tor of the eable),

10.4.1.1 Input Impedance. The shunt capacifance presented to the coaxial cable by the MAU cir-
cuitry (not including the means of attachment to the coaxial eable) is recommended to be not greater than
G pIt. The magnitude of the reflection from a MAU plus the cable connection specified in 10,6.3 shall not he
more than that produced by an 8 plf capacitance when measured by both a 25 ns rise thme and 25 ns {all
time waveform. The resistance presented o the coaxial cable shall be greater than 100 ki,
These conditions shall he met in both the power-off and power-on, not-transmitéing states,

10.4.1.8 Bigs Cuprrent. The MAU must draw {from the cable} betwesn +2 pA and - 25 pA in the power-
off and the power-on, not-lransmiifing states.

10.4.1.3 Coaxial Cabie Signaling Levels. The signal on the coaxial cable due to & single MAU as
measured at the MAUs transmitier output is composed of an ac component and an offset component.
Expressed in terms of current immediately adjacent to the MAL connection (just prior to splitting the cwr-
rent flow in each direction), the signal has an offset component (average de current including the elfects of
timing distortion} of from ~ 37 mA min to ~ 45 mA max and an ne component from 3 28 mA up to the offsct
value, o
‘The current drive limit shall be met even in the presence of one other MAU transmitter. The MAU shall
be eapable af generating at least 2.2 V of average de level on the coaxial cable in the presence of two or
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more olher MAUs transmitiing concarpently. The MAL shall, in addition, sink no more fhon 250 pa
whup the veltage on the center condtucloy of the cable draps to - 10V when e MAU i transimiifing.

The actual current measvred at a given point on the cable s & function of the ransmitted current and
_the cable loss to the point of measurement. Negative corrent ts defined as corrent out of the centor conduc
tor of the cable (into the MAUY The 10 - 90% vise/fall times shall be 25 4 5 ng at 10 Mb/s, The rise and fal]
simes mugt match within 2 ng. Figave 10-4 shows typical wavelorms present on e eable. Harmonic con-
tent generated from the 10 MHz fundamental periodic inpot shall meet the lnhlewing requivements:

Sacond and Third Harmonics: At least 20 dB below fundamental
Fourlh and Fifih Barmonics: AL least 30 dB below fundamental
Gixth ond Seventh Harmonics: Al least 40 dB below fundanienial
All Higher Harmoenics: At least 50 dB below fundamental

NOTE: Even harmonies are typically miuch lower.
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Pig 10-4

Driver Cuvrent Signal Levels

The above specifications concerning harmonics cannot he satiefied by a square wave with a single-pole
fitter, nor can they be satisfied by an outpnt waveform generator employing linear raanps witbout addi-
tional vaveshaping. The signals, as generated from the encoder within PLS, shall appear on the conxial

enble without any inversions (see Fig 10-5).
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MOTE: (1) Voltsges given are nominsi, for a single Lrspsmitior,
{23 Rize time is 25 ng nominel at 10 Mb/ rale,
{3) Voltagey nre messured on terminoted cosyinl cable adjavent Lo {rovwmitling BAT,
(4) Manchesler coding.

. Fig 10-5
Conxial Trank Cable Signal Waveform
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16414 Teansmit Cutput Levels Symmetey, Signsls recelved from the DO circnit must be trans-
mitied onto the conxial cuble with the characteristics spacifind in 104,13, Since the coaxial eable proceods
it two direciions from the MAT, the earrent into the MAU w nominally iwice the current measured on the
coaxial cable.

The output signal of 2 MAU meceting this specification shall oxhibit edge jitter of no more than 2.5 ng into
a 25 04 1% vesistor substituled for the conneclion to the ceaxial cable when the DO cireoit into the MAU
is driven with pseudo-random Manchester enceded binary data frem a data gencrator 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 introdues more than 2 ns of edge jitter into
the system.

The MAU shall vot transmif a negative going cdge affer cenzation of the CD outpul data stream or before
the first valid edge of the next frame.

16.4.0.5 Collision Betect Thresholds. For receive mode collision detection the MAU shall bave iis
vollision detection threshold set in the range ~1404 mV and -1561 mV. These limits take account of up Lo
5% collision detect filter impulse response. If a specific filter implementation has a higher value of impuolsc
response, the lower threshold limit of -1404 mV is requirved o be replaced by 1300 mV % [1 + impulse
responsel.

Receive mode collision detection indicates that a nontranzmitting MAU has the capability to detect colli-
sions when two or more MAUs are transmitting simultanesusly.

MAUs included with repeater sets arve 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.

NOTH: Tha above threshob) limits are measured at the eoaxial cable cenfor conducter with respect o the shicld at the MAL connes-
tor, The MAW desigoer must take info aecount circnit ofisels, low-frequency noise {for sxample, 59 Iz, 60 Hz), and § Bz ripple at
the filter eutput in determining the setnal internal threshold valoe and its tolerance.

18.4.2 AT Flectrieal Charaeferistics

10.4.2.1 Electricenl Isolation, The MAU must provide isolation between the DTE Physical Layer cir-
enits and the coaxial brunk cable. The isolation impedance measured belween any conductor in the DTRE
Physical Layer civenitry and either the center conductor or shield of the coaxial cable shall be greater than
250 kO at 50 Uz, 60 Hz. In addition, the isolation impedance between the DTE ground and the coaxial
cable shield shall be less than 15 Q beiween 3 MHz and 30 MHz. The isolalion means provided shall with-
astand 500 V ar, 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 AU source. The MAU shall be capable of operating from all permissible voliape sources as supplied by
the DTE through the resistance of all permissible AUI eables. The MAU shall not disrupt the trunk coaxial
medium should the DTE power source fall below the minimum operational level under abnormal MAU
load conditions.

The MAT shall be labeled externally to identify the maximum value of curvent required hy the device.
This requirement. only applies to MAUs that are external to DTEs,

10.4.2.3 Reliahility, The MALL shall be designed to provide an MTBFR of at least 100 000 hours of con-
{inuous operation withool causing ecommunication failure ameng other stations attached to the local net-
work medium. Component failures within ithe MAU electronics should not impede the communication
among other MAUs on the coaxial ealile, Connectors and other passive componenis comprising the means
of connecting the MAU to the coaxial cable shall be designed to minimize the prebability of tofal network
failure, :

i should be noted that a fault condition that causes a MAU fo draw in excess of 2 mA from the coaxial
cable may cause communication failure among other stations.
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10,43 MAU-DTE Elecirical Chaovacierigtios. If the AUT is exposed, ihe eleetrionl chrracioristios for
the driver and receiver compoenis connected between the DTE Physical Layer dreuiiry and the MAT
chall be identical with these as specified in Section 7 of this standard.

16,56 Chavacteristics of Coaxial Cable Bysiem. The truuk cable is of constant impedance, coaxial con-
struction. It is terminated at cach of the two ends by a terminatoer (sce 10.6.3), rtnd provides the trapsmis-
gion path for connection of MAU devices. Coaxial cable connectors are used to mako the connection from
the rable io the terminators and between cable sections. The cable has various electrienl and mechanieal
requiremenis that shall be met to ensore proper operation,

10.5.1 Coaxial Uable Electirical Parameters. The parameters specified in 10.5.1 are met by calle
types RG 58 AU or RG 58 G/

10.5.1.1 Characteristic Impedance, The average characteristic cable impedance shall be 50 & 2 0,
Periodic variations in impadance along a single piece of cable may be up 1o £3 £ sinuseidal, centered
around the average value, with & peried of less than 2 m.

10.5.1.2 Altenuaiion, The attenuation of & 180 m (600 i1) cable segment shall not exeeed 8.5 d33 mea-
asured ab 10 MHz, or 6.0 dB measuved at 5 Mz,

10.5.1.3 Velocily of Prepagalion, The minimum required velocity of propagation is 0,65 ¢,

11.6.1.4 Tdge Jitier; Entire Segment without B'TEs Attached, A coaxial cable segment meeting
this specifieation shall exhibit edge jitter of no more than 8.0 ns in either direction at the receiving end
when 185 m (600 fU) of the cable is terminated at both ends with {erminators meeling the impedance
requirementis of 10.6.2.1 and is driven at one end with pseudorandom Manchester encoded binary data
from a data generator that exhibits no mere than 1.0 ns of edge Hiter in either direction on half bit cells of
exactly Yy BT and whose oulpul meets the specifications of 10.4,1.3, except that the rize time of the signal
must be 30 ns + 0, - 2 ns, and no offsct component in the output current is required. This test shall be con-
ducted in p noise-free environment. The above specified component iz nat to introduce more than 7 ns of
edge 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 algo to minimize the generation of interference by the
medium and related signals. While the cable construction is not mandated, it is necessary to indicate a
measure of performance expected from the cable component. A cable’s EMC performance is determined, to
a darge extend, by the {ransfer impedance value of the cable.
The transfer impedance of the cable shall nol exceed the values shown in Fig 10-G as a function of fre-
quency.

10.5.1.6 Cable DC Loeop Resistance. The som of the center conductor resistance plus the shicld
resistance measured at 20 *C shall not exceed 50 m{V/m,

10.5.2 Coagial Cable Physieal Parameters

16.5.2.1 Mechonieal Requirements, The eable used should be suitable for vonting in varinus envi-
ronments, including but not Hmited {o, dropped ceilings, raised floors, and eable ironghs as well as
throughout open floor space. The jackel shall provide insuviation hetween the eable sheath and any building
siructural metal. Also, the cable shall be capable of aceepting coaxinl cable connectors, described in 10.6.
The cable shall conform to the following requiremonts,

11L5.2.1.1 General Construciion
{1} The coaxial cable shall consist of a center conductor, dielectric, shield system, and overall insnlating

jacket. .
(2} The conxial cable shall be sufficiently flexible to support a bend radius of 5 em.
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Fig 106
Maxtmum Coaxial Cable Transfer Impedonce

10.5.2.1.2 Center Conductor The center conductor shall be stranded, tinned copper with an over-
all diameter of 0.89 mm + 0.05 mm.

10.5.2,1.3 Dieclectric 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,

140.5.2.1.4 Bhielding System, The shiclding aystem may contain both braid and foil elements suffi-
eient to meet the transtor impedance of 10.5.1.5 and the EMC specifications of 10.8.2,
The inside diameter of the shielding system shall be 2.95 mm 4 0,15 mm,
The shiclding system shall be greater than 95% coverage. The use of tinned copper braid is recoin-
moended to moet the contaet resistance and shiclding requirements.

10.5.2.1.5 Overall Jocket

(1) Any one of several jacket materials shall be used provided the specifications of 10.5.1 and 10.5.2 are
met.

(2)  Either of twe jackef dimensions may be used for the two broad classes of materials provided the
gpecification of 10.5.2.1.1 are mel:
(a} Polyvinyl chloride {for ezxample, PVC) or equivalent having an 0D of 4.9 mm £ 0.3 mm,
{by Fluoropolymer (for exampie, FEP, ECTFE) or equivalent having an OD of 4.8 mm + 0.3 mum.

The cable shall meet applicable flammability and smoke eriteria to meet the locpl and national codes for
the installed envirenmeni (see 10.8.3).

Different types of cable sections (for example, polyvinyl chloride and fluoropolymer dielectric) may be
interconnected, while meefing the sectioning requirernents of 10.7.2.1.
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10.5.2.2 Jacket Mavking, It is recommernided that the vable jneket be marked with monuofaciurer and
type al o nominal {reguency of at least once per meter along the cable,

10.5.8 Total Begment DT Loop Hesiztonce. The swu of the centor conductor, connectors, aud shickd
resistance shall not exceed 10 © tolal per segment. Bach in-line connector pair or MAU shall cimtribuic no
more than 10 mi.

As a trunk coaxial cable sepment consists of several eable sections, all connectors and interanal rosistance
of the «hield and center conductor shall be included in the loop resistance measurement.

10,8 Coaxial Tyrunk Osble Connectors. The trunk conxial medium requires terminalion and is parfi-
tioned into sections. Devices to be atiached {o the medium require a means of connection to the mediunm,
This means is provided by a BNC “T" adapter, as shown in g 10-7.

SINGLE MOULDING
SNAPR GLOSE BODY

Y ) g
,}‘f/f \‘ﬁ W _?’ fq_____//’/:/
T

¥

T

» FLYING COVER TO INSULATE
FAALE “T* CONMECTOR WHEN
WITHDRAWN FROM DTE

INSULATING COVER

(Tutorial only and not part of the standard.)

Fig 10-7
Examples of Insulated Conneclor Cover

The BNC connectors shail be of the 50 £2 constant impedance type. High-quality versions of these connec-
tors (per 1EC 169-8 [4]) are recommended in order to meoet de loop resistance and reliability considerations,
All of the ceaxial connectors shall follow the requirements as defined in 10.6.3.
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1046.1 In-Line Coaxial Extension Convectow, All condal cables shall be ierminated with BNC plag
connoctors. A means shall be provided to ensure that the connoctor shell (which connects {0 the cable
sheath) does not make contact with any building metal (at ground potential) or other unintended conduc-
tor.

An insulating sleeve or boot slipped over the connector at installation time is suitable,

In-line coaxial extensions shall be made with BNC receptacle-to-receptacle connactors joined together to
form one “barrel.” An insulating sleeve or boot shall also be previded with cach barrel assembly,

10.6.2 Coaxinl Cable Terminator

10.6.2.1 Conxial cable terminators are used to provide a termination impedance for the cable equal in
value to its characteristic impedance, thereby minimizing reflection from the ends of the cables. Termina-
tors shall be packaged within a male or female connector. The termination impedance shall be 50 Q + 1%
megsured from 0-20 Mz, with the magnitude of the plhase angle of the impedance not to exceed 5°, The
ferminator power rating shall be 0.5 W or greater, A menns of ingulation shall be provided with each termi-
nator.

10.8.3 MAU-to-Cosxial Cable Conneciion. A BNC “I" (plug, receptacle, plug) adaptor provides a
means of attaching a MAU to the coaxial cable. The connection shall not disturb the transmission line
characteristics of the cable signifieantly; it shall present a low shunt capacitance, and therefore a negligi-
bly short stub length. This is facilitated by the MAU being located as elose fo its cable connection as possi-
ble; the MAU and connector are normally considered to be one assembly. Long (greater than 4 em)
connections between the coaxial cable and the input of the MAU jeopardize this ohjective.

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

The design of the connection shall meet the electrieal requirements 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 ensure 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 conduc-
tors, An insulaling cover should therefore be appliad after connection, A possible design is depicted in
Fig 10-7. The insulating cover should have these characteristics:

{1) Ii should guard against aceidenta!l 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 physical trans-
mission system, These revolve mostly around maximum eable lengths {or maximum propagation times), as
these ean affect critical time values for the C5MA/CD access method. These maxima, in terms of propaga-
tion times, were derived from the physical configuration model described heve. The maximum configura-
tion is as follows:

{1} Atrunk coaxial eable, terminated in its characteristic impedance at each end, constitutes a conxial
segment. A coaxial segment may contain a maximum of 185 m (600 ft) of coaxial cable and a maxi-
mum of 30 MAUs. The propagation velocity of the coaxial cable is assumed to be (.65 ¢ minimum {c
=3 % 108 nys). The maximum end-fo-end propagation delay for a coaxinl segment is 950 ns.

(2) Repeater sets are required for segment interconnection. Repeater sets cccupy MAU positions on
coaxial segmenis 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 MAUs iz limited by the number of
repeater sels that can be connected in series (that is, four). The magimum number of segments con-
nected in series is therefore five (Fig 10-8), which shall consist. of no more than three tapped coaxial
segments; the remainder shall be Hnk segments as defined in 8.6.1.
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Fig 10-8
Maximum Transmission Path

NO'TE: Care sheuld be taken fo ensure that the safely requirements sre met when extending the trunk cable by the use of
repeaters (see 10.7.2.5%

(4} The transmission system may also confain segments comprising trunk coaxial eable specified in
Section 8; however, these shall be attached by repeater sets. As such a combination of segments is
capable of achieving longer lengths than (3} above, the maximum configuration then becomes lim-
ited by propagation delay, Type 10BASE2 segments should not be used to bridge two Type LOBASES
segments.

TFigures 10-9, 10-10, and 10-11 show transmission systems of various types and sizes to iltustrate the
houndary conditions on topologies generated according to the specifications in this section.

COAUAL CABLE SEGMENT

—> {30 1A
PER SEGMENT)

5 {185 METERS IAMIMUM) >
COMIAL GRELE
o 555
WA & CONNECTION
STATION TO COAXIAL CABLE

Fig 10-2
The Minimum System Cenfiguration

10.7.2 Teansmission Bystem Requirements

10.7.2.1 Cable Sectioning, The 185 m (600 {t) maximum lenglh eoaxial eable segment will be made
from a number of cable sections. As the variation on eable 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 between MAUs
fand 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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10758 MAU Placement. MAU components and thelr sssocinted connections 1o the cable cosse sig-
nal reflections due to thoiy noninfinite bridging impedance. While this impedance must be implemented as
specified in 10,6, the placement of MALUSs aleng the conxinl cable must also be controlied to ensure that
refleciions {rom the MAU do et aceumulste to a significant degree,

Conxial cablo scetions as specified in 10,721 shall he uged to connect MAUs, This gnaranices n mini-
mum spacing between MAUs of 0.5 m.
The inolal number of MAUs on a cable segment shali not execed 30.

10.7.2.3 Tronk Cable System Earthing, The shield conductor of each coaxial cable segment may
make electrienl contact with an effective earth reference’® at one point and shall not raake clectrical con-
tact with earth elsewhere on such objects as building structural meial, ducling, plumbing fixture, or other
unintended conductor. Insulators should be nsed Lo cover any conxial connectors used to join cable sceiions
and terminators, to ensure thal this requirement is met, A sleeve or bool attached at insiallation time is
acceptable, (See 10.6.3.)

10.7.2.4 Static Discharge Path. A static dischaoge path shall he provided. The shield of the trank
conyial cable is required to he connected fo each DTE earth (within the DTE) via a 1 M, 0.25 W resistor
that has a voitape rating of at least. 750 V de,

10.7.2.5 Installation Brvivenment, This specification is infended for netwarks in use within a sinple
building and within an area served by a single low-voltage power disiribution system. Applications requir
ing interplant connections via cxternal (outdonrs) means may require special considerations, Repeaters
and nonconducting IRL components may provide the means to satisfy these isolation requirements.

NOTIS: The reader is advised tatl devices shuuld sol be eperated of significantly different frame potontiniz, The HBASE? connoetion
system may nal be capable of hondling excessive earth currents.

10.8 Bnvironmentsl Specifications

108.1 Safety Requivements. The desipner should consult relevant local and aational safely vegula.
tions to assure comphonce with the appropriate standards (for example, see Appendix A for reference
material).

140.8.1.1 Instaliations. If the trunk coaxial cable is to be installed in cloze provimity to electrical power
cables, then installation practice according to loeal and national code shall be followed {see Annex {or
resourer material), '

10.8.1L.2 Barthing, Where carthing is mandated by lacally or nationally preseribed codes of practice,
the shield of the trunk coaxial cable shall be cffectively eartbed at only one point slong the length of the
cable. Effectively earthed means permanently connected to carth through an earth connection of suffi-
ciently low impedance and having sufficient ampacity to preveni the building up of veltages that may
result in undue hagzard o connected equipment or to persons.

10.8.2 Blectromagnetic Bavironment

16.8.2.1 Susceptibility Levels, Sources of inter{erence from the environment include elestiromap-
netic Hields, elechrostatic discharge, transient voltages between earth conneclions, eic,
Beveral sources of interference will contribute to voltage buildup between the conxial cable and the earth
connection of a DTE,
The physical channel hardware shall meet ils specifications when operating in either of the following
condifions:

(1) Ambient plane wave field of 1 V/m from 10 kl1z through 1 GHe.

NOTE: Levels typieally »'F km from broadenst stations,

Y3ee local or nations regulations for guidance on these matters and roference 14191
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2) Interference source voliage of 15.10 V peak 10 M1z sine wave with « 50 2 source resisiance upplied
between the coaxial eable shield and the DTE ground connection.

MAUs meeting this standard should provide adequate RIF ground relurn (coaxial cable shield to DTSR
ground) to satisly the referenced BMC specifications.

10.8.2.2 Emission Levels. The physical MAU and trunk cable system shall comply with loesl and
national regulations (see Annex for resource material).

10.8.9 Regulaiory Requiremnents. The MAU and medium should consider IEC 435 in addition to tocal
and national regulations. See references [6] and [A12].
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11, Breadband Medivm Altpchment Unit and Broadband
Medium Specifications, Type 10BROADSE

11.1 Scope

11.1.1 Overview. Thiy section defines the functional, electrical, and mechanical characteristios of the
Broadband Medium Attachment Unit (MAU) and the specific single- and dual-cable broadband media Jor
use with local aren networks. The headend frequency translator for single-cable broadband systems is also
defined. The relationzhip of this specification to all of the IEEE Local Area Network standards (TREE 502)
iz shown in Fig 11-1. Repeaters as defined in Section 9 are not relevant for 10BROADS6.

o8 CE LAN
REFERENG
MODEL G&ﬁgfgg
LAYERS
APPLICATION © HIGHER LAYERS
PRESENTATION LLG
/) LOGICAL LINK CONTRGL
/
MAC
SESSION f" MEDIA ACCESE CONTROL|  %-.DTE b (g
/ PLS m%ﬂm‘
- no
TRANSPORT ;7] PHYSICAL SIGNALING
/ o
’ o, - !
NETWORK / :
A4 —a Al
’ :
DATA LINK / .
e AU
PHYSICAL |
e Y

AUl = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT

MO = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUK ATFACHMENT

Fig 11-1
Physgical Leyer Partitioning, Relationship to the 130 Open Systems Interconnection
(OBSI) Reference Maodel

The purpose of the MAU is to provide a means of attaching devices to a broadband lecal network
medinm, The medium comprises CATV-type cable, taps, connectors, and amplifiers. A coaxial broadband
system permits the assignment of different frequency bands to multiple applieations. For example, a band ;
in the spactrum can be utilized by local area networks while other bands are used by point-to-point or mul-
tidvop 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 transmission from the MAU is at a car
rier frequency fl. A frequency translator for remodulator) located at the headend up-converts to a earrier
frequency 12, which is sent in the forward direction to the taps (receiver inputs). On a dunl-cable system
the transmit and receive carrier frequencies are identical (both 1) and the MAU connecls Lo the medium
via two taps, one on the receive cable and the other on the transmit cable. The transmit and receive eables
are connected to each other at the headend location. Figure 11-2 shows broadband single- and dual-cable
systemns.
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Fig 11.2
Broadband Cable Systems

The broadband MAU operates by accepting data from the attached Data 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 RF signal and recover
the DTE data. The broadband MAU emulates a baseband MAT except for delay bebween transmission and
recaption, which is inherent in the broadband cable system.

A transmitting MAU logically compares the beginning of the received data with the data transmitied.
Any difference befween them, which may be due to errors caused by colliding transmissions, or reception of
an earlier transmission from another MAU, or a bit error on the channel, is interpreted as a eollision.

When a collision is recognized, the MAU stops transmission in the data band and begins transmission of
an R eollision enforcement (CI8) signal in a separate CIL band adjacent to the data band. The C8 signal is
detected by all MAU= and informe them that a collision has ocenrred. Al MAUs signal to their attached
Medium Access Conirellers (MACs) the presence of the collision. The transmitting MACs then begin the
collision handling process.

Collision enforcement is necessary because RI' dala signals from different MAUs on the broadband eabls
system spay be received at different power levels. During a collision between RE data signals at different
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levels, the MAU with the higher received power level mny see no errovs in the delected data steeosm, How
ever, the MAT wiih the lower R signal will sce a differenes bofween transmitted ond received daia: this
MAL trausmits the CE signal Lo furee recogition of the colliston by ol trossnditing MAUs,

LA Drefimbions

Attachment Unil Interface (AUD. In a loeal ares network, the interfaee hetween the medium attach-
ment unit and the DTE within a data station. Note thal the AUL carries encoded signals and provides for
duplex data transmission.

Binary Phase Ehift Keying (Binary PEK or BPEK). A form of modulation 1 which binary data are
transmilied by changing the earvier phase by 180 degrues.

Broadbavd LAN. A Local Arvea Network in which information is transmitied on modulated earriers,
allowing coexislence of mulliple simuitaneous services on a gingle physical medivm by frequency divigion
muitiplexing.

ATV Type Broadband Medium. A broadband system comprising coaxial cables, taps, splitiers, amplifi-
erg, and connectors the same as these used in Community Antenna Television (CATV) or cable television
installations.

Channel. A band of frequencies dedicaled 1o a cortain serviee transnmitied on the broadband medium.

Lomsinl Cable. A fwo conductor, concentric (renter canduetor and shield), constant impedance transmis-
sion line.

Continvous Wove (CWh A carrier thut i nei modulaied or switched,
dBmV. Deethels referenced to 1.0 mV on 75 €, uvsed to define signal levels in CATV4ype broadhand
avatoms.

Beop Coble, The small diameter flexible coaxial cable of the broadband medium that conneets fo a
Medivm Access Unit (MAUY See Trusnlk Cable.

Group Delay. The rate of change of total phase shift, with respect, to frequency, through a component or
systom, Group delay variation is {he maximum difference in group delay over a band of frequencies.

Headend. The localion in o broadband system that serves g3 the root for the branching tree comprising
the physical medium; the point to which alf inbound sigrals converge and the point from which all out-
hound signals ecmanate,

Juabber, A condition wherein a station transmits {or a period of time longer than the maximum permissible
packetl length, usually due to a fault condition,

Postamble. In the broadband Medium Atlachment Unit specified in this section, the bit paltern appended
after the Inst bit of the Frame Check Seguence; the Broadband End-of-Frame Delimiter (BEOFD).

Return Losg. The ratieo in decibels of the power reflocted from @ port to the power incident to the port. An
mndieator of inpedance matehing in a broadband system,

Seed, The twenty-theee (23) bits vesiding in the scrambler shift vegisier prior to the transmisgsion 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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Translation. In a single-cable system, the process by which incoming transmissions at ene frequeney are
converted to another frequency for outgoing Lransmission. The translation iakes place at the headend.

Truneation Less. In a modulated data waveforn, the power difference before and after implementing the
filtering necessary to consirain its speckrum to a specified frequency band,

Trunk Cable. The main (Jarge-diameter) cable of a broadband coaxial cable system. See Drop Cable.

I3 MATU and Medium 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 mediam,

{2) Provide a broadband Medium Attachment Unit (MAU) that is compatible at the Attachment Unit
Interface (AUI) with DT¥Es used on a baseband mediam.

(3) Provide a broadband MAU that emulates the baseband MAU except for the signal delay from Cir-
cuit DO to Cireuit DI

{4) Provide a broadband MAU that detects collisions within the timing constraints specified n the
baseband case,

(5) Provide a broadband network diameter na less than 2800 m.

(6} Provide a broadband Physical Layer that ensures that no MAU i allowed to captore the medivm
during a collision due to signal level advantage (that is, ensures {airness of the physical layer).

(7 Provide a broadband MAU that detects collisions in both receive and transmit modes.

(8) Provide a broadband MAU that requires a transmission bandwidth no wider than 18 MHz.

{9) Define a physical intevface that can be implemented independently among different manufacturers
of hardware and achieve the intended level of compatibility when interconnected in a eommaon
hroadband local area network.

(10} Provide a communication chamnel capable of high bandwidth and low bit error raie performance.
The resultant mean bit error rate at the physical layer service interface should be less than one part
in 10% {on the order of one part in 10? af the link level) in a worst-case sipnal-to-noise ratio of 26 dB.

(11) Provide a broadband medium physical 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 coaxinl 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 funectional 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 cireuitry within the MAU in an application-
dependent manner provided the MDI and AUT specificalions are satisfied, Subsystems based on this speci-
fication may be implemented in several different ways provided compatibility at the medium is main-
tained, It iz possible, for example, to design an integrated station where the MAU is contained within o
physical DTE system component, therehy eliminating the AUI cable,

11.1.5 Relationship to PLS and AUL The broadhand MAU and cable system specifications are closcly
related to Section 7 (Physieal 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 See-
tion 7.

11.1.6 Mode of Operation. In its normal mode of operation, the MAU functions as a direct connection

between the DTE and the broadband medium. Data from the DTE are transmitted onto the broadband
coaxial system and all inband data on the coaxial cable system is received by the DTE. This mode is the
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mode of operation for the intended message traffic between stations. Other apernting modes, such as a
loopback mode or a monitor mode, may be provided but nre not defined by this standard.

11.%2 MAU Functiounl Specifications

112, MAU Functional Reguirements, The MAU component provides the means by which sigmals on
the physically separate AUI signal circuils to and from the D'T'E 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 te 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 DTE in a
band-limited modulated RF carrier form, to one or more remote DTTs on the same network.,

(2) Receive Fanction. The ability to receive a modulated RF data signal in the band of interest from the
broadband coaxial medium and demodulate it into a serial bit stream.,

(3) Collision Presence Function. The ability to detect the presence of two or more stations’ concurrent
transmissions.

(4) Jabber Function. The ability of the MAU itself to interrupt the transmit function and inhibit an
abnormally lang cutput data stream.

11.2.1.1 Transmit Funetion Reguiremenis. 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 encoded data received on Civenit DO to produce NRZ (Non-Return to Zero)
dala and a recovered clock signal.

{3) Scramble the NRZ data using a CCI'TT V.28-type scrambler with seed changed on each transmitted :
packet,

{4) Transform the incoming bits (prior to 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 (SID), and data frame; and append an unserambled pos-
tamble (Broadband Bnd of Frame BDelimiter [BEOFD).

{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.

{7y Drive the coaxial cable with the modulated RT signal.

Fipuye 11-3 functionally represents these capabilities. The order of the functional blocks may be altered
provided thal the resulf is the same.

MANCHESTER FRAME DIFFERENTIAL
AUE e~ "RESODER [P REFORMATTER [~|  ENCODER “l
BAOADBAND
CAXIAL
| MODULATOR #| SAVER |—® CABLE
SYSTEM
, Fig 11-3
Transmit Function Requirements
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11.2.1.2 Beceive Function Heguivements, The vecoive function shall include the followng:

(1} Ruocetve the differeptiinily encoded bipary PSE modylated BF seand fren the broadband conxial
medium,

(2} Receive the data band R signels and roject signals in bands other than the data band trejoction of
signals in the adjacent collision enforcement band is oplonagl).

{3} Demodulate and differentially decode the incoming REF data signal from the coaxial medivm to pro-
vide g receive bit stroam that represents the serambled bit strean: at the transmitter.

(4) Descramble the reegive bit stream using a self-synduonizing deserambler,
ib) Manchester encode the descrambled bit stream,
(G} Send to the DTE, using Circunit DI (receive data paic), an additional, loeally-generaled, Manchester

encoged preamble equal to the number of preamble bits lost in the receive data path (plus or minus
one bit}, followed by the Manchester encoded bit stream. No morve than § preamble bits may be lost
frum the preamble presented Lo Cirenit DO at the travsmiléing MALL

(73 Detect end of frame, using the postamble (BROFD, and ensure thal noe extraneons bits are sent to
the DTE on Circuit DI

(8} Receive sipnals in the collision enforcement band and reject sigmals in the data band and all ofher
bands on the broadband medium,

11.2.1,3 Collision Deteciion Funciion Heguirements, The MALL shall perform the bllowing fune-
itons to meet the collision detection requirements:

(1) Store the scrambled bits (not differentially epcoded) in the iranamit section through to the Jast bit
in the source address.

(2) Deteet the UMD in the transmit and receive paths.

{(3) Compare received scrambled bits afier the received UMD with transmitted scvambled bits affer the
transmit UMD threugh to the last bil 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 & UMD in a normally
received (no collision) packet.

(5} Iinter a LOCAL COLLISION DETection state il one of the following occurs:

(a) A bit errvor is found in the bit compare process through the last bid in the souree address,

(b)Y The Receive UMD Timer expires hefore a UMD is detected in the received bit stream.

{cy The MAU receives the owipid (that is, transmit) signal from the AUI AFTER having received
an RF signal from the cosxial cable,

(G) Upon entering the LOCAL COLLISION DET state, cease transmission in the data band and com-
mence transmission in the collision enforcement band for ag fong as the DTE continues to send daota
to the MAU.

(7). Upon entering the LOCAL COLLISION DET state send the signal quulity error (8QIEY moessape on
Cireuit CI (eollision presence pairt using the CE0 signal for as long as RF signals are detected on the
broadband coaxial medivw in either the data or collision enforcement bands,

{8) Delect power in the collision enforcement band and send the SQI message on Girewil CT using the
C20 signal. Send the SQE messapge for as loag as cnergy is delecled in the colliston enfurcement
band.

(%) Ensure that during collisions, due to phinse cancellotions of the colliding carviers, Civenit DY doos
nof become inaciive before Cireuit CI becomes active,

{10} Test the collision detection cireuitiy following every transmisgion that does not encounter g colli-
ston. This test consists of bransmilling a burst of eollision enforcement RIP signal after the end of the
postamble transmission and deteeting this burst on the receive side. If the burst is deiccted, the
S0 (BR)Y signal is sent on Clreuit CT of the transmilting MAT.

11.2.1.3.1 Collision Enforveement Transmitier Heguiremenis, The MAU shall provide a eollision

enforcement (CE) transmilter thai generates a constant amplitude RF signal in the CE band at the same
power level as the data signal postamble.

188

CISCO 1022
Cisco v. ChriMar




EOAT
CEMARLD ANSHIBEE Sudang s,

- TG
iiinm

1.2.1.3.% Collision Enforccinent Detection Hequiremenis, The MAU shell detect energy iy the
CE band thal is within the speeificd range of receive levels, teveapeetive of the sivnal power lovel in the
data band.

11.2.1.4 Jabber Function Reqguirements, The MAU shall have a jabber function that inhibits irang-
migsion onto the ceaxial cable interface H the MAU altenepts to tromsmit an R signal longer than 150 s,
The MAU shall provide an MTBF of at least ¥ million honrg of comtinuous aperation witheut vendering the
transmission meditm unusable by other transceivers, Transmissions of less then 20 ms shall not be
affected. When the jabber civeuit is activated, signal_gualidy_error shall be gent on Cirenit C1.

Circuit BO shall alse be monitored for transmissions in excess of the maximum packet length, If the
packet is lenger than 20 ms, an attempt shall be made to deactivate the teansmitter before the jabber cir-
cuitl s activated, to avoid locking up the unit due to a non-MAU failure,

State diagrams defiming the jabber function may be found in 11.2.3.

122 DTE PLE fo MAU and MAU to DR PLS Messages
11.2.2.1 D'TE Physieal Layer to MAU Physieal Layer Messages. The following messages ean he

sent by the DTE Physieal Layer Entities to the MAU Physical Layer Enfitios (rofer {0 7.2 of this standard
for the definitions of the signals):

Muossage Circuit Bignal Meaning
outpui no D1, CHo Output information
autput_idle DG IDL No date 1o be output

11.2.4.2 MAU Physical Layer 1o DTE Physical Layer Messages, The [ollowing messages can be
gent by the MAU Physical Layer Entities to the DT Physical Layer Entities:

Meszags Circuit Signal Meaning

inpuf m-“m-b_l—" | D1, CDo Input infermation “ o
inpui_tdle )8 P No mput information
nau_availalle ClI D1, MAU is available for outpuf
signal _guoatily_error Cl CE0HEBIY Error detected by MAU

11.2.28.1 input Message, The MAU Physical Layer sends an fnpui message to the DTS Physical
Layer when the MAL has a bit of dada to send to the DTE, Thoe physical realization of the input message is
a CDO or CD1 sent by the MAU to the DTE on Civeuit D The MAD sends CDO if the input bit is a zero or
CD1ifthe input bit is a one, The jitter and asymmetry on CD0 and CD1 shall be no more than thai speci-
fied in 7.5.2.1.

11.2.2.2.2 input_jdle Message, The MAU Physical Layer sends an impui_idle message to the DTE
Physical Layer when the MALU does not have data to send to the DTE. The physical realizatian of the
fnpal_fefle message is the IDL signal sent by the MAU to the DTE on Civenit DI,

11.2.2.2.3 mau_gvaileble Message, The MAU TPhysical Layer sends a man_wvailable message to
the DTE Physical Layer when the MAU is available for outpul. The mau_geailable message is always sent
by an MAU that is prepared to output data. The physieal realization of the moe_gveilable message 1 an
1DL signal sent by the MAU {0 the DTE on Cireuit C1,

11.2.2.2.4 signal_guality_errvor Wessage, The signal_guelily_error message shall be implemented
in the foliowing fashion:
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(1) The signal_guality_error (SQE) meseage shall not be sent by the MAU if no or only pne MAU is
transmitbing a legal length packet (as specified in this standard! on the coaxial medinm, except as 5
part of the SQE self test.

(2) If the MAU connected to the local node is not transmitting, then the local MAU shail send the sig-
nal_gquolity_error message in every instance when il detects power in the collision enforcement
bhand earlier than the time equivalent for reception of 2 512 bit data frame plus preamble and SED.

(3} When the local MAU is transmitiing on the coaxial medium, all oceurrences of one or more addi-
tional MAUs transmitting shall cavse the signel_gualily_error message to be sent by the local MAU
to the attached DTE.

(4} When the MAU has completed a successful transmission of a packet it shall perform an S8QE Test
sequence. In this instanee, the collision enforcement R signal is interpreted as an SQE Test signatl,

1.2.3 MAU Staie Disgrams. The operation of the MAU during normal transmission and receplion can
be deseribed by a state diagram that relates the functions of transmission, reception, collision detection,
and collision detection testing, Figure 11-4, at the end of this subsection, shows the state transitions for
normal operation. Abnormal conditions are implementation-specifie.

The state diagram in [ig 11-4 does not describe the operation of the MAU in detail. This is found in 11.2
and 11.3,

The operation of the jabber function is described by the state diagran 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 these of the MAU state machine.

11.2.5.1 MAU Btate Biagram Messages. The following messages are used in the state diagram:

(1) disable_data_driver. Deactivates the mechanism by which the RF data signal is impressed onto the
coaxial cable,

(2} enable_data_driver. Activates the mechaniem by which the RFF data signal is impressed onto the
coaxial cable.

(3) disable CILE_driver. Deactivates the mechanism by which collision enforeement RIF signals are
impressed onto the coaxial cable,

(4) enable_CIE_driver. Activates the mechanism by which collision enforcemient RI' signals ave
impressed onto the coaxial cable.

(5) mau_aovailable. Signifies that the MAU is available for fransmission (that is, there is no SQR
active).

{6) signal_guality_error (SQE). Signifies that the MATUT has detected a collision, it has successfully com-
pleted the SQE Test sequence, or the jabber cireuit is active.

(7) start SQDE_test timer. Causes a timer to begin counting so that the 8QE Test signal may be sent to
the coaxial cable interface.

(8} positive_disable. Prevents any RF signal from being sent onto the coaxial cable.

11.2.8.2 MAU State Diagram Signal NMames, The signal names used in the state diagram are as
follows:

(1) TPowerOn. This sipnal signifies that power hag been applied to the unit,

{2) rx_energy. When this signal is active, an RIF signal on the coaxial cable hag 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. Bignifies that data from the DTE is being presented for transmission at the AUL

(4) tx_umd {Transmit Unscrambled Mode Delimiter). When the Unscrambled Mode Delimiter has been
detected in the transmit data sequence, this signal is asserted.

{6y rx_umd (Receive Unscrambled Mode Delimiter). When the Unscerambled Mode Delimiter has been
detected in the receive data sequence as it is conveyed from the coaxial eable interface, this signal is
asserted.

(6) SQE_test_timer This signal is on during the time that the SQE Test Timer 15 engaged. At the end of
the time, this signal is deaaserted.

(7) rx (Receive). As long as data is being presented by the MAU to Circuit DI of the AUI, this signal is
active. When the last bit of the receive data has been presented to the AUI, this signal is deasserted,
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(8) ced (Collision Enforcement Detection). RF signal power in the collision enforcement hand causes
this signal to be asseried.

©} ced_window (Collision Enforcement Detection Window). This signal defines a period of time (a “win-
dow”) during which collisions may oceur. Its puvpose is te distinguish collision enforcements from
SQI Teat sequences on the coaxial cable, The windew opens when rx_energy goes active and closes
a minimum of 365 bit times later. The maximuwm time the window may bz open is the minimum
frame length, plus preanble and 3FD: 576 bits.

(10) r_umd_timeout {Receive Unscrambled Mode Delimiter Timeout). It is possible that the Receive
Unserambled Mode Delimiter may be corrupted by a collision such that the bit-by-bit comparison
may not begin, This signal forces detection of a collision due to failuve to delecl the rx_umd within a
maximum time, The timeout begins upon receipt of RF signal in the data band and expives 32 bit
times later,

(11) tx_#_rx (Transmit Not Equal to Receive). Assertion of this signal occurs when a difference is
detected bebween the received data stream and the transmitted data stream.

(12) bhbw (Bil-hy-Bit Window). Bit-by-bit comparison shail be performed only for a time long encough Lo
guarantee that the last bit of the source address has heen 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 bils after the UMD,

(13) ced_gate. This signal is a gating function that serves to shape the timing of ced during an SQE Test.
1 becomes true a minimure of 6 and a maxitum of 16 bit times after the last bit has been presented
to Qircuit DI and stays active 10 4 § bil times,

{14) tx_energy. This signal significs that the MAU is allempting lo 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
continnously for timeoutl s. The value of timeocutl shall be greater than 20 ms and less than
timeout?.

(16) jab_timer. This signal turns on when ix 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 timeout! and less than
150 ms.
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MAU Jabber State Diagram

1.3 MAY Chavracteristics

131 MAU-to-Corxial 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 dua! unidirectional cables
with line amplifiers.

11.3.1.1 Receive Interface

11.4.1.1.1 Receive Input Impedance. The nominal input impedance af the receive port shall be
75 Q. The refurn loss within the data and collision enforcement frequency bands shall be at least 14 dB
with power applied to the MAU.

11.3.1L.1.2 Receiver Squelch Reguirements. There shall be a receiver squelch that inhibits recep-
tion of RF signals that are too low in level. This squelch shall permit recoption of RIF datn or collision
enforcement signals that are greater than or equal to ~7 dBmV rms as measured by the method of
11.3.1.2.5. RI" signals (data, collision enforcement, noise, or other signals) of levels lower than 15 dBmV
rms shall be ignored.
The receive squeleh for CIt signals shall be derived from a power detector with neise bandwidih greater
than or equal to 1.5 MHz centered al the CE center frequeney.

11.3.1.1.3 Eeceive Level Reguirements. The receiver shall operate with RF data and CE signals
having levels from ~4 dBmV to +16 dBmV rms. Thie nominal reeeive fevel shall be +6 dBmV rmas.

11.2.1.1.4 Receiver Selectivity and Linearity Reguirements. The MAU shall operate in the
presence of single frequeney (CW) signals adjacent {o the receive band of the MAU and offset from the band
edges, received at the following levels:

(1) 0dBmV rms at 0,25 MHz below and above the band
{2) 10dBmV rms at 1.25 MHz below and above the band
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The receiver shail be capable of operaling in a vable environment Inaded with TV signals (for exrmple,
every 6 Mz in the USA}L The TV signals shall be no higher than «10 dBmV peak video ai the receiver
conxial eable interface.

11.3.1.1.5 Beceive Input Meaechanieal Reguiramoents. The receiver mechanieal interface shall be a
75 (3 female F-series coaxial connector. The connection to the broadband medium ghall be through a coaxial
drop cable with a mating male I'-series 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 Gutput Impedance. The nominal cuiput impedance at the transmit port shall
he 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 Transmiited RF Poecket Format. Figure 11-6 shows the transmitted RT packet format.

11.3.1.2.3 Transmit Specirum and Group Delay Characteristics, The transmit RE data signal
shall be binary phase-ghifi-keyed (PSK) modulated and shall have a frequency spectrum equivalent to
haseband raised-cosine Nyquigt filtering witls a roloff factor (a} of 0.4, and within the limits of Fig 11-7.
Tor rectangular pulses, the filter characteristic is

rr"
wl'/2

STy

o wl/2 o2 (T [w I T dJD
HOw =4 Srwrrs 4 Tl

0<ww<%(1—a)]

il i = i /zr. - 8
[?(1_a}< v < g+ )l

o [w > =g+ a)}

where T = one symbel time {100 ns for 10 Mb/s) and a = 0.4, and the first term accounts for the sin x/x spec-
trum of NRZ random data.

The total variation in group delay from Circuit DO Lo the R coaxial medinm interface shall not exceed
20 ns in the frequency band from the carrier frequency to £ 5 MHz, and 32 ns to 4 5.5 MHz.

The collision enforcement (CIE) sipnal shall be a constant amplitude pulse with conirolled turn-on and
turn-oif times. Random modulation may be added to reduce the probability of eancellation when more than
one CE signal is received simultaneously. The modulated signal shall have an instantancous freguency
within 0,78 MHz of the CE band center frequency and shall conform to the speetrum mask specified in
11.3.1.2.4, The random modulation may be derived frem the ranamit NRZ data siream.

The CE signal rise and fall times shall approximate a Gaussian shape of the form:

where T = one symbol time and & < 0 {or the rise time and t > 0 for the (all time.
The OF and data RTF signals shall not be transmitted simullanecusly.

1.3.1.24 Transmit Qut-of-Band Bpectrum. The transmitied power outside the speeified band
shall meet or exceed the relative attenuation (RA) specified below, under the following conditions:

195
CISCO 1022

Cisco v. ChriMar




ISOVIEC 802 2 188

AMSHIEER Sd 8028, 1007 Edition LORCAL ANTIMETTRODVOLITAN ARFA NEPWORILS:
s AL AR e e e
DR
i“’ 62 MAY
i - §
. i ) SFD .
CAEUIT D0 | PREAMILE | i DATA FRAME
if {§ | !
35 4 3 el & 1o
24 BAX “"}aN?TEB” e 0§ ]
G L, NOIE 2
\ A e e —— \\
iitd B : S
o N AL \
LA 20-—-«9-» e A7 e e T
AN LAY, .. BEGIKNIKG OF S0F TEST
EHD GF SID FOSTAMBLE SIBHAL
Ui
__DEGHHING
OF 184D MOTES: 1 ALL HIMES BEASURED FROR

ZERD OF PHASE CHANGE OR

FROM 50% PONT OF

ENVELOPE EXCEPT AS DELOW.
2. KCASURED DETCRE Q085 FONT
3. ALL TINES N BITS

Fig 11-6
Packel Format and Timing Diageam (AUI to Conxial Cable Intorince)

(1} Transmitied packet length is 256 bits with a 25.6 ps interval betweon packats, tor 50% duty cyele on
the cabie,

(2} Reference level is an unmodulated carrier, cquivalent fo the posinmble fransmitted level.

(3) RAis the attenuation in decibels relative to the reference level outside the speeified band, measured
in & 30 kiz noise bandwidth with a video filter of 300 Hz bandwidth or less.

{4) B is 18 MIlz, the widlh of data plus collision enforcemment bands.

(8) MF is the measurement frequency in MHz,

{6y NCET is the frequency of the nearest cdge of the band, in MHz.

RA = min (63,55 + 30 %|( M- NCEF) / B)

Figure 11-8 graphically shows the atfenuation requivement for out-of-band power

1.3.1.2.5 Transmit Level Heguirements. The transmitter output power during the postamble
and during the 5QI Test of the eollision enforcement signal shall be 1000 mV peak-to-peak into a 75 Q load
{81 dBmV rms). Truncation loss dune to the specified data filtering iz 1 dB; transmiltted RY data sipnal
power is 50 dBmV rms. Transmit oulpul power variations shall not exceed + 2 dB.

13126 Nonbransmitiing Sigaal Leshkapge Reguivement. The RFP data signal and coliision
enforeement signal leakage to the conxial cable interface while the MATU ig not in ils transmission mode
shall be less than ~20 dBmV rms.

.32 Transmit Spurious Quiput Hequirement, All spurious signals from the transmifter
{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 shalt be below the spectrum mask
specified in 11.3.1.2.4.
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Transmit Qubtof-Band Power Altenustion

11.3.1.2.8 Collision Enforcement Signal Leakage Requirement. The collision enforcement RF
signal leakage to the coaxial eable during data transmission and while the MAU is not enforcing collisions
chall be less than & dBmV rms. Leakage chall be less than -20 dBmV rms when the MAT is not in the
transmission mode. _

11.8.1.2.8 Transmit Qutput Mechanieal Reqguivemenis. The transmit mechanical interfzce shall
be o 75 © femate F-series conxial connector. The connection to the breadband medium shall be through a
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aoaxial drop cable with a mating male F-gories connector. For single cable instollations, the same conneelor
may be used for transmit and veceive.

11.3.2 MAU Freguency Alloeations. The broadband MAU uses o data band 14 MHz wide and an adja-
cent collision enforcement hand 4 MHz wide. A single cable midsplit configuration with a frequency offset
of 156.25 MHz or 192.25 MHz between forward and reverse channcls is recorumended, Other configura-
tions, including dual-cable, where forward and reverse channels ave on sepoaraie unidirectional eables, also
are permitted.” The preferred pairing for the usual North American 6 MHz channels is specified in Table
11.2-1 and Table 11.2-2. The tables also specify the data carrier or collision enforcement center frequency
for each band, and for single-cable systems, the frequency transiation and the headend local oscillator
freguency.

11.3.2.1 Single-Ceble &ystoems 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 hands, as the lower side-
band is used.

11.3.2.2 Dual-Cable Systems Freguency Alloeations.” In nontransiated dual-eable systoms trans-
mit and receive frequencies are identical, Table 11.2-2 lists the permissible frequeney band allocations, In
some instances franslated dual-cable systems are instalied. In such cases the single-cable frequency alloca-
tions may be used.

Table 11.2-1
Single-Cable Frequency Alleeations (Freguencies in MEz)

TRANSMITTER RECEIVER

Translation Translation

156.26 MHz 192,25 M1z
Data Coll Enf Transmit. Headend Receive Hendend Receive

Cayrier Center Freqg Band Leeal Ose Band Local Osc Band

43 52 35.15-54,75 245.75 192-210 182,25 228-246
49 a8 41.76-58.76 267,76 198-216 192.25 234-262
556 G4 47,75-65.75 269,75 204.222 182,25 240.258
+G1 70 53.75-71.75 28175 2106-228 192.25 246264
G7 15 58.75-T1.15 203.75 216-234 192.25 282270
T3 az 66.76-88.75 305,75 222.24(1 192,25 258210

NOTES: (1) Some of these optional bands are overlapping.
{2) Frequency tolerance of the data earrier and headend loeal oscillator shall each ba 2 25 kHe.
(3) + denotes the preferred frequency aloeation,

11.3.2 AUT Blectrical Characleristics

11.3.3.3 Tlectrieal Isolation Hequirements., The MAU maust provide isolation belween the AUZ
cable and the broadband coaxial medium. The isolation impedance shall be greater than 250 kQ at 60 Hez,
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 be able to withstand 500 Vae rmis for
one minuote.
The MAU power supply, if provided, shall meet the appropriate national requirements, Sce Reference {8}
for guidance,

*The remainder of 11.3.2 nnd all of 11.3.2.1 and 11.3.2.2 are not purl of the IS0 standard. Frequeney nlloentions are a zubject for
natiopal standardization.
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Table 11.2-2
PBuni-Cable Freguensy Allocstions (Frequencies in MHz)

Dita Coll Bnf Daia Coll Enfl
{orrler Center Frag Bang Band
43 52 306-H0 50-54 -
49 58 4256 B 60
55 64 4842 G2-B66
+61 70 4GB GE-72
67 T8 60-T4 T4-T8
73 g2 46-80 30-84
230,25 244,25 208242 242246
241.26 250.25 234-248 2458-252
247.25 256.25 240-254 254-258
253.25 264.25 246-260 260-264
258,25 2068.26 252-266 266-270
265.25 274.25 268392 272276

NOTES: (1) Some of these optional bands are overlapping.
{2) Frequency tofersnce of the data earrier shall be £ 25 kHx,
{3) + denotes the preferred frequency allocations.

11,3.4.2 Current Consumption. The MAU may have its own power supply but ia alzo allowed to use
the power supplied by the DTE through the AUI cable. When drawing current from the AU the current
shall not exceed 0.5 A ae provided by the AUI source. The MAU shall he capable of operating from =il pessi-
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 fali below the minimum
operational level under abnormal MAU load conditions. The MAU shall be Iabeled externally {o identify
the nominal value of current required by the device at the AUL

11.3.8.8 Driver and Recesiver Reguirements, The requirements for AUY eable driver and reeceiver
components within the MAU are identical with those specified in Section 7 of this standard, The drivers
shall provide signals that meet the symmetry and jitter requirements of Circuit DI defined in Section 7 and
the receivers shall accept signals that have traversed the worst-case lengths of AUI cable,

11.8.2.4 AUT 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.

11.8.4 WAL Transfer Characteristics, Signals presented on Cireuit DO are transformed into signals
at the coaxial eable interface by delaying them and by reformatting them. Signals at the ceaxial cable
interface are iransformed inlo signals on Circuit DI and Circuit CI by a different framing change and by
atdlditional delay.

11.5.4.1 AUT to Conzial Cable Framing Characteristies. Data presented on Circuit DO ghall first
be received differentially, then Manchester decoded into an NRZ data stream, The franming of the data shall
then be transformed into a new packet for presentation to the RF modulator in the following way (see
Fig 11-6 and Tig 11-9):

(1) Up to 5 bits of the incoming data stream may be dropped for detection and Manchester decoding
purposes.

{(2) Beginning with the first zero, 20 bits of zerc-one pattern shall be sent for receiver synehronization
and clock recovery.
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(81 The next two hils (zero-one in the incoming pattern) shail both be sot to zero and form the Unseram-
bled Mode Delimiter (UMD). The UMD shall take the place of the zero-one in the inceming paliern;
it shall not be inserted into the data stream.

{41 All remaining bits in the preamble, 3FD, and data felds shall be serambled (using & CCITT V.28
scrambicr plus a differential encoder per 11.3.4.1).

(5) A postamble (BEOFD) congisting of 2 zero followed by 22 ones shall be added inunediately after the
last serambled data Lit (the postamble is not scrambled). The postamble may be extended to allow
controlied turnoff of the transmitéed signal, as shown in Fig 11-6.

{6} Al bits (unmedified preamble; UMD, ser ﬁ!l]ijlcd preamble, SFD, and datn; rmd postamble) are
inverted.

{7+ All bits sent to the RI' modulater ave differentially encoded. Figure 1149 shows the appearance of
the data before and after the differential encoder.

(8) The BQT Test sequence shall be generated afier a successful data transmission by fransmitiing a
collision enforcement R signal with the timing shown in Fig 11-6.

Because the preamble of the incoming data on Cirenit DO is modified, it is assumed that DT generate
a minimum length preambie of 47 bits. The moximum preamble length iz allowed 1o be 62 bits, as shown in
Tigr 11-6,

11,3411 Scerambier and Differendinl Bncoding Requirements, The NRZ data shall be seram-
bled (using a CCITT V.29-type scrambler). A new sced shall be used by the scrambler {or every new packet
presented by the DTE to the MAU. Figure 11-10 is a diagram of a {ypical serambler implementation,

The scrambled NRZ data shall be differentially encoded {see Fig 11-11 for & Lypical implementation).
The entire encoding process comprising the scrambling and differential enceding is esseniially equiva.
lent to a division of the polynomial representing the data to be transmitted by the following polynomial;

Glx)m Lt o x18 4 B g o g o™

11.3.4.2 Coaxial Cable to AU Framing Chavacteristics. The MAU shall demodulate, differentially
decode, and invert the received RIP data signal to recover the scrambled and inverted data stream, Clock
zhall be recovered and a replica of the unfillered and noninverted transmitled data stream shall be cre-
ated. The restored data shall be forced o a logic “one” state whenever no RF data signal is detecied, This
prevents false UMD detection and forces postamble detection when ho carrier ig present,

The {raming information eontained in the RF daia stream shall be used to reconstroct the received data
50 that no more than 6 bits are lost and no more than one it added to the preamble icld, and no bits are
added to or lost from the end of the transmit data. Detection of the UMD in the recvive data shali i:\ii‘iaie,
after a fived delay, a locally generated preamble sequence of zerp-one patlern. This pattern "llis in” the
preamble bils altered due to the framing information al the beginning of the packel: the zero-one synchiro-
nization and clock recovery sequence, the UMD, and the desersmbler synchronization sequence.
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The MAL shall deseramble the received data using a self-synchronizing (CCITT V.28-type} descrambler.
No prior knowledge of the seed used by the scrambler shall be assumed by the descrambler cireuit. The
deserambler shall have valid output no later than 23 bit intervals after the UMD is delected by the
receiver, An ezample of o descrambler is shown in Fig 11-12. The differential decoding performed hy the
demodulater and the deserambling function are essentially equivalent to multipiying the regeived polyao-
mial by G{x) as defined in the scrambling and differential enceding requirements subseclion ahove.

After the descrambier is synchronized, 23 bits after the UMD, the eorrectly descrambled veccive data,
starting with the 24th bit after the UMD, shall be transferred to the Manchester encoder and therefrom to
the AUT, The delay from ihe deteetion of the UMD to the beginning of the locally generated zero-one pai-
tern shall be chosen so that rio more than 8 bits of preamble are lost, and no more than one bit added, in
iransmizsion from Cirenit DO to Cireuit DI

The MAU shall deteet the “zero” followed by 22 “ones” (the postamble pattern) and, in conjunction with
the loss of carrier detection in the dala band or the presence of a coliision enforcament detection 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 RF interface and the SQE sipnal shall be presented to Cir-
cuit CI of the transmitling MAU, subject to the timing restrictions of 11.3.4.5.4. If the signal is not
ohserved at the RF interface due to faflure of any element in the transmitter or receiver, no SQE gignal
may be presented {o the AUIL In the event of a collision enforcement, energy will appear in the collision
enforcement band within the ced_window Lime affer enerpy first appears in the data band, Circuit CI shall
be asserted when collision enforcement is first detected and shall continue to be active until after the RF
signal on the RT port has subsided. Note that an S8QE Test signal appended te a packet whose lengih is less
ithan the ced_window time {less than the minimum allowed packet length) will be indistinguishable from a
collision enforcement, except by the MAU transmitting. The transmitting MAU shall take this into account
and shall not, interpret energy in the collision enforcement band to be a collision when the length of the
transmitted packet is less than the ced window time and the SQE Test sequence hag been transmitted. See
the diseussion in 11.4.2 for more information on ced_window,

i1.3.4.3 Civeuit DO to Cireuit DI Froming Characteristics, In the absence of a collision, the
packet format of the receive data at the AUI is identical to that of the transmil data, except that there may
be one more preamble bit than was sent at the transmit port and up to 6 bits of the preamble lost. In the
presence of a collision, the receive data is undefined, but shall still be properly Manchester encoded.

11.3.4.4 AUL {0 Coaxizl Cable Delay Charvacteristies. The timing and delays associated with the
transmitter of the MAU are identified below. To ensure compatibilify with all MAUs the delays identified
below cannot be exceeded nor traded off with other delays in the system.

11.8.4.4.1 Circuit DO to RF Data Signal Delay. The delay from a transition on Circuit DO at the
end of a bit to the corresponding phase change of the RF data signal (such bit chesen so that an RIF burst
phase change does exist) shall be no more than 24 bit times, The delay from the first transition on Cireuit
DO to the fivst appearance of RF energy, however, is not specified except as it is determined by other timing
constraints,

11.3.4.4.2 Cireuit DO to CE BF Ouiput Delay. In the event that the MAU begins receiving energy
on the voaxial medium just before the DTE presents data to the AUI, a collision shall be detected locally, as
described in Fig 11-4. The delay from the first bit at Circoit DO of the AUI to the presentation of eollision
enforcement at the coaxtal cable interface in this circumstance shall be 32 bit limes 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 (Breadband End of Frame Delimiter) measured at the RF port to the 50%
point of the rising edge of the SQE Test signal shall be 35 £ 3 hit times,

1.3.4.4.4 SQE Test Signal Length. The 3QE Test signal length shall be 30 + 1 bit times as mea-
sured at the 50% points of the RI signal.
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11.8.4.8 Coaxinl Cable to AUI Delay Charncteristics. The MAU receiver Liming and delays
deseribed below shall not be exceeded or traded off against any other delays in the system.

11.3.4.5.1 Received RF {o Circuit DI Delay. 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

seeutt I, shall be o maximum of 75 bit times (see Fig 11-13). The minimunt is not specified, nor is the

delay specified at other locations in the packet. The end of the SFD in the received RF data signal (al the

coaxial cable interface} is defined as the time at which the envelope of the carrier would pass through the
midpaint if the first bit following the STD was a zero and the scrambler disabled.
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11.3.4.5.2 Received BF to CE RF Quiput and Cireuit CI Delay. In the event that a collisien is
deteeted via the bit-by-bit comparison, the delay from the end of the bit in which the ecllision was detected,
as represented by the BF 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 bit times. Circuit CI shall cease activity no more than 31 bit times after activity on the RF inter-
face (in both data channel and collision enforcement channel) ceases. See Fig 11-14 and Wi 11-15,

11.3.4.5.3 Collision Enforcerment to Cireuit CI Delay. In the event of a collision enforcement by
another MAU, the delay from the 509 point on the rising edge of the RF collision enforcement signal to the
first transition of Cirenit CI shall be no more than 31 bit times. Cireuit Cl shall be aclive for a minimum of
5 bit times and shall become inaetive within 31 bit imes of the cessation of activity on the RI coaxial cable
interfsce, as shown in Fig 11-15,

11.3.4.5.4 Receive Data to BQE Test Delay. If a collision enforcement signal is received aftey the
ced_window signal becomus inaetive (see (8) in 11.2.3.2), or if the MAU has transmitied an SQBF Test
sequence, the MAU is {o interpret the collision enforcement signal as an SQE Test signal. If the SQTE Test
sequence is correctly detected (that is, the tesl passes), then the delay from the last transition of Cireuil DI
to the fivst transition of Circuit CI shall be at least 6 but naot 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 enforcoment signal is received before the ced_window signal becomes inactive, the MAU
shall interpret it as a collision enforcement and the timing of 11.3.4.5.3 shall apply.
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11.3.4.8 Delay from Cireui! DO to Clreutl B The time delay from a bit on Cireuil DO at the AU
Interface to the corresponding bit on Cireunit DI at the AU Interface is equal to the round trip ddday of the
MATU connected back-to-back with itsell (that is, in RF loopback) plus the round trip delay through the
cable system atl the location of the MAU. Therefure, the delay is a Tunclion of the location of the MAU on
the cable system. It is never less than the transmitter delay plus the pestamble length plus the time to
dotect loag of earrier or presence of the SO Test signal, See Pig L1-16 for the timing relationship when the
cable has zero lengih.

When the MALJ is tranamitting a short packef (less than %6 bits), the liming for Cireuit 1 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 bifs) that encounters & collision and if the SQE Test sequence has nol been
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11.3.4.8 Bit Ervor Hate. The MAU shall have a Bit Error Rate {BER) as measured at the AUT lower
thare one error in 10% in a “zero-engih conx” test environment (that 18, a coaxial cable conneclion
sufficiently short to have negligible delay and iransmission impairments) It shall have this BER for
raveive signal levels in the range specified tn 11.3.1.1.3 and in the presence of -28.3 dBmV rms/14 MHz
white Gaussian noise. This represents a 24.3 dI3 signal-to-noise ratio for the specified minimum signal
level, —4 dBmV rms. For the same BER in a “system” environment (ag opposed to zevo-length coax), o 26 dB
signal-to-noise ratio is reguired.

The MATU shall mect the BER reguirements specified ubove when receiving sirings of up to 33 consecu-
tive identical bits.

11.3.5 Helinhility. Component failuves within the MAU electronies should nol impede eommunication
among other MAUs on the brondband coaxial cable, Connectors and other passive componenis comprising
the means of conneeting the MAU to the coaxial cable shall be desipned to minimize the probability of total
network failure, The MAT shall be destened to provide an MTBYT of at least 1 000 000 howrs without caus.
ing communication failure amanp other stations aftached to the broadband local network meadivm,

1.4 Bysiem Considerations

11.4.1 Delay Budget znd Metwork Diametler. The delay budget {or the broazdband MAU and rest of
the Physical Layer is tabulated in Table 11.4-3. This table includes alloeations for trunk cables {the back-
bone cables in the system), drop cables (a length of 25 m is assumed), ele. The velocities of propagation
assumed are included in the table; use of other types of cables will alter the system diameter accordingly.
The {ypes of eables, including the mix of drop and truak cable lengths, can be altered as long as the total
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propagation delay from the most disiant MAU to the headend does not exceed 70 bit tmes, The total delay
hudget of 376 bit times includes allowance {or the preamble and SFD (64 bitg),

Table 11.4-1 tabulates delay allacalions for a dusl-cable syriem with no headend delay, In translated sin.
gle-cable gystems, the hendend translator delay reduces ihe mazimum treunk cable distanee hy DAZ =
V), where D is the delay in nanoseconds, and CV is the cable velocity in nanoesceonds per meter, For
3.83 nafm velocity trunk cable, this reduction is {Delay (ns}/ 7.66] m.

Table [1.4.1
Broadband Dual-Cable Systemse--Physical Laver Delay Budget

Mazimum
Dealay Element Altowed Value
{Bitg)
DPIT starts to pul out first bit 0.00
Firat bit from DTE] at AU 3,00
ALJ1 Cable (50 1 nt 5.13 na/im} 2.57
Cireait DO to Ty BRI Out. 24.00
T Drop Cuble (25 m at 4.27 nefm} 1.08
Tx Trunk Cable {1300 m at 3.893 ng/m) 68,95
R Trunk Cable {25 m al 4.27 se/m) 568,95
RBx Dyop Cable (25 m at 4.27 ng/m) 105
TEnd of Bit Comparizon {last bit of seurce sddreas) 160,00
Rz RE to Collision Bnforcement R Out (from RX bit that is found to be in 34.00
areror ta collision enlorcement ouf)

Tz Drop Cable (25 1w at 4.27 na/m) 1.05
= Trunk Cable {1800 m at 3.583 ne/m) G8.95
Rix Trunk Cable (1800 m at 3.83 ns/m) 66.95
Rx Drap Cable (26 m at 4.27 na/m} 1.05
Ry Collizion Enforcament to Cireuit Ci 31,00
AUJ Cable (50 m at $.13 ns/m} 257
DTE1 Detects Collision Presance 300
DTE1 Jams Channel 32,00
Allowance for Traps, Splitters, Amplifiers, and Margin 3.86

Total 576,00

1.4.2 MAY Operation with Packets Shorter then 512 Bits. The MAU transmils an SQE Test
sequence onto the RF medivm after every transmitted packet. If the frame plus preamble and SFD ig less
than the ced_window in length, a recciving MAU cannot distinguish the SQE Test signal from & collision
enforcement signal due to a collision. Thevefore, operation of the MAU with data frames aborter than
512 bits may cauze all other receiving MAUs to see a collision. The transmitting MAU, however, recognizes
the SQE Test bacause that MAU was the one thai transmitted the test. An MAU tronsmifting a short
packet that encounters a collision can distinguish the resulting collision enforcement from an SQE Test sig-
nal by the fact that the transmitting MAU will not have transmitted the SQRE Test sequence unless the
packet is shorter than the round trip deloy an the cable plant, In the latter instance, the transmitting MAU
may not detect a collision enforcement.

i1.5 Characteristics of the Coaxial Cable System. 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 sysiem are listed in Table

11.5-1. Each parameler 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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Cable Bystem Blectrical Reguiremonts

Impedance

Retvrn Loy

Transinit Level

Receive Level

Maximum Receive Noise Level

Lozs Yariation* {per 18 §Hz band)

Fii V]

1448 min

+50 dBmV 22 4B

G dbBmV 11043

-30 dBmV/i4 Mz

2 dB min, 52 dB max

Path Logs (between any transmit port and receive 36 d3 min, 52 dB max
port, inciuding less varintion)

Group Delay Variation
~ayound data enreier A0 na/10 M1z imax
—ovir 18 3Tz band 34 na max

* Mot including headend.

11.5.2 Mechanical Reguirements. The connection of the cable system to the broadband MAU is via a
standard -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 Delay Bequirements. The maximum length of the cable system is constrained by the allowable
round trip delay from the farthest transmitting MAU te the {arthest receiving MAU. Table 11.4-1 allows
140 bit times round {rip delay in the cable system. For trunk 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 AUI ¢able is allowed on each MAU, there-
fore allowing, in this case, a maximum of 3750 m DTE o 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,

For single-cable systems, the maximum delay of 140 hit times includes the delay through the headend.
The maximum cable system lenpth must be reduced appropriately, as described in 11.4.1.

iL.8 Frequency Transiaior Reguirements for the Single-Cable Version

11.6.1 Elecirical Requirements. The headend frequency transiator performance is included in the
cable system characteristics specified in 11.5, except as defined in Table 11.6-1.

Table 11.6-1
Frequency Translator Hequirements

Group Delsy Variation
—-around dats carrier frequency 20 nx/10 MEHz max
—between data earrier and CF center frequency 30 ng max

Amplitude Varistion (from 6 Mz below fhe input 2 dB max
data carrier requency to 1 Mz above the CIE
center frequency)

Transtation Freguency por ‘Fable 11.3.3

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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IL6.2 Mechanical Heguivemenis, The inpul and output inechanical intorfhe shall be 75 0 female I
sories coaxial conneclors, The connection to the breadband medium shall be thoough a couginl cable with a
mating male F-series connector.

W Environmmental Specifientions

11.7.% Bafety Heguirements, Thig subscelion sets forth a numbey of recommendations and poidelines
related to salety concerns. This st is neither complete nor does i address all possible safety issues, The
designer iz urged to consult the velevant local, notional, and international salely regulations to assure
eompliance with the appropriate standards.

Loecal area network cable systemas, as deseribed in this section, are subject to ai least four direct cleciricnl
safety hazards durcing their use, and designers of connecting equipment should be aware of these hazards,
The hazards are as follows:

{1} Direet contact belwween tocal network components and power or lighting civenits

(2} Static charge buildup on local nefwork cables and componenis

(3) High-energy transients conpled onto the local network cabling system

(4} Potential difforences between aafely grounds to which varions netweork components are connected

These electrical safety hazards, to which all similar cabling sysiems are subject, should be alleviated for
a loeal network ta perform properly. In addition fo provisions for properiy handling these favlts in an oper-
ational system, special mensures shall be taken to ensure that the intended safiely features are not negated
when atinching or detaching equipment from the local area network moedivm of an existing network.

Sopund inslallation praclice, as defined in applicable nativaal and local cedes and regulations, shall be
followed in every instance in wihich such practice is applicable.

11.7.2 Blectromagnetic Environment

11.7.2.1 Susceptibility Levels, Sources of interference from the environment include eleciromapnetic
ficlds, elecirostatic discharge, transient voltapes between earth connections, efe.
The physical MAU hardware shall meet its specifications when operating in an amlient plane wave field
of!

(1) 2V/m from 10 kHz through 30 MHz
(2y 5 V/m from 30 MHz through 1 GHz

MAUs meeting this section should provide adegquate RIF ground return to salisfy the EMC specifieation.

1.7.2.2 Emission Levels, The physical MAU hardware shall comply with the applicable national and
lIocal regulations for emission levels,

11.7.3 Temperature and Humidity. The MAU and ussociated cable system are expoected to operate over
a reasonable range of envirenmental conditions related to temperature, humidity, end physical handling
such as shock and vibration, Specific reguirements and values for these paramelers are considered to be
beyond the scope of this standard.
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12, Physical Bignaling, Medium Altachment, and Basehand
Medium Specifications, Type 1BASES

12.1 Iniroduction

12.1.1 Overview. 1BASED is a T Mb/fs CSMA/CD network bused on twisted paiv wiring, Each DTE (Datn
Terminal Tquipment} is star-connected to a shaved hub through two pairs that function as transmit and
receive channels. Hubs can be cascaded, 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 heb broadeasts the packet
back down to all DTEs and lower-tevel hubs, Packets received by a hub from a higher-level huly ave retrans-
mitted to all attached DTEs and lower-level huhs, If two or more DTEs or lower-level hubs transmit con-
currently, the hub generates a collision-presence signal that the DTEs detect ag a collision. Hubs between a
transmitting DTE and the header (highest level) hub propagate data or the collision-presence signal to the
headoer hub; this hiub in furn broadeasts the packet or collision signal to all ITEs and lower-level hubs.

12.1.2 Scope. The 1BASES 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 Specifications are used in conminon 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 (his section. The relationship of the
IBASES specification to the OS] Refevenee Model and the IERER 802.3 CSMA/CD LAN Model is shown in
Fig 12.1.

12.1.3 Definitions

bit cell. The time interval used for the transmission of a single data (CD0 or CD1) ur control {CVI1 or CVLI
symbol.

bit rate (BE). The rate of data throughput on the medium (in b/s or He, whichever is more apprapriate to
the context). See 12.3.2.4.1.

bit time (BT). The duration (of transmission) of ene bit symbaol {(bil cell) {1/BR). See 12.3.2.4.1,

carrier sense. In a local area network, an ongoing activity of a data station to deteet whether another sta-
tion 15 transmitting. Note that the sipnal provided by the PLS to the PMA sublayer indicates that ene or
more DTEs are currently transmitting,

Clocked Data Ope (CD1). A Manchester encoded dnta “1.7 A CD1 iz encoded a8 a 1O fur the first half of
the bit cell and a HI for the second halfl of the bil ceil.

Cleclked Data Zero (CD0O). A Manchester encoded data 0." A CDO is encoded us a F for the {irst hall of
the bit cell and a 1O for the second half of Lthe bit cell.

Clocked Violotion HI (CVH). A symbol that deliberately violates Manchester encoding rules, used as
part of the Collision Presence signal. A CVH 15 encoded as a transition {rom LO to HI at the beginaing of
the bit ccll, HI for the entire bit cell, and a transition from HI to LO at the end of the bit cell.

Clocked Vielation LO (CVL). A symbol that deliberatoly violates Manchester encoding rules, used as
part of the Collision Presence signal. A CVL is encoded g6 o {ransition from RI to LO at the heginning of
the bit cell, LO for the entire bil cell, and a transition from LO to HI at ithe end ol the bit cell,

collision. A condition that resulis from voncurrent transmissions on the physical medium,
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Sollision Presence (CF). The non-Manchester signal generated by hubs to report collisions and some
error conditions. See 12.3.2.4.3 fur details,

header hub (B, The highest-level hab in a hierarchy of hobs, The HI broadeasts signals transmitted
to it by lower-level hubs or D'I'Es, such that they ean be received by all ITEs that may be connected Lo it,
either directly or threugh intermediate hubs. See 12.2.1 {or details.

b, A device used Lo provide connectivity between DTEs, Hubs perform the basie functions of restoring
signal amplitude and timing, collisten detection and notification, and signal broadeast to lower-level hubs
and DTEs,

kdle (113, A signal condition where no transition sceurs on the fransmission Hne. I is used to define the
time hetween packets. See 12.3.2.4.4 {or details,

intermediate hub (IH). A hub that occupies any level below the header hub in a hierarchy of hubs, See
12.2.1 for details.
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Jgabber Funetion. A mechanism for controlling abnormally long {rnnsmissions,
specind Hink (S81.). A transmission system that replaces the normal medium. See 12,4 for details.

12,14 General Characteristics. Type 1BASES has (he following zoaeral characteristios

{1) 1 Mb/s signaling vate, Manchester encoded

(2) Twisted pair wiring

(%) Point-to-point interconnection of DTEs to hubs, with one twisted pair seiving as the upward link,
the other as the dewnward link

{4} Dala pairs can coexist in the same telephone eable bundles us voice pairs

{5} When a hub receives signals from a DTE or lewer-level hals, it propapates them (o g higher-fevel
hub if one exists; otherwise, the hub broadceasts the signals back down to the DTEs and lower-level
hubs

{8) When a huob receives rignals concurrently from fwe or more D'P'Es 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 electrieally isolated ol both ends

(8) Up to five hub levels are allowed

(%) iuhs serve as repeaters

(10) Maximum DTE-fo-hub and hub-to-hub distance is approximately 250 m for telephone wiring (eable-
type dependent; see 12.7)

(11) Special links may be used to extend some DTE-to-hub or hub-to-hub distances to 4 km

12.1.5 Compatibility. This specification calls out one principal compatibility interface, namely PMA-to-
Medium, It is infended that different implementations of DTEs and hubs be able {o interoperate in
1BASES networks.

1218 Objectives of Type 1BASES Spocification

{1} Previde for low-cost notworks, as related 1o hoth 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) Ensure interconnectability of independenily developed DTEs and hubs

(5) Ensure fairness of DTE access

{6) Provide a communication channel with o resultant mean bit error rate, at thie physical layer service
interface, of less than ane part in 10% (on the order of one part in 10° ai the link lovel)

12.2 Avchitecture

12.2.1 Major Concepts. Type 1BASES {s a 1 M/ CSMA/CD network, DTEs ave connected £o hubs (and
hubs to oflier hubs) by point-to-point wiring, resuliing in a star topology network, Data transmissions are
Manchester encoded.

An elementary confipuration s tiustrated in Fig 12-2. In this instance, cach DTE is connected to the hub
via separpte transmit and receive chonnels (normally twa twisted paire). The hub serves as the point of
concentration and performs {wo major funetions: signal regeneralion/retiming (repealing) and collision
detection. When only one DTE transmiis, the hub repeais the sipnals, compensating for amplitude and
phase distortion, and broadcasts to all DTEs. When a bub detects two or more DUEs {ransmitling concur-
rently, the hub generates a unigue Collision Presence (CP) signal, which it broadeasts instead of the origi-
nally lrangmitted signals. The hub continues to send CP uniil it receives 1DL from all lower-level DTEs.
CP has the property that it can be detected by DTEs as a Manchesier code violation.

The interconneetion architecture does net imply any minimum, typical, or maximum number of DTEs to
be connected to a given hub; this is an implementation or installation detail,

Up to five levels of hubs may be cascaded. A two-level configuration is ilustrated in Fig 1243, with a head-
er hub (HH) and intermediate hubs (IH). There can be a number of {Hs; there must be one and only one HH.
Each DTE or IH is vonnecled to a hab via separate transmit and receive channels (normally two twisted
pairs). An ITI propagates signals from its D'PEs toward the HIT; it sends CF toward the [TH in the event of
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a collision. The HH repeats the signals it receives from DTEs or IHs ack down te all DTTs and 11z, The
HH generates CP if more than one of its inputs becomes active. The [Hs repeat the sipnals received from
the HH, and broadeast to all the connected DTIs receivers, Hubs du not distinguish whether inpul signals
aleng the upward path emanate from DTEs or lower-level IHs. If a single input is active, the hub repeats
the signal regardless of its source; if more than one 15 aclive, it generates CP.

A configuration invelving four huh levels and a special link is illustrated in Fig 12-4, In this example, ons
i is used for simple repeating {one connection upward and onc connection downward), Other than having
one link in and one link out, repeaters are identical to other Liubs. Special links are connections, possibly
containing active devices, that are used for siluations requiring extra propagation delay or special transmig-
sion media.
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Metwork with Four Levels of Hubs
12,22 Application Perspeciive. The primary application area for type 1BASES is expecied io he in
offiee environments for networking DTEs such asg personal computers or other workstations, In many
cases, spare wiring contained in existing telephone wire bundles wil] be used,
12.2.3 Packet Structure. Packets are transmitted from the PLS to the PMA as follows:

<silencer <preambles <sfd> <datax <etds> <silence>

The packet elements shall have the following characterisiies:

Element Characteristics

<silence> No transitions

<preamble> Alternating CDi and CDO for 256 bit times (ending in CDO}
<sfd> CD1CDOCD1 CDOCDI ChO CDI CD1

<data> 8 » N instances of G or CD1

<etds> First part of IDL

12.2.8.1 Silence. The <silence> delimiter provides an observation window for an unspecified period of
time during which no transitions eccur. The minimum duration of <etd> followed by <silence> is the
interFrameGap defined in 44.2.2.
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12.2,3.2 Preambile, The <preambles delimiter begine o packet transmission and provides o signal for
receiver synchronization. The signal shall be an alternating pattern of CD1 and CDO. This patiern shall ho
transmitted by the DTE for 2 minimum of 86 Int times al the beginning of each packet. The last bit of the
preamble (that is, the {inal bit of preamble hefore the start-ol-frame delimiter) shall be a CDO.

The DT is required to supply at least 56 bits of preamble in order to satisfy system requirements. System
cumponents consume preamble bits in order Lo porform their functions. The nuinher of preambie bits
sourced ensures an adeguate number of bits are provided to each sysiom eompenent to correctly implement,
its function,

12.2.8.8 Blart-offrame Delimiter. The <sfdr indicates the starl of a {rame, and ollows the
preamble.

12.2.3.4 Bata. The <datas in a transmission shall be in muitiples of ¢ight {8) encoded data biis (CI0s
and CD1s).

122480 RBod-of-Transmission Delimiter, The <eld> indicates the end of a iransmission and serves
to turn off the transmitter. The signal shall be the first part of an IDL.

12.3 DTRE Physical SBignaling (PLE) Spesification

12.3.1 Overview. This section defines lopical characteristics of the DTE PLS sublayver for IBASES. The
relationship of this specification to the entire standard Is shown in Fig 12-5. The sublayer and its relation-
ship {o the MAC and PMA sublayers are described in an abstraet way and do not imply any particular
implementation,

12.3.1.1 Sumimarvy of Major Concepis

(1) There are two channels between the PLS and PMA sublayers. Output data are passed through the
output channel and input data and contrel (CP} are passed through the input channel.

{2) LEach direction of data transfer through the PLS operates independently and simuliancously (that
i, the PLS ig full duples).

12.3.1.2 Application Perspective. The DTE PLS sublayer performs the following functions:

(1) Encades OUTPUT_UNITs from the MAC sublayer into a Manchester encoded waveform that it
sends to the PMA sublayer output cireuit

(2) Decodes a Manchester encoded waveforim from the PMA sublayer input cireuit into INPUT _UNITS,
CARRIER_STATUS, and SIGNAL_STATUS

12.3.2 Funetional 8pecifiention. This section provides a detailed model for the DTE PLS sublayer,
Many of the terms used in this section arve specific to the interface between this sublayer and the MAC

sublayer, These terms are defined in the service specification for the PLS sublaver (see 6.3),

12.3.2.1 PLE-PMA Interface. The PLS and PMA communicate by means of the following messages:

Message Meaning Soures
outpul QOutpul information PLS
outpui_idle Nu data to be output PLS
input Input information PMA
input_idie No inpul information PMA

12.2.2.1.1 onfput Miessage. The PLS sublayer sends an ouiput message to the PMA sublayer when

the PLS sublayer receives an QUTPUT_UNIT from the MAC sublayer,
The physical realization of the ouiput message is a CDO or a CD1 sent by the PLS to the PMA. The PLS
sends & CDO if the OUTPUT_UNIT is a ZERO or a CD1 if the QUTPUT_UNIT iz a ONE. This message is
time-coded. That is, once {his message has been sent, the function is not completed until one hit time later.
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The output message cannot be sent again until the hit cell being sent as a result of sending the previons
output message is complete.

12.3.2.1.2 outpred_fdle Messnge, The PLS sublayer sends an ouipui_idfe message to the PMA sub-
layer at all times when the MAC sublayer is not in the process of transferving output data aeross the MAC
to LS interface. The onipui_jdle message is no longer sent (and the first QUTPUT_UNIT is sent using the
oufpul message) when the first QUTPUT_ UNIT of a packel is received from the MAC sublayer, The out-
pud_idle message is apain sent to the PMA when DATA_COMPLETE is received from the MAC sublayer.

The physical realization of the oudpui_idie message is 1DL sent by the PLS to the PMA.

12.3.2.1.3 inpri Message. The PMA sublayer sends an input message Lo the PLS sublayer when the
PMA has received a bit from .the medivm and is prepared to transfer thig bit to the PLS,
4
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The physical realization of the Inpuf message consists of data units, CDO, CD1, CVL, or OV, derived
from the incoming data stream. I ambigoity cxists due Lo exeessive noise or jiller, the PMA may send an
avbitrary combination of these.

12.3.2.1.4 input_idie Message, The PMA sublayw sends an inpui_idle message Lo the PLS sub-
layer when the PMA sublayver does not have data to send to the PLS sublaver. This condition exists when

careier ie lost or TDL i8 received.

12.3.2.2 PLS-MAC Interface. The PLS and MAC cornmunicate by means of the following 1aessapes:

Mossage Meaning Souree
CUTPUT_UNIT Data sent to the PMA MAC
OUTPUT_STATUS Response to OUTPUT_UNIT PL3
INPUT_UNIT Data recelved from the PMA PLS
CARRIER,_STATUS  Indication of input activity PLS
SIGNAL_STATUS Indication of evror/mo error condition PLS

12.38.2.2.10 GUTPUT_UMIT. The MAC sublayer sends the PLS sublayer an OUTPUT_UNIT every
time the MAC sublayer has a bit to send. Onee the MAC sublayer has sent an QUTPUT _UNIT to the PLS
sublayer, it may not send another OQUTPUT_UNIT uatil it has received an QUTPUT _STATUS message
from the PL3 sublayer. The QUTPUT_UNIT is a ONE if the MAC sublayer wants the PLE sublayer to send
a GD1 1o the PMA sublayer, 2 ZERO if a CI)0 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 QOUTPUT _STATUS in
response to every QUTPUT _UNIT received by the PLS sublayer, QUTPUT _STATUS sent is un
QUTPUT _NEXT when the PLS sublayer is ready to aceept the next QUTPUT_UNIT from the MAC sub-
layer. (The purpose of QUTPUT_STATUS is to synchronize the MAC sublayer data oniput with the data
rate of the physical mediwm.)

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 ¢ CP from the PMA sublayer or a ZERO if the PLS sublayer receives a ODO from the PMA
sublayer, The INPUT_UNIT may be gither ZERO or ONE if the PLS sublayer receives a CVL or CVH from
thae PLMA sublayer.

12.3.2.24 CARRIER_STATUS. The PLS sublayer sends the MAC sublayer CARRIER_STATUS
whenever there is a change in carrvier status, as detected by the PMA. The PIE 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_OFF, The PLS sublaver sends CARRIER_OIF
when it receives an input_idle message from the PMA sublayer, and the previous CARRIER_STATUS that,
the PLE sublayer sent to the MAC sublayer was CARRIER_ON.

12.3.2.2.5 SIGHAL _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 inpet message CVL or CVH from the PMA sublayer and the previous SIGNAL_STATUS the
PLS sublayer sent was NO_SIGNAL_ERROR. The PLS sublayer sends NO_SIGNAL_FERROR when it
receivas an fapet fdle message from the PMA sublayer and the previous SIGNAL_STATUS thal the PLS
sent to Lthe MAC sublayer was SIGNAL_ERROR. The PLS shall send SIGNAL_ERROR to the MAC sub-
inyer when the Collision Presence patiern is detecled; it may send SIGNAL_ERROR any time il receives
an inpul message that is neither CDO nor CDL.

12.3.2.3 PLY Functions, The PLS sublayer functions consist of four simultancous and asynchronous
functions. These functions are Qutput, Input, Error Sense, and Carrier Sense. All of the four functions are
started immediately following PowerOn, These funciions are depicted in the state diaprams shown in
Fig 12-6 through fig 1%.9, using the notation described in 1.2.1.
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DTE PLE Guipul Funelion

12.2.2.3.1 State Diagram Varisbles. The variables used in the state diagrams and the corvespone-
ing deseriptions are the following:

(1) Inter Process Flags

disable_SIGNAL_IIRROR Used in the state diagrams and funclions, I is used by the Input Pune-
tion to preveni false collision deteetion by the Error Sense Funetion dur-
ing prenmble startup,

profectTimer Used by the Carvier Sense Funelion to implement ihe protection period
deseribed in 128323, It is started by “starb-protectTimer”

“protectTimer_done” is salisfied when the timer has expirved.

12.8.2.3.2 Quiput Funetion. The Outpul Function transparenily performs the iask of data transfor
from the MAC sublayer to the PMA sublayer. The state diagram of Fig 12-6 depiets the Output Function
opoeration,

12.3.2.3.3 Input Funefion. The Input Funetion transparently performs the task of data ransfer
from the PMA sublayer to the MAC sublayer. The state diagram of Fig 12-7 depicis the Inpul FPunction
operalion,

12.2.2.3.4 Brror Bense Function. The Hirer Sense Function performs (he task of sending
SIGNAL_STATUS to the MAC sublayer at the beginning and end of the Colliston Presence pattern, The
state diagram of Fig 12-8 depicts ihe Error Sense Funciion operation,

12.3.2.8.8 Qavrier Sense Function. The Carrier Bense Function performs the tagk of sending
CARRIER _STATUS to the MAC sublayer whenever the input becomes active or idle, as detected by the
PMA sublayer. The state diagran of Fig 12-9 depicts the Carrier Sense Function operation.
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A timer may be used by the Carrier Sense Funclion to implement the protection period deseribed in
12,5.3.2.3, 14 is started by “start-protectTimer” and asserts “protectTimer_done” after 0 to 30 s since
starting.

12.3.2.4 Signal Encoding. Five distinet symbols can be transmitted on the line: CRO, CD1, CVL,
CVH, and IDL. Of these, CVL and CVH are transmitted only as part of the collision presence reporting
pattern CP,

12.3.2.4.1 Data Transmission Rale, The data transmission rate (BRI is 1 Mb/s £ 0.01%. A bit time
{BT) is therefore nominally 1 us.

12.3.2.4.2 Data Symwbol Encoding, Manchester encoding is used for the transmission of packets,
Manchester encoding is a binary signalting mechanism that combines data and clock into hit celis. BBach bit
cell is split into two halves with the second half containing the binavy inverse of the first half; & transition
always veeurs in the middie of each bit eell. During the first half of the bit cell, the encoded signal is the lop-
ical complement of the bit valoe being encoded. During the second half of the bit vell, the encoded sigmal is
the uncomplemented value of the bit being encoded. Thus, o CDO0 is encoded as a bit cell in which the first
half is I and the seeond halfis LO. A CD1 is encoded as a bit cell in which the first halfis 1.0 and the sec-
ond half is HI. Examples of Manchester waveforms are shown in Fig 12-10. The zero crogsings of an ideal
Manchester waveform cceur on precise half-bit-cell boundaries. The zere crossings of real wavelorms may
include timing jitter that causes deviation from these “idealized zeoro erossings.”

12.3.2.4.3 Collision Presence Encoding. Two sipnalg, CVL and CVH, that are transmitied only as
part of the collision presence reporting pattern, CP, violate the normal Manchester encoding rule requiring
a transition in the middle of each symbol. A CVH is encoded as a transition from LO to 11 of the beginning
of the hit cell, HI for the entire bit cell, and transition from HI to LO at the end of the bit cell. A CVL is
encoded as a transition from HI to LO at the beginning of the bit cell, LO for the entire bit cell, and transi-
tion from LO to HI at the end of the bit cell.

The Collision Presence reporting signal, CP, is a special sequence that differs from any legitimate
Manchester-encoded signal. CP is encoded as a repeating sequence of 1 bit thne LO, 1/2 bit tivae HI, 1 bit
time LO, 1 bittime H1, 12 bittime LO, and I bit time I This may also be interpreted as ropetitions of the
fivo-symbol sequence CVL, CDG, CD1, CDO, CVIL Shonld a transmitter's or receiver's timing be shifted by
1/2 hit time, then the same sequence will be interpretable as repetitions of CD1, CVL, CVH, CD1, CD0. In
vither case, the presence of non-Manchester symbaols distinguishes the sequence from data, Examples of
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Fig 12-10
Exzamples of Manchaster Wavelforms

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 iz the minimal length soquence thal meets the fellowing design criteria:

(])  The sequence should not look like lepitimate Manchester-eneoded daty even if the receiver doss not lock onto the vorreet bit-
cell boundaries,

{2} The sequence should maisiain overall de balance. That is, 1t shauld be HI 50% of the time and LO the other B0%.

{3)  The signal should oceupy the same part of the frequency spectrum as normal data, That is, transitions should cceur every half
or whole bit time ge that the fundamental signaling frequencles of BR/2 and BR are maintnined, Furthermore, allowing more
thian one bit time te pass without a transition would intreduce ambipuity with the idle bne cendition 11DL).

ONE 8BIT TIME
] [P

. Fip 1211
Examples of Collision Presence Waveforms
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12.9.9.4,4 Fdle Line Kacoding, The lne condition 131 g also vsed wy an encpdad signal Ap 1DL
Alwaye starts with o HI sipnal level. Since DL always siarts with a HI signal, an additionat bansition will
ke added to the data stresm if the last it sent wis @ zero, This transiiion cannot be confuged with clached
data (CDO or {1D1) since the transition will veeur al ihe start of a bit cell. There will be no transition in the
middle of the bit cell, The HI signal level, as sent hy » transmitier, shall be maintained for o nunimum of

2 bit thmes,
17,2 Hub Specification

12.4.1 Overvicw. This seetion defines the logical eharacteristios of the lub used in 1BASES. The rela-
tionship of this specificalion to the endire standard is shown in Ifig 12-12,
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i 12-12
Fub Bolationship {o the O8I Heference Model
and the IBER 8024 CEMA/CD LAN Model

124,11 Bammary of Major Concents

{1} A hub consists of a Hub PLS sublayer and a aumber of instances of the PMA sublaver.

(2) One instance of the PMA sublayer, the “upper PMA" provides a connection to a higher-ievel hub.
This PMA 15 not vequired for the header hub.

(2)  Each of the remaining instances of the PMA sulilzyer, called “port PMAs,” provides a conneetion to a
DT ar a lower-level hul.
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(41 The Hub PLS fransfers data in two divections: upward from (he port PMAs, to the upper PRMA and
downward from the upper PMA to the port PMAs,
{6) The upward and downward “sides” of the hub aperate independenily and simulianeousty,

12.4.1.2 Application Perspective. The hub iz a physical layer entity thal performs two Functions:

(1) [t retransmifs incoming signals with amplitude and tHming vestored.
{2} It detects collisions between any two or more ports and reports knowledge of the collision by trans-
mitting a special eollision presence reporting pattern,

12.4.2 Hub Structure. Each hub is functionally divided into two parts: the vpward side and the down-
ward side. The upward side is responsible for combining the transmissions from IDTEs and hubs lower in
the network into a single transmission to the next level up. The downward side is responsible for disiribut-
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 funcltion independently:

There is an upward input channel and & eorresponding downward outpui channel for each DTE or hub
fmmediately below the hub, Although there is ne clectrical connection hetween the fwao lines, they do share
a connector and cable (see 12.6 and 12.7) and are collectively known ag a hub port. Bach port iz aecessed
through an instance of the PMA sublayer referred to as a “port PMA."

The one cutput channel from the upward side and the one input channel to the downward side of o hub
are aimilarly paired and, for all rut 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 huls that includes o hub ports should b2 ealled an n-port ab, cven thoush it moy have an exira jack for the upper PMA. The
latter conneciion should never be counted as a port, despile cotnmon enginesring usage, becaose it does not meet the specific defini-
tion of n 10BASES hub pori given above.

12.4.2.1 Upward Side. The primary function of the upward side of a hub Is (o propagate signals from
each of ils inputs to its single output. I more than one input is active, then the Collision Presence signal
CP is transmitted instead. In addition, the signals are retimed to restore the transitions to half-bit-tine
boundaries; see 12.4.3.2.5 {or 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 ontput messape
from the Hub P18 to the PMA is used to transmit VL and CVH in addition to D0 and CD1.

12.4.3.2 Hub PLS Funections. The Hub PLS sublayer functions consist of three agynehronous fune-
tions, These funections are Upward Transfer, Jabber, and Downward Transfer. All three funclions are
started immediately lollowing PowerOn; an independent copy of the Jabber function is started for each
nort PMA. These functions are depicted in the state diagrams shown in Fig 12-13 through Fig 12-15, using
the notation deseribed in 1.2.1.

12.4.3.2.1 State Diagram Vaviahles, The variables used in the state diagrams and the correspond-
ing deseriptions are the following:

(1) Port Designaiors: Insfances of the PMA sublayer are relerred to by index. PMA information is
obtained by replacing the X in the desived function with the index of the PMA of interest, Further-
more, PRMAs may be referenced by several special designators used as indices:

X Generie port PMA designator. When X is used in a state diagram ite value
indicates the particular instance of a generic funetion.
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indicates the upper PMA.

indicales that all port PMAs are to be considered, Al povt PMAs myust moet,
a tesh condition in order for thnt fosd to pass,

Indicstes that all port PMAs that are not disabled by the Jabber Funetion
are to be considered. All auch port PMAg must meet a test conditian in order
for that test {o pass.

Indicates that all port PMAs that are not disabled by the Jabber Fanction
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.

Indieates that all port PMAs that are not disabled by the Jabber Funclion
are to be congidered. Two or more such port PMAs must meei a test condi-
tion in order for that test to pass.

Defined by the PORT function on exiting from the UPWARD IDLE state of
i 12-18, It indicates which port PMA coused the exit from the UPWARD
IDLE state.

Beturns the index of a port. PMA passing the indicated {est condition. If mul-
tiple port PMAs meet the test condition, the PORT function will return one
and only one of the acceptable values.

Indicates the state of activity on the designated PMA input channel, 7t may
be either *idle” or “active.” The former indicates thatl inpuf_idle is asserted;
the latter indieates that it is not asserted,

Used to recetve an input message (see 12.3.2.1) from the desigmated PMA
input channel.

Used to distinguish between the two allowed alternatives for exiting the
JABBER JAM state of Fig 12-14 when an active port becomes idle, The
implementor of a hub may treat the vaviable as either true or false.

Used {o send an output message (see 12.3.2.1 and 12.4.3.1) 1o the designated
PMA output channel.

Used to send an oudput_idle message {see 12.3.2.1) on the desipnated PMA
outpui channel.

tsed by the Upward Signal Transfer Function to indicate a series of output
messages to the upper PMA sublaver, the effect of which is to transmit the
CP signal, as described in 12.3.2.4.2, 12.3.2.4.3, and 12.4.3.2.7.

Used by the various instances of the Jabber Funciion to signal the Upward
Signal Transfer Punction that CP should be generated.

Used Lo disable the desipnated PMA input channel. The input is re-enabled
when disable-input(¥} is no longer asserted. Only the Upward Signal Trans.
for Funetion is alfected by the disabling of a port (via the ALLENABLED-
PORTS, ONEPORT, and >ONEPORT designators).
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Ind

inbberTimel Used by the dabber Funcilon (see 12.4.2 2.0 (s defect exvessiealy long troans-
inissions, 1t is stacted by “stoet jabberTmet” “labboeTimet dose” ig sotis.
fied when the thner has expired.

jabberTimez Used Ty the Jabber Puncion (see 12.4.20.2.3) (0 determune when o digable
ports  due o ewxcessively leong  Lransmissheng. I i slarled by
“atart_jabberTime2.” “jabberTime?_done” is satisfied when the timer has
oxpived.

12.4.3.2.8 Upward Bignal Transfer Funation, The Upward Signal Transior function combives
signals from the various port inputs and passes them on to the opper cutpui. IE alao detects and reports
collizions as apprepriate, The state diagram of Fig 12-13 dopicts its operation.

Powerdn
&

UPWARD 1DLE

o output__idle LIPPEF)

INPUT(ONEPORT) = activa INPUT( > ONEPORT = active
Ne=FORT(INPUT = aciive)]

UPWARD ACTIVE

= ouiput{URPER) =input{i)

INPUT{N}e=idlg INPUT(> ONEPORT)Y = active
“jabbar...collision + jabber__colfision

UPFWARD COLLISION

s send . collision

INPUT(ALLENABLEDPORTS) = idle
“labber__collision

Fig 1212
Heub PLE Upward Transfer Funection

Signals are propagated upward according to the following rules, except as conirelled by the Jabber Punc-
tion (see 12,4.3.2.3);

(1} IfIDL is present on all pert inputs, then transmit 101

(2) IfIDL is present on all buf one of the port inpuis, then repeat the signsl received from that one line,
If (hat one signal is CF, then 2 hub may generate its own CF signal instead of vapeating the veceived
CP signal.

{3) If two or more inpuis are active (non-IDL} at the same tme, then transmit CP and continue trans-
mitting CP until all inputs indicate IDL again.

Whenever the hub finishes transmitting CP, it shall then transmit 1D, including the extended 131
poeriod,
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19.4,3.2.2 Sabber Fonction. The Jabber Funetion detects abnormally lonr tmnsmissiens and takes
appropriate action fo abort them, The siate dipgpran of Fig 12-14 depiets {{s opuraiion.
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INPLIT{X) =idln E japbedimel . done™ iHPUT ) =actlive
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& fabber _collision

picbation_gllomaiive {Gabbelime2 dona +INPUTILIPPER) sidl)
IRPUTE) = idle INPUT(X) = activs)
+{probation . _aflermative tNPUT) = udle)

JABBER SHUTOFF

¢ disabia _ inpul(X)

INPLITE )= active INPUT(UPPER)=active INPUT(R)=idla
JABBER PRODATION

+ disable _input(})

E INPUTCE) = active THPUTIUPPER) =idle

Fig 12.14
Hub PLE Jabher Punclion for Port X

Two timers ave vsed by {he Jabber Function. They may be implemented either as loeud timers fur each
instance of the Jabber Function ar ae global timers shared by all nstances. Farthermore, because the two
timers are always started coneurrently, an implementation may share civeuftry between the two.

The fivst timer is started by “start_jabberTimel” and asserts “jabberTime_done” after 25 to 50 ms since
starting. If implemented as a single global timer, assertion of start jabberTimel by any insinnce of the
Jabher Funetion with any other instanec(s) still wailing for that timer shall not restart the timer, therehy
shoriening the waiting period for the latest ingtanee,

Similarly, the second timer is started hy “start_jabberThme2” and asserts “tabberTime? _done” after 51 o
100 ms since starting. If implemented as a single global timer, assertion of start jabberTime? by any
ingtance of the Jabber Function 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 sigle global timer, then assertion of start_jabheyTimel by any instance of the Jabber
FPunction with any other instance(s) still waiting for just the second timer (in the JABBER JAM state) shall
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be treated as if the first Umer expires immediately (assevting jabherTimel _dene) for the lotest instance,
thereby cansing that Instance to join the other insianee(s}) waiting for ihe second limer,

Hardware within the vpward side of 2 hub shall provide a window of 95 to 50 ms, duving which time a
normal packet or CP sequence may be propagated upward. If any port input {on, as an allernative imule.
mentation, the hub's combined upward signal} exceeds this duration without becoming idle, then the hah
shall switeh to trunsmitting CP until 51 Lo 100 ms after the beginning of the window and then, if that input
is stifl active, dizable that input (or all nonidle inpats) until it once again hecomes active while the dewn-
ward side i idle.

The “probation_alternative” input variable is used to distinguish hetween the two allowed alternalives
for exiting the JABBER JAM slate of Fig 12-14 when an active port beecomes idle. The implementor of a
Ivub may treal the varinble as either irue or false. If true, the port will enter the JABBER PROBATION
state (via the JARBER SHUTOFT state}; if false, the port will instead return to the JARBER IDLE state.

12,4.3.2.4 Bownward Bignal Transter Funetion. The Downward Signal Funciion repeats signals
from the upper input to the various port outputs. The staie dingram of Fig 12-15 depicts ils operation.

PowarCn

= DOWNWARD IDLE

* output___idle{ALLPORTS)

| INPUT(UPPER)=aclive

DOWNWARD ACTIVE

¢ QUIDUALLPORTS) = inpul{UPPER)

E IHPUTUPFER)=idis

Pig 12-15
Hub PLS Dovwnward Transfer Punction

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 transmitting CP, if shall then iransmit 1IDL, including the extended HI
periad,

12.4.3.2.5 Retiming (Jitter Removal), Bach side of each hub shall retime any clocked signals that
it propagates so that the transitions occur on half-bit-time boundaries, thereby aveiding accumulation of
excessive Jitter. Such retiming shall preserve the sequence of CDO, CD1, CVL, and CVH gymbols being
propagated.

If an ambiguity exists in the incoming bit cells due to excessive noise or jilter, than the appropriate side
of the hub may cither switeh to generating CP or replace the erroncous hit cell with an arbitrary comhina-
{ion of half or whole bit eells.

Retiming alse accounis for differences (if any) in clock rates between that used to send bit cells to the hub
and that used to send them out from the hub. Exeessive differences in clock rates (caused by clocks not
meeling 12.3.2.4.1) and excessively long packets (caused by exceeding maxTFrameSize) may cach cause the
capacily of the retiming funetion to be exceeded. In such civcumstances, the appropriate side of the hub
may either switeh to transmitting CP or add or delete half or whole bii cells as needed.
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Whenever hit colls nre added, deletod, or veplaeed, the hub shall mainiain synchronization of the outpo-
ing bit cells to a half or whole bit cefl boundary, Furthermore, it shall nol generate periods of move than one
hit Lime without a transition,

12.4.2.2.6 Hender Hub Wrap-Arvound. For each particu]ur network confipuration, one hub oper-
atas as the lieader hub and all others as intermedinte hubs, It is suggested, but not required, that hub
implementations be capable of being used for either purpose. Methads for swilching belween thege Lwo
modes are beyond the scope of this standard.

For an intermediate hub, the upper output shall be connected to a port input of the next higher-level hub
and the upper input shall be connected to a port output of a higher-level hub.

For the header hub, the upper output shall be connected to the upper input. This wraparvound may
appropriately bypass parts of the PMA specification so long as the resulting implementalion is functionally
equivalent to one with a wired conneetion. For example, signals internal to the hub need not be transtated
{o the corresponding external levels and then teanslated back to internal levels, Stmilarly, it shall not be
necessary to retime the wrapped signal twice, once in the npward side and then again in the downward
gide of the smne header hub; a single retiming is permissible.

12.4.2.2.7 Collision Presence Startup, When a hub starts generating CP (as specified in 12.4.3.2.2
{hrough 12.4.3.2.5) it shall synchronize the startap to a half or whole bit-cell boundary of uny immicdiately
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 that does not result in periods of more
thap one bit time without a transition during the switch from passing on data to sending CF. Depending on
the preceding signal, it may start with L0101, 010HL, 10HL0, OHLO01, or HLG10. Because startup may be
synchronized to any half-bit-cell boundary, a hub may alse transmil the shifted version of CI starting with
1LH10, LH101, H1011L, [01LH, or 01LH1.

12.4.3.3 Relinbility, Hubs shall be designed to provide a mean time between failure (MTBT) of at
least 45 000 hours of operation. Hubs, including the associated connectors and other passive components,
should be designed to minimize the probability that, a particular failure resulis in total network failore,
Furthermore, the port electronies of each hub should be designed so as Lo minimize the probability that the
failure of one port prevents ecommunication by equipment attached to the ether ports.

12.5 Physical Medium Altachment (PMA) Speeifieation

12.5.1 Overview. This section defines the Physical Medium Altachment (PMA) sublayer for 1BASES,
The relationship of this specifieation to the entire standard is shown in Fig 12-16. The PMA sublayer con-
neets the PLS sublayer to the Medium Dependent Interface (MDD.

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 hwbs,

12.5.3 Bignal Claracteristics

12.5.8.1 Transmitter Characteristics. Transmitters sheuld operate properly when loaded with any
cable meeting the requirements of 12.7. To approximate the boundary conditions of such loading, two spe-
cific test loads are specified, Transmitlers shall meet all requirements of this section when connected to
both the “Nght” {115 Q) load shown in Fig 12-17 and the “heavy” (approximately 80 1) load shown in
g 12-18. It is expected that transmitiers that perform correctly with these two loads will also perform
acceptably under intermediate Joading conditions.

12.5.3.1.1 Differential Gutput Voltage. For simplicity of explanation, the text and figures of this
section describe the differential output voltage in terms of voltage magnitudes. The requirements of this
section apply to the negative pulses as well as the positive ones.
Beginning with the second bit of the preamble (or CP, if no preamble is present), pulses of duration BT/2
shall meet the conditions of Fig 12-19, Pulses of duration BT shall meet the conditions of Fig 12-20. After
the zero-crussing, the output shall exceed the voltage of a signal rising from the zero-erossing to 2.0 V with
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Simaulated Light Lond

a slope of magnitude 20 mV/ns, The cutput shall remain above 2.0 V uniil 100 ns before the next, zero-
evessing. The peak output voliage shall not exceed 3.65 V. While falling from 2.0 V to the zern-cyossing, the
signal ghall exceed the voltage of a signal falling from 2.0 V to the zero-erossing with a slope of magnituda
20 mVins,

For pulses of duration BT, the average voltage that appears fromn 100 ne afier the zere-crossing through
BT/Z shall be betweoen 0.95 and 1.8 {imes the average vollage that appears from time B1/2 through 100 us
before the following sero-crossing. Similarly, for pulses of duration BT, the penk voltage thal appears from
100 ns after the zero-crossing throvgl B1/2 shall be between 0.95 and 1.8 times the peak voltage that
appears from time B37/2 through 100 ns before the following zere-crossing,

NOTE: The purpodc of the above restrigtionn o average and pealt voliages ix o avoid fransmilter waveforms that peak excessively
during Lhe zecond half of signals of duration BT, resulting in excessive jitlor at the receiver. Some equalization ta produce slight dreop
in the second hall of signabs of durslion BT, on the other band, may help decrease Jitter at the fnr end of long cabies.
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The smphitude of the power speetrum ab the output of the dransmittor v all poszible sequences of sig.
nuls shall pol exceed that produced by an idealized transmitier sending torresponding rectanmmdar wave-
forms with magnitude 365 V al any frequency,

When o fransmitter enters the idle state, 3 shall mainiain a minimuom differential cutput, voliage of
2.0V ivom 100 ns through 2137 after the last loweto high transiiion, as iflustrated in g 12221, The differ.
ential output veltage shall then fall to L4V within SBT after that same Jow-to-high fransition. Starting
when the differential cuipnt voltage first reaches 1.1 ¥, the suagnitude of the sutpul voltage driven into the
test loads indicated in Fips 12-22 and 12-23 shall then ramatn within the linsdis indicated in Pig 12-21 untii
the transmitter leaves the idle state.

The tramsmitter output at the start of idle may exhibit overshool, ringing, slow veltage decay, or a combi.
nation thereof due to the following factors:

{1} Change in transmiiter source impedance between the active and idle states
{2} Difference in the magnitodes of the differential output voltage between the high and low outpul
states (AV !

{3) Waveform asymmelry at the transmitier (AT)

{4) 'Pransmitter and receiver (fransformer} inductance (1)
NCTE: The eontributien to the undershioot from esch of these cnn he eomputed with the feilowing equations:

V-’““f)n
Vo ={2AT 1000 65} Vi Rypp £ R

kS 1’:!3‘\"['”-‘ R;}Hr f?,ﬂﬂz;

v, = Vg [ Lo o7 T psile o) )‘R(;m-‘ fRon

where

Ropr = Rajsore iRy,

Rosm = RanconiRi,

Rape gpw = mouree impedance ({1 when the driver s off

Rgpegy = gourne impedance (02) when the driver i en

Ry, = lowd impoedance (0}

Lp = combinmt induetanee {pH) of the transmitler and receiver yransformers
AV = difference (V) in magnitude of the TIT and LO eutput veltages

AT = asymmetry of the wavelorm eguals the difference betwesn the average HI and average LO pukie widths
{ns) at the transmitier

Vi = maximuse ouipuat voltage ¢V} during the start of DL

NOTE: The wavelorm shown in Fig 12-21 and the equations in the preceding nots apply to a transmitler connecied to the test loads of
Figs 12.22 and 1223, Ak actus] vecciver may present a more comples termiration impedance nnd o the undershoot or overshest may
(x:{mml that encountered with the tost Tosds.

12.5.3.1.2 Output Timing Jitter. The transmitted signal zero-crossings shall deviate from the ide-
slized zero-crossings by no more than 4 10 ns,

12.5.8.1.3 Trensmitier Limpedoance Bolonce, The longiludinal to metallic impedance balance of
the transmitter, defined as 20 log B,/ Baied, where 15, is an externally applied ac voltage, as shown in
Figr 12.24, shall exeeed 44 dB3 at all {requeneies up to and inciuding 4BR in the idle and nonidle states,
NOTPE: It may be difficult Lo measwre the transmitler impedance balaver in the nanidle state. A frequency-selective wavemeter gr

other measurement fechnigue may be required. Furlhermore, the baiance of the test equipment {such as {he matehing of the 400 &
resistors) must exceed that required of the transmitten

12.58.3.1.4 Common-Mode Gutput Voltsge. The magnitode of the total eommon-mode ovtpul voll-
age of the transmitter, B, measuved as shown in Fig 12-25, shall not exceed 300 mV,
NOTE: The 1mplommlm should consider any applicable locad, antional, or internationad re{;ulai:om nnd standards eoncerning RV

emisgion, Driving unshielded twisted pairs with high-frequency commaon-mosde voltages may resull in interference fa other cquip-
ment.

12.5.3.1.5 Common-Mode Telerznes, Tranemitiors shall meet the requireents of 12.5.3.1.1 and
12.5.3.1.2 even in the presence of common-mode sinusoidal voliage, B, (as shown in Fig 12-26), of 4: 20 ¥
peak al frequencies from 40 kHz through 6BR.
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Fig 1226
Transmilier Common-Mode Tolerance

12.6.3.1L.6 Transmitter Fault Tolerance. Transmittors, bath when idle and when nonidle, shail tol-
crate the application of short cireuils seross their outpuots for an indefinite period of time withoul damage
and shall resume normal operalion afler such fuults arve remaved. The magniiude of the current through
such a shwort circuit shall not exceed 300 mA,

Transmitiers, both when idle and when nonidle, shall withstand, without damage, a 1000 V common-
mode impulse of either polarity, applied as indicated in Fig 12-27. The shape of the impulse shall be 0.3/
50 us (300 ns virtual front time, 50 us virtual time of half value), as defined in IEC Publication 60 (sec Ref-
erence {111}

IJOTE: Thleranee of, nnd vecovery from, the applieation of the telephony voltages deseribed in 12,30.2 is optional, bui the safoty
requirements of that section ave mandatory,
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Common-Mode Impulse Test

12.5.2.2 Receiver Chavacteristics

12.5.3.2.1 Differantial Input Vollage. The veeeiver shall operate properly when a signal meeiing
the minimum magnituzde requirements of Fig 12-28 is veceived. When lesz than 300 mV, the magnitude of
the voltage will exceed that of a straight line through the nearest zero-crossing with slope of magnitude
9 mV/ns. That is, the average slew rate near each zero-crossing will exceed 9 mVns. The magnitude of the
voltage will alao remain at or above 1.0 V {or some period lasting at least 150 ns (630 ns for pulses of durn-
tion BT) that starts within 250 ns of the preceding zevo-crossing and its peak will be at least 1.1 V.

s

g mVins 9 ming

0
-] 1@» 333 ns 333 ns -@{ ai

b 250 NE

Ea

e BTI2 (o1 BT, nominal
Fig 12-.28

Receiver Signeai Eanvelope

12.6.3.2.2 Input Timing JHter, Receivers shall operate properly with zero-crossing jitter of up to
4 32 ns from the ideal.
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12.8.8.2.2 Idle Input Behaviow The IDL condition shiall be detectod within 1.8 bif Limes of the lagt
fow.-to-high transition ot the receiver.

NOTES: (33 It s necessary Lo distinpoialy OV froon 1D1.

(2 Bysiem jitter considerations meke it imprasticol 1o deiect 1DV (zeted, end-ol-transmizsdon delimiferd any zooner than 1.3 big
tinten, The gpecific implementation of the clock recovery mechanism, or eguiviilenl, determines the lower bound on ihe actiaf iDL
detestion time, Adoguate margin should o provided Lbetween the lowoer bound and 1.8 bit times,

The receiver shall tike precautions to easure that the Hi-to-silence transition of the start of 1D is not
falsely interpreted as a silence-to-nonidle transition, even in the presence of signal droop, overshoot, ring-
ing, slow voltage deeay, or a eomabination thereof due to capacitive and inductive effects in the transmitter,
cable, and receiver, including those discussed in 12.5.3.1.1.

To this end, a receiver in a hub shall treat its inpul as if it were idle for between 20 and 30 us after
detecting IDL, The timing of this “protection” period for the porl PMAs may use a single timer that is
stavted when all ports have become idle or disabled by the Jabber Punction. Receivers in DTEs may
include a similor protection period of up to 30 us,

NOTE: The protection period is required in hubs becsuse erroneousty interpreting the start-ofdle as a new ransmission will resalt

in propagation of the eeror to DTEs, despite any precautions talen in thiose DTEs, The protection povied is optional in DTEz because
any hnplemeatation error in a I'TE will affect only that particuiar DTE,

12.5.8.2.4 Differential Input Dupedance. The {complex} differential inpul impedance of the
receiver, Zoiven Shall be such that the reflection attenuation, defined as 20 logyy (] Zipaiver #Zcatte )| Zre.
coivar ™ eavic ] )y where Zg s the differential characteristic impedance of the attached cable, exceeds 16 dB
over the range BR/2 through 2BR for all cables meeting the vequirements ot 12.7.2.

12.5.3.2.5 Common-Mode Rejection, Receivers shall assume the proper ouiput state for any dif-
forential mput signal, E,, that results in a signal, Egy, that meets 12.5.3.2.1 and 12.5.3.2.2, even in the
presence of common-mode sinusoidal, voltages, B, {as shown in Fig 12-29}, of $20 V peak at (requencies
from 40 kHz tlwough 6BR.

AVAVAY,
4711

.

4000
t

HAECEIVER

0

4004

47 Q

Frig 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 deserthed 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,
(2% When idle, a receiver uged in a DTE shall not falsely deteet carrier more than one in 100 s.
(3} Whon idle, a receiver used in a hub shall notl falsely detect carrier more than once in 1500 5.

MNOTE: Receivers whese inpuls include o 2-4 MHz, 2-pole, low.pass, Butterworth filter and a 560 mV squeich lovel will moed this last
requirement fer idle-mode noise nwunity yet still perfors properly with the weakest signal allowed by 12.5.3.2.1.

234

CISCO 1022
Cisco v. ChriMar




- L ISOMEC 88023 - 1503
CEVAKCL AREINELD Btd 8025, 1908 Sdifion

12.5.3.2.7 Recelver Fault Tolerance. Recelvers shall lolerate the applicstion of short cireuits
across their inpuls for an indefinite peried of time withont dwmage and shall resume normal eperstion
after such fanlts are romoved.,
Receivers shall withstand, without damage, o 1000 V commisnanode tmpulse of either polarily, applied
as indicated in Tig 12-27, The shape of the impulse shall he 0.3/60 ps (300 ns virtual front time, 50 s vie-
tual fime of half value), as defined in I2C Publication 80 {zer Reference [111).

MNOTE: Tolerance of, and recovery ivom, the application of the telephony voltnges deseribed in 18302 i3 apliona], but the safely
requiremients of that section are mandatory

312.6 Medinm Dependent Indexface (MBI} Specification

12.6.1 Line Interfnce Connector 8-pin conneclors mesting the requirements of Seetion 3 and Figs 1
throngh 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, f any, wilhin a PMA or within the mediom,
although not explicitly prohibited, is ouiside the scope of this standard,

12.6.2 Connecior Contacl Assigamentz. The contacts of the conneclors, as depicted in Figs 12-30 and
12-31, shall correspond {o signaling circuits as indicated below:

Coondact Signal
1 Upward Data+ {positive for HI signal)
2 Upward Data~ (negative for I signal)
3 Downward Data+ (positive for HI signal)
4 not nsed by 1BASES
5 not uscd by 1BASES
G Downward Dala~ (negative for HI signal)
7 reserved
8 reserved

FFor DTEs and the upper MDI of hubs, contacts 1 and 2 are used for transmitting and contacls 3 and 6
are used for receiving, Tor the port MDIs of hubs, however, contacts 1 and 2 are used for receiving and con-
tacts 3 and 6 are used for transmitting,

g 12.30 Fig12-21
DR and Hub Connecior Cable Connecior

12.6.3 Labeling. To distinguish 1BASES conneciors from those used for other purpeses, it is recom-
mended that appropriate labels be affixed to wall oullets and other connectors. This is particularly impoe-
tant in envirenments in which the specified 8-cantaet connectors are used for more than one purpoese,
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127 Cable Mediom Charocteristics

12.7.1 Overview, A signifieant number of IBASES netwsvrks arve eapected to atilize in-place building wir
ing. In this envivonment, D'TEs connect (o wall oullels nsing twisted pair telephone cord. The wall outlets,
in turn, conunect {o wiring clesets, where habs could be loeated, using sitandard telephone wiring. This wir-
ing typically congists of 0,4-0.8 mum diameter (26-22 pauge} unshiclded Lwisted pairs,

12.7.2 Frangmisgion Parometers. Bach wire pair used {0 interconneet DTEs and hubs shall meet the
requirernenis of 12.9.3 and alse have the following characteristics,

12.9.2.1 Alfenuation. Total cable altenuation between a transmitier end the corvesponding receiver
shall be no more than 6.5 dB at all frequencies between BR/Z and BR, 9.2 dB at {requencies between BR
and 2BR, and 13.8 dB at frequencies between 2BR and 4BR.

12.72.2.%2 Diffeventinl Charactevistic Impedanee, The magnitude of the differential characteriztic
impedance at frequency BR, Zpg, of each wire pair used shall be belween 80 £ and 115 . In addition, the
magnitude and phase angle of the charvacteristic impedance at each of the following frequencies shall be
within the corresponding ranges indicated:

Mammitude Phase Anvle
Frogquency Minipmm Maximurm Minimum Maximunm
BR/M Zan Zpp + 78 -10° 0°
BR/2 Zg[{ ZBR + 0L -~ 0
BR Zpr (35 -6° 0°
2BR Zpp— 40 78R -9 0°
4BR Zpp- 060 Zpn -3" 0=

12,723 Medivm Timing Jitter. Intersymbol interforence and refleetions due to 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 € shall add no more than & 17 ng, referenced to the transmit clock, of
adge jitter when driven with a rectangular signal of magnitude 2.5 V through a source impedance 22 €,
‘The driving signal shall be o Manchester-cneoded pseudo-random sequenee of data with o repotition period
of at least 511 hits.

NOTES: (3) The reflections eaused by splicing twa cable seclions thatl have different chnracteristic impedanses (but that ench meot
the requirements of 12.7.2.2) will not conlribute sigoifieantly to timing jitter if the splice is within 190 m of cither and of the sezment,

(23 Branches off o wive pair {often referred to as “bridged taps® or “stnbs®) will penerally cavse excosgive jitter and so ehould he
avided.

(3} ditter can be measored ot the reevivirg end of & zepment using sn oscilloscops. The oscilloscopn v triggered on zoro-crozsings,
the deviation of subsequent zero-crossings from multiples of BT/2 35 then obzarved. 'Phe deviation of ench zers-crossing muost not
exceed & 34 ns,

12.7.2.4 Dispersion. Bach wire pair shall produce an sutput sipnal that meets thie zerg-crossing edge
rate deseribed in 12.5.8.2.1 when driven with a 1 MH= trapezoidal signal of magnitude 2.0 V (1hat is, 4.0V
peak-to-peak) with edge rate 20 mV/ns.

12.7.5 Coupling Parvameiers. To avold excessive coupling of signals between pairs of a cable, the
erosstalk and imbalanee must he limited,

Crogstall attenuation is specified with the far end of both the disturbed and the disturbing pairs and the
near end of the disturbed pair terminated in 96 Q.

12.7.3.1 Paiv-to-Paiy Crosstallz, The near-end, differential, cresatalk attenuation between each wire
pair and cach ather pair in the same cable shall be at least 45 4B frequencies ap to BR and at least 45 ~ 15
logyn (VBIR} dB for each frequency { between BR and 4BR,
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12.7.2.9 Multiple-Disturber Crosstali, The near-end, differential, vrosstalk attennation belween
multiple disturbing wire pairs and a disturbed pair in the same cable shall be at least 38.5 dB at frequency
BR and at least 38.5- 15 loge (FBR} dB for each frequenecy { between BR and ABR.
When two or more disturbers are present in a common cable sheath, the mudtiple-disturber, near-end,
crosatalle attenuation (MDNEXT) inlo each pair, measured in d3, may be determined using the following
equationa:

(- X,/20
o= (VA s 0,
HJ zi ?jl cos 0,
. [-X 120}
V= Zi?jl() sin

MDNEXT, = 10log , (F¥+ V)
where:

i iterates aver each disturbing pair

j is the disturbed pair

X, is the magnitude of the near-end, differential, crosstaik attenuation from pair 1 Lo pair §
0; is the phase angle of the near-end, differential, crosstali atienuation 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 vniformly distributed between 0
and 2 rad.

NOTE: Ste Appendis A2 for example computations of MDNEXT distributions,

12.7.3.2 Balance. The lengitudinal to metallic balance of the cable, defined as 20 logyg (. 2B,
where By is an externally applied voltage, as shiown in Fig 12-32, shall exceed 44 dB at all frequencies up
o 4B 1.

NOTE: The balsnce of the test squipment {such s the halance of the transformer and the matehing of the 300 L resisters) must
excoed that reqguired of the cable.

11

~ 2290

Y AV Y
co0 300a i KIEARH

TN

i

Fig 12-32
Cable Balance Test
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12.94 Noise Enviromment, Links used with 1BASES shall provide a nuise envirsnment no worse than
that deseribed bolow, Fhe total neise environment genervally regulis {rom two primacy contributions: aelft
erosstalle fremn other IBASES wire pairs and exteenally induced fupulse noize, {ypieaily from telephone
ringing and dialing sipnals, and office machinesy. For the purposes of this siandard, it can be assumed that,
the two components contribute independently and so the total ervor rate can lie appropriately sphil between
the twa.

12.7.4.1 Impulse Neoise, Tho noise voltage on wire pairs terminated at both ends in 96 £2, as measured
through the following specified filters, shall not exceed the eorresponding threshiold voltages more than 9
times per 1800 s interval. Following the start of any particolar impulse that iz counted, any additional
impulses shall be ignored (that is, not eounted) for a pesiod of 100 ps. Each filter iz 8 2-pole Butterworlh
few-pass filter wilh the indicated cut-off (3 dB point) frequency.

Cui-OIf Freauency Threshold
2 ME:z 170 mV
4 MHz 275 mV
10 MTHz H60 mV

The tmpulse noise eccurrence rate changes inversely by enc deeade for each 7 dB e¢hange in ihe threshold
voliage. That is, if the noise occurrence rate is & connts per 1800 s at a particular threshold volinge, then a
rate of 9 counts per 18 000 s will accur at a threshold 7 dB abave that voltage. I a count rate of N counts
per 1500 & is measured on a specific eable and filter at the specified voltage threshold, the media noise mar-
gin is 7 logyq (9/N} dB.

12.7.4.2 Crosstalk. The level of crosstalk noise on a pair depends on the level of the disturbing sig-
nal{sy and the crossialk atlenuation from the pairis} carrying the signalis). With the maximum transmit
level specified in 12.5.3.1, the sinusoidal cresstalk attenvations specified in 12.7.3.1 and 12.7.3.2, and mul-
tiple, synchronized, random Manchester disturbers, the peal self-crosstalk {that is, crosstaik from other
IBASES sipmals) noise levels, as measured through the following specified filters, shall be less than or
cgual {o the levels indicated below. Bach filter is a 2-pole Butterworth low-pass filler with the indieated
ctt-off (3 dB point) frequency.

Cut-Off-Freguency Level
2 MHz 05 mV
4 MHz 160 mV

12.8 Special Link Specification

12.8.1 Overview, Some 1BASES nelworks may reguire extension beyond the lmits imposed by 129 or,
due to the installation environmend, may reguire special media such as optical fiber, bigh-grade eable, or
even free-space Lransmission. The detailed design of special Hnks that replace standard links for use in
such eircumstances 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
equipment,

12.8.2 Pransmission Characteristics, Special links shall meet the overall altenuation, jitler, and dis-
persion specificationg of 12.7.2.1, 12.7.2.3, and 12.7.2 4, 1espectively. Total noise introduced due {0 crosstalk
or other sources shall not exceed that allowed for standard media, as specified in 12.7.4, To the extent that
it aficcts operability with 1BASES transmitters and receivers, speciol links shiall also meet the impedance
and balance requirements of 12.7.2.2 and 12.7.3. The delay and preamble loss allowed for special links is
specified in 12.9.4,

12.8.3 Permitted Configurations, No more than one special link is permitied in the path between any
DTE and the header hisb, That is, special links may be instalied in parallel but not in series.

NOTE: Bpeciat links may he conthined with other 1BASES companents, such as hubs, Such combinations are subjecl to the perfor-

wanee specifications of thie standavd only as visible ol their external interfaeces. For example, explicit MDla are not requiral internal
{0 such combinations,
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129 Timing

12,41 Ovorview. The succeseful intereonmection of muliivender aystern compenents mandates (il
delay and bit loss be allocated fairly and realistically among the various system elements. The halanee of
this section defines the upper limits of delay and bit Joss aliocated to vaeh component. These values allow
proper operation with the worst-case system configuration of five levols of hubs, speeial links, maxinun-
Jength cable segments throughout the network, and colliding OTEs at extremos of the nelwork.

12.8.2 DTE Timing. DTE Initial Transmit Delay is the time from the first full transition (due to the first
GUTPUT_UNIT of preamble) from the MAC Lo the first full transition (after startup bit loss, if any) at the
WMD), This delay shall not exeeed 3BT, The start bit logs shall not exeeed 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 deferval
process in the MAC. Therefore, there is a window in which a DTE may fail o defer to a transmission even
after it has arvived at the input. The DTE Deference Delay is the time from the receipt of the first transi-
{ion of the preamble at the MDT unfil the last moment thai the DT wight start transmitting at the MDL
This delay includes the following components:

(1) The delay from the first input transition at the MDI to CARRIER_ON at the PLS-MAC interface

(2) The delay through the MAC processes from CARRIER_ON to the lazt moment 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 ol
the MDI

The DTE Deference Detay shall be ne more than 215T.

The DTE Collision Shutdown Delay is the time from the first OV or CVH avriving ot the MDI of 2 frans-
mitting I'TE until that DTE transmits 1DL at that interface, This {ime shall be no more than 26BT +
jamSize=58BT. This limit shall not start until afier the <sfd> has been transmitied.

12.8,3 Medinm Timing. The Medium Transit Delay is the time from when a signal enters the medium
until that signal leaves the medium., This delay shall not exceed 4BT.

12.9.4 Speeinl Link Timing. The Special Link Transit Delsy is the time from when a signal enters a
special link until that signal feaves the special link. This delay shall not, exceed 15BT. The preambie leav-
ing a speeial link shall be no more than 2 bif, cells longer than the preamble sent to that speeial link and no
more than 1 bit cell shorter than the preamble sent (o Lhat special link. For the purposes of these limits
only, the first bit transmitted shall be considered part of the silence of the preceding IDL unless it meets
the requirements for the succeeding bits specified in 12.5.3.1.1 and 12.5.3. 1.2,

12.9,5 Huzh Timing. Hub Stactup Delay is the time from when the first bit cell of the preamble arrives at
a hub until the first bit cell (also preamble} leaves that hub. This time shall be no greater than 12BT. The
preamhle sent by a hub shall be ne mere than I bit cell longer than the preamble sent to that hub or more
than 4 bit cells shorter than the preamnble sent to that hub, For the purposes of these Hmits only, the first
bit transmitied shall be considered part of the silence of the preceding IDL unless it meets the require-
ments for the succeeding bits specified in 12.5.3.1.1 and 12.5.3.1.2.

Hub Idle Collision Startup Delay applics to any case in which CP arrives preceded by fewer (o no) bit
times of preamble than the Hub Starlup Delay. The time {ram arrival of the first bit cell (cither prenmble
or CP3 until the fiest bit cell leaves the hub ghall he no greater than 1287

Hub Transit Delay iz the thime from the arvival of any bit ceil at o hub to the transmission of the corve-
gponding bit cell from the hub. This delay shall not uxceed 9B, excluding the camulative effects of clack
tolerance.

The transit (propagation) delay between the vpward and downward sides of the Header Hub shall be
negligibie.

Hub Delay Steetely/Shrink is the inerease or decrease in a hul's trangit delay due to the effocts 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 vield & maximum stretel or shrink of (56 + 8 + 1518 - 8) - 0.01% - 2 < 3BT,
both at any given hub and through an entire network,
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Fub Collision Detect Delay is Uie Ui required for o hub Lo deteet multiple wicoming signals and initiate
transmission of CP The time ontil transmission of the fivst CVIT or OV shall be po greater than 21BT

Huh Active Collizion Startup Delay is the time frem the avrival of the fivat CVH or OV of a CF pattern
at a hob that is repeating bit cells until teansmisgion of the fivst CVH gr CVL from the hub. This defsy
shiall be no greater than 12B7 in either the upward or downward divection.

Huhb Collision Shutdown Delay is the time from IDL arriving o4 o hub that is passing on or generating
CPuntil that hob starts transmitiivg 1D, This delay shall be Hinited to 9BT. The imit is relaxed to 2587,
however, for the upward side of o hub that is generating CP. This exira allowance is made to avoid requir-
ing implementation of & separate <etd> detection mechanism in each port of the hub,

12,30 Safety. Implemeniors are urged to cansult the relevant local, national, and international safely regu-
lations to ensure compliance with the appropriate standards. EIA CBS8-1981 (see Annex [12]) provides
additional guidance concerning many relevant regulatory requirements,

Sound installation practice, as defined by applicable codes and regulations, shall be followed. BCMA-97
(sec Annex 111]) describes safety requirements for local area networks.

12,101 Esolation, Bach PMA/MDI interface lead shall be isolated fyrom {rame ground. This clectrieal sep-
aration shall withstand at least one of the following electrical strengtl tests:

(1) 1500 V {rms) at 50 to 60 Hz for 60 5, applied as specified in Section 5.8.2 of IEC Publicalion 950 18],
{2y 2250 V (de) for 60 s, applied ag specified in Section 5.3.2 of [EC Publication 950 (see Reference [8]).

(3) A sequence of ten 2400 V impulses of alternating polarity, applied at intervals of not less than 1 s,
The shape of the impulses shall be L2/50 ps (1.2 us virtual front time, 50 us virtual time of half
value), as defined in IEC Publication 60 {sec Reference [11]).

There shall be no insulation breakdown, as defined in Section 5.3.2 of 1EC Publication 950 (sec Reference
[8]), during the test. The resistance afier the test shall be at least 2 MQ, measured at 500 V {de).

12.10.2 Telephony Veltages. The use of building wiring brings with it the possibility of wiring errors
that may connect telephony voltages to 18ASES cquipment. Other thon voice signals (which are very low
voltage), the primary vollages that may be encountered are the “baliery” and ringing voltages. Although
there iz no universal standard that constrains them, the following mazimums generally apply:

{1) Batlery voltage to an on-hook ielephone line is about ~56 V (de) applied to the line throuph =2 bal-
anced 400 Q source impedance. This voltage is used to power the telephone instrument and detect
the off-hook condition. Source inductance can cuuse lurge spikes on disconnect.

(2) Battery voltage to an olfhook telephone line is also about ~86 V {de) applied to the Hne through a
balanced 400 O source impedance, but most of the voltage appears across the source impedance
because the telephone instrument’s impedance is velatively much lower

{3) Ringing voliage is a composite signal. The first portion can be up te 175 V peak at 20 {0 66 Hz, lim-
ited by a 100 £ source resistance or a 400 to 600 Q source indvetive impedance. The second portion
is ~86 V (dcy limited by a 300 to 600 Q souree impedance. Large spikes can ceeur at the start and
end of each ring.

Although 1BASES equipment is not required to survive such wiring hazards without damage, applica-
tien of any of the above voliages shall not reault in any safety hazard.

NOTE: Wiring errors may bnposs lelephony voltages differentially across the 1BASES fransmitters or receivers, Beeause thoe tormi-
nation reststnnes likely 1o be present acrees a recpivers input is of sebstantially lower impedance than an off-hook telephunc instru-
ment, however, recetvers will gencrally appear w the telephone system as off-hoek telephones. Full ving voltapes, therefore, will be
applied {or only short perinds of tfme. Trangmiticrz that are caupled using teansformers witt similarly appear lilke o hook telephones
itheugh perhups a bit more slowly) due to low resistance of the Granslormer coil,
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18. System Considerations for Multisegment 18 Mb/s Baseband Networks

181 Overview. This section provides information on butlding multisegment 10 Mb/s baseband networks
within o single collision domain, The proper operation of a CEMA/CIY network requires network size to be
limited o conirol round-trip propagation delay to meet the requirements of 4.2.3.2.3 and 4.4.2.1, and the
number of repeaters between any two Data Terminal Equipments (DTEs) to be Hinited 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.

ROTE: Information on 10BASE-T is included to begin the process of developing this seclion. It is intended that 8.6.1 snd 10.7.1 he
merged ints this section in the future aed that any new 108BASYE segionts be added to this section.

13.2 Definitions. Terminology used in Section 13 is defined here:

colligion domain. A single CEMA/CD network. If two or more Media Access Control (MAC) sublayers are
within the same collision domain and both fransmit at the same time, a collision will oceur, MAC sublayers
separated by a repeater are within the same coliision domain, MAC sublayers separated by a bridge are
within different collision domains.

Mok segment, The point-to-point full duplex mediwm connection between two and only twe Medium-
Dependent Interfaces (MDIs),

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 segments, is constrained by the limits of individual network components. These
limifs include the following:

{1} Cable length and its agsociated propagation time delay.

{2) Delay of repeater units (start-up and steady-state).

{3) Delay of MAUs (slart-up and steady-state),

(4) Interpacket gap shrinkage,

(5) Delays within the DTE associated with the CEMA/CD access method.

Table 13-1 stunmarizes the delays for the various network media segments:

Table 13-1
Delays for Metwork Medin Begmenis

. . - Maxinunn
P Mazimum Maximum Minimum A
QM“]"‘ MNumber of Segment Medium Med],um
.)ﬂgment -\TAU e L th p " 1‘- Df?h}"{ per
Type h B per eng ropagation Segment
v Segmenl (m) Veloeity tne)
{Coaxial
10BASES 100 5010 0%Te 2166
10BASE2 20 185 0.5 ¢ 050
Link
FOIRL q 1600 0.65¢ 5000
LOBASET 9 109! 058 ¢ 1000
AU 1 DTEN MAU 50 0.65¢ 257

o= 3% 10% mfs .
'Actual maximum sogment length depends on cable charaeteristics; ses 14.1.1.3,
“ATIY is not n segment,.
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In addition, Table 14-1 summarizes the delays for the 10BASE-T MAU; Seetion 8, the delays for the
10BASES MAU; Seetion 10, the delays for the 10BASEZ MAU; and Scetion 2, the delays of the fiber optie
inter-repeater link (FOIRL) and the repeater.

The following network topology constraints apply for 10BARE-T networks as well as mixed-media net-
works containing LOBASE-T link segments:

(1)
2)
{3)

4

Hepeater gets are required for all segment interconnection,

MAUs that are part of repeater sets count toward the maximum number of MAUs on a segment,
The transmission path permitted between any two DTTs may consist of up to five segments, four
repeater sets (including optional AUTs), two MAUs, and two AUls.

When a network path consists of four repeater sets and five segments, up to three of the segments
may be coaxial and the remainder must he link segments (Figs 13-1 and 13-2), When five segments
are present, each FOIRL link segment should not exceed 500 m.

When a network path consists of three repeater sets and four sepments, the maximum ailowable
length of the FOIRL semments is 1000 m each, as specified in 9.9 (Fig 13-3).
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14, Twisted-Pair Medium Attachment Unit (MAU) and Baseband Medsiuwm,
Type 10BASE-T

141 Secope

14.1.3 Overview. Section 14 defines the funetional, eleetrical, and mechanical characteristics of the Type
1OBASE-T MAL and one specific medium for use with thal MAUL The relationship of this specification to
the enfire ISO/IBC 8802-3 CEMA/CD Local Avea Network Specifieation is shown in Fig 14.1. The purpose
of the MAU is to provide a shaple, inexpensive, and flexible means of attaching devices to the medium.

This MAU and medium specification is aimed primarily at office applications where twisted-pair eable is
often installed. Installation and reconfiguration simplicity is allowed by the fype of cable and connectors
uged,

The 10BASE-T specification builds upon Sections 1 through 7 and Seetion 9 of this standard.

14111 Medinm Attachment Unit (MALD. The MAU has the following general characleristics:

{1) Enables coupling the Physical Signaling (PLS) sublayer by way of the Attachment Unit Interface
(AUD to the baseband twisted-pair link defined in Section 14,

(2} Supports message traffic at a data rate of 10 Mb/s,

(3} Provides for operating over O m to at least 100 m (328 {t) of twisted pair withoul the use of a
repenter,

(4) Permits the Data Terminal Egquipment (DTE) or repeater to confirm aperation of the MAU and
availahility of the medium.

{6} Supports network configurations using the CSMA/CD accessg method defined in ISO/ARC 88082.
3: 1993 with baseband signaling.

(6) Supports a poini-to-peint interconnection between MAUs and, when used with repeaters having
multiple porte, supports a star wiring topology.

{7y Allows incorporation of the MAU within the physical bounds of a DTE or repeator.

14.1.1.2 Repeater Unit. The repeater unit is used to extend the physical system fopology and provides
for coupling two or more segments. Repeaters ave an integral part of all 10BASE-T networks with mare
than two DTEs (see Figs 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 o DTE and therefore has slightly different requirements for iis
attached MAUs, as defined in 9.4.1. Repeater sets with 10BASE-T MAUs are required to provide the auto-
partition/reconnection algorithm on those ports, as specified in 9.6.6.2.

14013 Twisted-Pair Media, The medium for J0BASE-T is twisted-pair wire. The performance spec-
ifications of the simplex link segment are contained in 14,4, This wiring normally consists of 0.4 mm to
0.6 mm diameter [26 AWG to 22 AWG] unshiclded wire in a muliipair cable. The performance specifica-
tions are generally met by 100 m of 0.5 mm telephone fwisted 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
usetl when referring to the length of a twisted-pair link segment.

14.1.2 Definitions. This section defines the terminology specific to Type 10BASE-T MAUs and their
application to repeater units.

hit timme (BT). The duration of one bil symbol (/BR).
cellision. A condition that resulis from concurrent transmissions from multiple signal sources,

ceommon-mode voliage. The instantianeous algebraic average of two signals applied to a balanced civeuit,
both signals referred to a common reference. Also called longitudinal voltage.
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10BASE-T Relationship to the ISO Open Systems Interconnection (GSI)
Reference Model and the INEE 802.3 CSMA/CD LAN Model

cross covnect. A group of conneclion points often wall- or rack-mounted in 7 wiring closet, used to
mechanically terminate and interconnect twisted-pair building wiring,

differentisl-mode voltage. The instantaneous algebraic difference between two signals applied to a bal-
anced circuit, both signals referred to a common reference. Also called metallic voltage.

Mediuwm-Dependent Interface (MDI). The mechanical and electrical interface between the twisted-pair
link segment and the MATU.

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

Physical Bignaling (#LS) 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 cennectors, con-

sisting of one or more twisted pairs joined serially with appropriate connection devices, for example, patch
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-prir 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 erosstalk 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
MAUs (see Fig 14-2),

14.1.3 Application Perspective. This section states the broad objectives and assumptions underlying
the specifications defined throughout Section 14.
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i4,31.8.1 Objectives

(1) Provide the physical smeans for communication befween LAN Data Link Layer Bnfities.

(2) Hnasure compatibility of independently developed physical and electrieal interfzees,

(3} Provide a communication channel with a mean bit error rate, at the physical layer service intevface
of less than ene part in 105,

(4} Provide for casze of installation and service.

{5} Ensure that fairness of DTE access ig not compromised.

() Provide for low-cost networks, az related to both equipment and cabling.

(7y Make use of telephone twisted-pair building wiring and telephony wiring prackices.

14.1.2.2 Compatibility Considerations. All implementations of ihe twisted-pair ink shall be com-
patible at the MDI. The MALU and the medium zre defined to provide compalibility amoeng devices designed
by different manufacturers. Designers are free to implement civcuitey 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 MATU is capable of operating in normal mode only (see
7.1.4). The MAU shall not operate in maonitor mode.
When normal mode is in operation, the MAU functions ag a direct connection bhetween the mediom and
the DTE or repeater, Data from the DTE or repeater is output to one of the simplex link segments of the
link segment, nnd data received on the other simeplex link segment is inpui to the DTE or repeater.

14.1.4 Relationship to PLE and AUL A close relationship exists between Section 14 and Section 7. Sec-
tion 14 specifies the phyeical medium parameters and the PMA logical funciions 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 AUT services specified in Section 7, 10BASE-T MAUs do not support the optional
isolate function, the optional CO eircuit, or the sptional C51 signal on the CI circuif.

The design of an external MAU component requires the use of both Section 14 and Section 7 for the PLS
and AUI specifications.

The figures and numerous textual references throughout Section 14 refer to terminology associated with
the AT (that iz, DO, D1, and CI). Since an embodiment of the 10BASE-T MAU dees not reguire 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 Funetional Specifications. The MAU provides the means by which signals on the three AUI
signal circuits 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 fo handle megsage flow
between the DTE or repeater and the twisted-pah- link segment:

{1} ‘Transmit function. Provides the ability o transfor Muschestor-encoded data from the DO civenit to
the TD circuit. While not sending Manchester-encoded data on the T circuit, the MAU gends an
idle signal, TP_I1DL, on the TD circuit.

{2} Receive function. Provides the ability to transfer Manchester-encoded data from the RD cirenit to
the DI circuit. While not sending Manchester-encoded data on the DY cireuit, the MAU sends an idle
signal, IDL, on the DI circuit.

{3) Loopback function. Provides the ability to transter Manchester-encoded data from the DO to the DI
circuit when the MAU is sending Manchester-encoded data to the TD cirewit,

(4) Collision Presence function. Provides the ability to detect simulianeous ncenrrence of Manchester-
encoded data on the RD and DO eireuits and Lo report such an occurrence as a collision.

(5 signal_guality_error Message (SQE) Test function. Provides the ability to indicate to the ITE that
the Collision Presence function is operalional and that the signal_guoality_error message can be sent
by the MAIL

{G) Jabber function. Provides the ability to prevent abnormally long reception of Manchester-encoded
data on the DO circuit from indefinitely disrupting transmission on the network, While such a con-
dition is present, iransfer of Manchester-encoded data by the Transmit and Loopback functions is
disabled.
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(7) Link Integrity Test function. Provides the ability to protect the network from the consequences of
failure of the simplex link attached to the RD cireuit, While sueh o failure is present, franafir of i
Manchester-encoded data by the Transmit, Heeceive, and Loopback funetions is disabled.

142.1 MAL FPunctions, The MAU shall provide the Transmit, Reecive, Loopback, Collision Presence,
Jabber, and Link Integrity Test functions, The SQE Test {unction shall be performed by MAUs thai are
cannecied to D'Ts and shall not he performed by MAUs that arc cormected to repeaters. £ erpability may
he provided in the MAU Lo activate or inhibit the SQE Tesi function. 1L is not reguired that a MAU deter-
mine that it is connected o either a I'PE or a repeater and automatically activate or inhibit the SQE Test
function.

14.5.1.3 Transmit Ponction Requiremenis. The MAU shall receive the signals on the DO circuis :
and send them fo the T circuit of the MDI. A positive signal on the A lead relative to the I3 lead of the DO i
civeuit shall result in a positive signal on the TD+ (Transmit Data +) lead of the MDI with respect to the
TD--lead.

At the start of o packet transmission, no more than 2 bits may be received {rom the DO cirenit and not
iransmitied on the TD cirenit. In addition, it is permissible for the first bit sent to coniain phase violations
or invalid amplitude. All subsequent bits of the packet shall be reproduced with the differential voltage
speeified in 14.3.1.2.1 and with no more jitter than is speeified in 14.3.1.2.3. The sccond bit transmitted on
ihe TD eireuit shall be transmitted with the correct timing and signal levels. The steady-state propagation
delay between the DO eircuit input and the TD circuif shall not exceed 2 BT.

For any two packets thal 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 eirenit. TP_IDL is a start of idle, as defined in 14.3.1.2.1, foliowed by a repeating sequence of a
16 ms & 8 ms period of silence (the time where the differential valtage remains at ¢ mV £ 50 mV) and a link
Lest pulse (see 14.2,1.2.1). 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 corvupted, and with no more
delay than is specified for bit loss and steady-state propagation.

14.2.1.2 Receive Function Requirements. The MAU shall receive the signals on the RD vircuit of
the MDI and send them to the DI circuit. A pesitive signal on the R4 (Receive Data +) fead relative to the
RD- lead of the MDI shall resalt in a positive signal on the A lead with respect fo the B lead of the DI
clrcuit.

At the start of a packet reception from the R circuit, no more than 5 hits may be received on the RD cir-
euit and not transmitted onto the DI eircuit. In addition, it is pormissible for the first bit sent on the DI cir-
cuit to contain phase violations or invalid data; however, all suceessive bits of the packet shall be sent with
no more than the amount 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 8.6 ps or tess, the start-up defay of the first packet shall not
oxeced that of the second packet by more than 2 BT,

14.2.1.3 Loopbuck Function Requirements, When the MAU js transmitting on the TD ecirewit and
is not receiving RD_input messages (14.2.2.4) on the RD cireuit, the MAU shall transmit on the DI cireuit
the signals roceived on the DO cireait in order to provide loupback of the transmitted signal. At the start of
packet trangmission on the TD civenit, no more than 5 bits of information may be received from the DO eir
cuit and not transmitted to the DI cirenit. In addition, it is peymissible for the first bit sent on the DI circuit
to contain phase violations or invalid data; however, all successive Bits of the packetl shall meet the jitter
specified in 14.3.1.3.1 (that is, 13.5 ns plus 1.5 ns). The steady-state propagation delay between the DO cir-
cuit and the DI circuit shall not exceed 1 BT

14.2.1.4 Collision Presence Function Reguirements. The MAU shall deteet as a collision the
simultaneons oceurrence ol activity on the DO circuit and the RD civeuit while in the Link Test Pass state,
While a collision is detected, a CS0 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 civeuit no more than 8 BT after the scevrrence of o colligion. The signol shiall be deas-
serted within 9 BT after the DO circuit or the RD circuit changes from active to idle.

When C80 is asserted on the CI civcuit due to a collision, the datn on the RIJ cireuif, shall be sent to the
DI circuit within 8 BT,

When the RD circuit changes from active to idle and data is present an the DO cireuit, the data on the
DO cirenit shall be sent to the DI circuit within 9 BT,

The signal presented on the CI circuit in the absence of collision, 8QE test, or Jabber shall be the IDL
signal,

14.2.1.6 signal_guolity_error Message (BQE) Test Funetion Reguiremenis, The SQRE Test fune-
tion shall be performed by MAUs that are connected fo DTEs and shall not be performed by MAUsz that are
connacted to repeaters. When the SQE test is performed, the MAU shall send C80 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
eiveuit, The value of ‘SQE_test’ shall be 10 BT £ 5 BT and the value of ‘SQE_test_wait’ shall be between
0. ps and 1.6 ps. This funetion should uze as much of the normal collision detection and signaling circuitry
ag possible without introducing extraneous signals on the TD circuit or the DI eircuit.

The C30 zigmal shall not be sent by the SQE Teat function while in any of the Link Test Fail states.

14.2.1.8 Jabber Function Requirements, The MAU shall contain a self-interrupt capability to pre-

vent an illegally long transmission by a DTE from permanently disrapting transmiszion 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 continuously transmit TD_output messages to the T'D circuit. The
value of ‘xmit_max’ shall be between 20 ms and 160 ms, If 5 transmission exceeds this duration, the Jabber
function ghall inhibit the Loopback function and the transmission of TD_output messages by the Transmit
function, and shall send the CS0 signal on the CI circuit. This shall continue uniil output_idle has been
continupusly present on the DO circuit for a time ‘unjab’, The value of unjab’ shall be 0.5 me + 0.25 s,

It is permissible to activate the Jabber function when the TD circuit transmitier is sending T'D_ouiput
messages for longer than ‘xmit_max’.

The MAU shall not activate its Jabber function when the repester’s MAU Jabber Lockup Protection
function operates at its longest permitted time as specified in 9.6.5,

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 circuit for RD_inpus and link
test pulse activity. If neither RD_input nor a link test pulse is received for a time ‘link_loss’, 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 civenit (Fig 14-6). The value of link_loss' shall be between 50 ms and
150 ms, When RD_input or a number Te_max’ of consecutive link test pulses is received on the RD cireuit,
the MAU shall exat the Link Teat Fail state. The value of ‘lc_max’ shall be between 2 and 10 inclusive.

Only link test pulses that oecur within time link_test_mayx’ 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 cecur
within a time link_test_min’ of a previous pulse or packet shall be ignored while in the Link Test Pass
stale. In the Link Test Fail 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 cireuits become idle. The MAU shall not detect a link test pulse as RD_input.
Additionally, a MAU may exit the Link Test Fail Extend state and enter the Link Test Pass state when the
RD circuit becomes idle and the Jabber function has disabled transmission on the TD circuit.

While the MAU ig not in the Link Test Pasa state, the Link Integrity Test function shall disable the bit
transfer of the Transmit, Receive, and Loopback funetions, 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, 2 MAU may optionally
enter the Link Test Fail Reset state.

If a visible indicator is provided on the MAU to indicate the link status, it is recommended that the color
be green and that the indicator be labeled appropriately. It is further recommended that the indicator be on
when the MAU is in the Link Test Pass state and off otherwise.

14.2.2 PMA Interface Messages. The messages between the PLS in the DTE and the PMA. in the MAU
shail 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 communication, These and the messages between the PMAs over the MDI are summarized
helow.

14.2.2.1 PLS to PHMA Messages. The following messages are sent by the PLS in the DTE or repeater
{0 the PMA in the MAU:

Messape Circuid Sien: Vieaning
output Do CD1,CDo Output information
output_idle DO IDL No data to be output

14.2.2.2 PM4 to PLS Messages. The following messaces ave gent by the MATJ {o the PLS in the DTE
or repeater:

Meossage Cirenit Signal Meaning

input DI CDi1,CD0 Input information
input_idle 1) IDL No information to input
ma_avallable CcI IDL MAU is available for output
signal_gquality_error  CI C30 Error detected by MAU

Retiming of CD1 and CDO signals within the MAU is neither prohibited nor required. Congiderable jitter
may be present (see 14,3.1.3.1),

14.2.2.3 PHA to Twisted-Pair Link Segment Meszages

TD _output TD CDL,Cho Output information
TD idle ™h TP_IDL No information to output

The encoding for TP_IDL is defined in 14.2.1.1. The enceding for CDI 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-Pair Link Segment to PMA Messages

Message Cireuit Signal Meaning
RD_input RD CD1,CDo Input information
RD_idle RD TP_IDL, No information to input

The encoding for TP_ID1, 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 spectfications are measured from
the occurrence of messages at the MDI and MAU AUL The following deseribes the point where each mes-
sapge starts:

owdput leading bit cell boundary {BCB) of first valid CD1 er CDQ
output_tdle 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 to start of IDL
signol_gquality_error first transition of valid amplitude

mau_available last positive-going transition prior to start of 1IDL
TD_output leading BCB of first valid CD1 er CIDO

TD _idle last positive-going transition prior to start of TP_IDL
RD_output leading BCB of first valid CII1 or CDO

KD _idle last positive-going transition prior to stavt of T'P_IDL
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14.2.3 MAU State Dlagrams. The slate disgrams of Figs 14-3, 14~4, 14.5, and 14.0 depict the full set of
aflowed MAU state functions relative {o the circuits of the AUT and MDI,

The notation used in the state digprams follows the conventions in 1.2, 1. The variables and timers vsed
in the state diagrams are defined in the following sections,

1:4.2.8.1 Stote Diagram Variables, Variables ave used in the state diagyams to indieate the stotus of
MAU inputs and outputs, to conirol MAU operation, and to pass state information between functions.

In the variable definitions, the name of the variable is followed by a brief description of the variable and
a Hst of values the variable may take, For those variables that are state diagram outputs, one value will be
identified as the default. The variable has the default value when no active state contains a term assigning
a different value.

For 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 ‘init=disable’. The varinble hag the default value ‘enable’ oll
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 inpuet_idle, IDL (default),
DO; MAU sends the signal received on the DO cireuit.
Iphk = disable overrides this and cavses input_idie to Lo sent.
RD; MAU sends the signal received on the RI circuit.
rev = disable overrvides this and eauses inpui_idle to be zent.

1. Controls the signal gent by the MAU on the CI eirenit.
Values: idle; MAU sends mau_gvailable, IDL (default)
SOE; MAU sends signal_quality_error, CS0.

3. Status of the signal received by the MAT on the DO circuit.
Values: idle; MAU is receiving owdpui_idie, 1DL.
active; MAU is receiving owiput, CDO or CD1.

TD. Controls the signal sent by the MAU on the TD areuit.
Values: idle; MAU sends T'D_idle, TP_IDL {default).
D3; MAU sends the signal received on the DO cireuit.
xmit = disable overrides this and causes TD_idle {0 be sent,

RD, Status of the signal received by the MAU on the RD cireuit,
Values: idle; MAU is receiving silence or a link test pulse.
active; MAU is detecting signals which mect the requirements of 14.3.1 3.2,

link_fesi_rewv Status of the link test signal received by the MATU on the RD cireuit.
Values: false; MAU is not detecting a link test pulse.
true; MAU is detecting a linlk test pulse.

linl_count. Count of the nuraber of consecutive Hnlk test pulses received while in the Link IPail state.
Vulues: non-negative integers.

le_max, The number of consecutive link test pulses required before exit from the Link Fuil state.
Values: pesitive integer batween 2 and 10 inclusive.

rev. Controls the path from the RD cireuit Lo the DI cireuit.
Values: enable; receive is enabled (default),
disable; the output to the DI cireuit is input_idle when DI=RD,

ipbk. Controls the path from the DO cirenit to the DI cireuit,
Vahies: enable; loopback is enabled (defanlt).
disable; the output to the DI civenit is input, idle when DI=I}0.

zmit. Controls the path from the DO circuit to the TD cirenit.
Values: enable; transmit is enabled {defzult).
disable; transmit is disabled and the signal sent on the TD circuit is TP, IDL.
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Fig 14-3
MAU Transmit, Receive, Loopback, and Collision Presence Funelions State Diagram
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r PowerOn

OUTPUT IDLE

DO=active

QUTPUT DETECTED

DO=idie

SQE TEST WAIT
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wall_timer]}
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SOQE__test_wait_ timer__dona#

xmit=enable

SQE TEST

e Cl=SQE
{start SOE_test_ Umar]

SQE__tesi_timer__done

Fig 144

gignel_guality_error Message Test Function State Diagram

14.2.3.2 Siate Diangram Timers. All timers operate in the same fashion. A timer is reset and starts
counting upon entering 2 state where ‘start x_timer' is asgerted. Time %’ after the timer has been started,

“%_timer_done’ is asserted and remains
% _timer_ not_done’is asserted.

asserted until the timer is reset. At all other times,

When entering a state where ‘start x_timer’ is asserted, the timer is reset and restarted 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_loss _timer’ and the Tlink_fest_min_timer’ are reset each
time the term ‘RD = active + (link_{est_rev=true « ink_test_min_timer_done) is satisfied.

link_losg timer. Thmer for longest time input activity can be migsing before the MAU determines that &

link fail condition exists (14.2.1.7).
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% umli=disable
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unjab__timer__done

DO=activas
unjab__{imer_ not__done

Fig 14-6
Jabber Function State Diagram

linlk test min timer. Timer for the minimum time between valid link test pulses (14.2.1.7).

tinlk test max timer. Timer for maximum fime input activity can be missing before Link Fail state is

exited (14.2.1.7).

SQE_test_timer Timer for the duration of the CS0 signal used for the SQE Test function (14.2.1,5).

SQK_test wait timer. Timer for the delay from end of packet to the start of the C50 signal used for the
SQE Test function (14.2.1.5).

smit_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 idie to allow transmission

1o be re-enabled (14.2.1.6). -
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Fig 14-6
Link Integrily Test Function Sinte Diagram

14.3 MAT Electrical Specifications. This section defines the electrical characteriztics of the MAU at the
MDI and the AUL 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 ie cireuit PG, Protective Ground of the AUL In implementations

without an AUI, chassis ground is used ag cireuit PG. Ali components in test cirenits shall be £1% unless
otherwise stated.
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14.2.1 MAUwe-MDI Interfuce Chavacteristics
14.3.1.1 Isolation Requirement. The MAU shall provide jsolation beiween the DTE Physical Layey
cireuits ineluding {rame ground and all MDY leads including those not vaed by 10BASE-T. ‘This electricnd
separation shall withstand at least one of the following electrical strength tests,

(1) 1500V rms at 50 Hz to 60 He for 608, applied as speeified in Section 5.3.2 of IEC Publication
950 [8].

(2y 2250 Vdc for G0 5, applied as speeified in Section 5.3.2 of TEC Publiention 950 [8)].

(3} A sequence of ten 2400 V impulses of alternating polarity, applied at intervals of nof less than 1 s.
The shape of the impuises shall be 12750 ps (1.2 ps virtual front time, 50 ps virtual time of half
value), as defined in IEC Publication 60 {11]

There shall be no insulation breakdown, as defined in Section §.3.2 of IEC Publication 850 18], during
the test. The resistance afier the test shall be at least 2 MQ, measured at 500 Vide.

14.53,1.2 Transmitier 8pecificntions, The MAU shall provide the Transmit function specified in
14.2.1.1 in accordance with the electrical specifications of this section.

Where a load is not specified, the transmitter shall meet requirements of this section when connected to
a 100 Q resistive load. The use of 100 Q terminations simplifies the measurement process when using 50
measurement cguipment as 50  fo 100 Q impedance matching transformers are readily available,

Some tests in this section require the use of an equivalent cirenit that models the distortion introduced
iy a simplex link segment. This twisted-pair model shall be constructed according to Fig 14-7 with compo-
nent tolerances as {ollows: Resistors, £1%; capacitors, £5%; inductors, £10%. Component tolerance specifi-
cations shall be met firom 5.0 MHz to 15 MHz. For all measurementis, the TD cireuit shall be connected
through a balun to Section 1 and the signal measured across a load connected to Section 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
ingerted belween the 100 Q resistive load and the TD cirenit,

The insertion loss of the twisted-pair model when measured with a 100 £ souree and 100 £2 load shall be
between 9.70 4B 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 Section 4

226 %

Reslatances are in £}
WOTE: Care must be teken that layout and puarasitics Capucitonees nre in pi
do not exesed B, C, and L foleranca vnkios. Inductances srein uH

Fig 14-7
Twisted-Peair Model
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LOCAL AND BETROPOLITAN AREA HETWORKS:
14.3.1.2.1 Differential Quiput Voltage, Some of the Lext and figures of this section describe the difs
ferential vollage in terms of magnitudes. These requirements apply 1o negative as well as positive pulses,
The peak differential voltage on the TD circuit when terminated with o 100 Q resistive load shall be
between 2.2 V and 2.8 V for all data sequences, When the DO civcuit is driven by an all-ones Manchesier-
encoded signal, any harmonic measured on the TD civenit sholl be at least 27 dB helow the fundamental.

NO'TE: The gpecification on maximum spectral components is not intended to entve complienee with regulations concerning RF
emissions, The implemenior should consider any applicable loral, rational, or internndicnat regulations. Additional fillering of spec-

trat componenta mny therefore be necegsary.

The output signal Vi, is defined at the output of the twisted-pair model as shown in Fig 14-8, The TD
transmitter shall provide equalization such that the output waveform shall fall within the template shown
in Fig 14-9 for all data sequences. Voltage and time coordinates for inflection peints 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 Fig 14-2 apply to an external MATU.) The template 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 recommended 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 £2 and driven by a transmitter
with a Manchester-encoded pseudo-random sequence with a minimum repetition period of 511 bits.

\fmu ‘Balun
+

e - _ ‘
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Do Load V

> D Vodel oz o

Fig 14-8
Differential Guiput Voliage Test
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Fig 14-9
Voltage Template
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Table 14-3

Voltage Template Values for Iig 14-9

Time (ng)
Roeference External MAU Tnternnd MAU Voltaga (V)

A a g 0

B 15 15 1.6
c 15 15 0.4
n 265 25 Q.55
I 32 32 045
F 42 39 0

G 87 57 ~-1.0
H 45 48 o7
f 67 G7 0.6
J 7] i14] 0

K 74 74 -0.55
L T3 73 -0.55
M 58 51 [t

N 85 a5 1.0
o 100 100 .4
P 119 110 0.75
Q m 131 0.15
R 108 i1l 0

8 111 m ~-0.15
T 110 110 ~1.0
u 1060 100 -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 crossing, with negative slope, of the output waveform. When testing an external
MAU the input waveform to the DO circuit of the MAU shall contribute no more than 0.5 ns of jitter.
Adherence to this template does not verify that the requirements of 14.3.1.2.3 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 waveformn conforming to Fig 7-12 is
applied to the DQ cirenit. If the last bit transmitted was a CD1, the last transition will be at the bit cell
center of the CD1. I the last bit transmitted was a CDO, the PLS will generate an additional transition at
the bit cell boundary following the CDO. After the zevo crossing of the last transition, the differential voli-
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 te the TT3 cir-

| cnit 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) pulse, which
falls 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 +50 mV. The template requirements of Fig 14-12 shall be met when
measured across each of the test 1oads 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 14-7 and 14-8.
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Fig 14-10
Transmitier Waveform for Start of TP_IDL,
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Fig 14-11
Stavi-of TP _IDL Test Load

14.3.1.2.2 Transmitter DMiferential Ouipui Impedance. The differential cutputl impedance ag
measured on the TD circuit shall be such that any reflection, due to differential signais incident upon the
TD cireuit from a simpiex 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 frequeney range of 5.0 MHz to 10 MHz, This return loss shail
be maintained at all times when the MAU is powered, including when the TD eirenit iz sending TP_IDL.

14.3.1.2.3 Outpui Timing Jitten The transmitter output jitter is measured at the outputl of the

twisted-pair mode] terminated ih a 100 @ load, as shown in Fig 14-8. The jitter added to the signal on the
DO cireuit as it propagates through the MATI and the twisted-pair model shall be no more than +3.5 ns,
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Pig 14-12
Transmitier Wavelform for Link Test Pulse

Additionally, the MAU shall add no more than £8 ns of jitter to the sipmal received on the DO ecircuit when
the TD circuit is divectly driving a 100 £ resistive load.

14.3.1.2.4 Transmitter Impedance Balance, The common-mode to differentisl-mode impedance
balance of the TD circuit shall exceed 29 — 17 logy4710) dB (where { is the frequency in MEz) over the fre-
quency range 1.0 Mz to 20 MHz, Thiz balance is defined as 20 Jog (18, /By;p), where B, 18 an externally
applied sine wave voliage as shown in Fig 14-13.

MOTE: The balanee of the teat equipment (such as the matchiog of the 147 0 resistors) mast exceed that regaived of the brammnitter.,

14.5.1.2,56 Common-Mode Output Voltage, The magnitude of the total common-moede output volt-
age of the transmitter, B, measured as shown in Pig 14-14, shall be jess than 50 mV peak.

NOTE: This specification is not intended to ensure compliance with regulations eoncerning RF emissivng, The implementor should
consider any applieable loeal, national, or internationa) regulations, Driving vashielded (wisted pairs with high-frequency, commen-
made vollages may resull in interference to otler equipment.

14.3.1.2.6 Dransmitier Common-Mode Rejection. The application of B, as shown in Mg 14-13,
shall not change the differential voltage at the TD civeuit, Ky 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,

14.3.1.2.7 Transmitier Faull Tolerance. Transmitters, when either idle or non-idle, shall with-
stand without damage the application of short cirenits across the TD cireuit for an indefinite period of time
and shall resume normal operation after such faulis are removed. The magnitude of the current 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 1000V common-mode
impulse applied at I, of either polarity {as indicated in IMig 14-15). The shape of the impulse shall be 0.8/
30 ps (300 ns virtual front time, 50 ps virtual time of hall value), as defined in [EC Publication 50 {11},

cm

Wig 14-18
Transmitier Impedance Balance and Common-Mede Rejection Test Cireuit

o= 47.5 1)

§ 475 N

§ 4831 | Eom
PG f P O

_ Fig 14-14
Common-Mode Quipui Voltnge Test Circuit
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Fig 14-15
FTransmitter Fault Tolerance Test Cirenit

14.2.1.3 Receiver Specifications. The MAU shall provide the Receive function specified in 14.2.1.2
in accordance with the electrical specifications of this section,

14.2.1.8.1 Receiver Differential Input Signals. Differential signals received on the RD cireuit
that are within the envelope of Fig 14-16 and 14-17, and have a maximum zero crossing jitter up to
4+13.5 ns from the ideal shall be sent to the DI circuit. The 13.5 ns includes jitter caused by an enceder, AUI
cable and transmitting MAU, the twisted pair, and noise. Additionally, the MAU receiver shall add no more
than £1.5 ns jitter to the receive signal before sending the signal to the DI circuit.

14.3.1.8.2 Receiver Differential Moise Imaraunity. The receiver, when presented with Manches-
ter-encoded data meeling the requirements of 14.3.1.3.1, shall send this data to the DI chreuit with a bit
lozs 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 reject as RD_input the following signals:

(1) Al signals that when measured at the output of the following filier would produce a peak magni-
tude less than 300 mV. The filter is a 3-pole low-pass Butterworth 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 {requency is between 2 MHz and 15 MHz. For a period of 4 BT
hefore and after this single eycle, the signal shall be less than 300 mV when measured through the
filter specified in (1) above,

14.8.1.3.8 Idle Input Behavior. The idle condition shall be detected within 2.3 BT of the last Jow-
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-lransition, even in the pres-
ence of gignal droop, overshoot, ringing, slow voltage decay, or a combination thereof due to capacitive and
inductive effects in the transmiiter, link segment, and receiver.
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Fig 14-16
Heceive Differentizl Input Voltzge—Marrow Pulse
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Fig 14-17
Receiver Differeniial Inpot Voltage—Wide Pulse

14.8.1.3.4 Reeceiver Differential Inpui Impedance, The differentinl input impedance shall he
such that any reflection, due to differential signals incident vpen the RD cireuil 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 to 10 MHz. The return loss shill be maintained when the MAU is powered.

14.8.1.3.5 Common-Mode Rejection, Receivers shall assume the proper state on DI for any differ-
ential input signal I, that results in a signal By;r that meets 14.3.1.3.1 even in the presenze of common-
mode voltages &, (applied as shown in Tig 14-18), I8, shall be 2 25 V peak-to-peak sguare wave, 500 kHz
or lower in frequency, with edges no slower than 4 ns (20%-80%). Additionally, Bem shall contribute no
more than 2.5 ns of edge jitter to the signal transmitted on the DI circuit. The combination of the receiver
Hniing jitter of 14.3.1.3.1 and the common-mode induced jitter are such that the MAU shall add no 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-MMode Impulse Teat Circuit

14.3.1.8.6 Heceiver Fault Tolerance. The receiver shall tolerate the application of short circuits
between the leads of the RD cireunit for an indefinite period of time without damage and shall resume nor-
mal operation afier such faults are removed, Receivers shall withstand witheut damage a 1000 V common-
mode impulse of either polarity (Eiy,puiee 28 indicated in Fig 14-19). The shape of the impulse shall be 0.3/
50 pus {300 ns virtual front time, 50 s virtual time of half value), as defined in IEC Publication 60 [11]. :

14.3.2 MAU-t0-AUT Bpecificaiion. When a MAU contains a physical AUT connector, the following spee-
ifications shall be met.

14.3.2.1 MAU-AUYI Elecirieal Characterisiics, 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 Idle state, shall reject an inpui waveform of less
than 3160 mV difierential.

14.3.2,2 MALLAUIL Mechanical Connection. The MAU shall be provided with a 15-pin male connec-
tor ag specified in 7.6,

14.3.2.3 Power Consumption, Following PowerOn, the surge eurrent drawn by the MAU shall be

such that I, » T, is less than or equal io 2 x 1073 ampere-seconds, where I, is the peak surge current and
T\ is the time during which the current exceeds the larger of 0.5 A or 0.5 % L,. After the 100 ms following
PowerOn, the current drawn by the MAU shall not exceed 0.5 A when powered by the AUT

The MAU shall be capable of operating from all possible voltage sources, including those current limited
to 0.5 A, as supplied by the DT or repeater through the resistance of all permissible AUI eables,

The MAU shall not introduce extraneous signals on the TD, CI, or DI circuits during normal power-up
and power-down,

14.4 Cheracteristics of the Simplex Link Sepment. Except where otherwise siated, the simplex link
segment shall be tested with source and load impedances of 130 Q.

14.4.1 Overview. The medium for 10BASE-T is twisted-poir 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-ta-end path including different types of wiring, cable connectors,
and cross connects must be considered. Typically, a DTE connects to a wall outlet 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 (1591} [A19] provides specifications for media and installution proctices suitable for use with this standard.

14.4.2 Transmission Parametere, Bach simplex link segment shall have the following characteristics.
All eharacleristics specified apply to the total simplex link segment unless otherwise noted, Theze charac-
teristics are generally met by 100 m of unshielded {wisted-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 11.6 dB at
all frequencies 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 exhibits an attenuation of 8 dB to 10 dB/160 m at 20 *C, The loss of
PVC-insulated enble exhibits significant temperalure dependence, At temmperatures greater than 40 °C, it may ba necegsary te uie a
less temperature-dependent enble, such a5 most plenum-rated cablea,

14.4.2.2 Differential Characteristic Impedance. The magnitude of the differential characteristic
impedance of a 3 m length of twisted pair used in a simplex link 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
inereasing frequency, the above requirement is generally implied by the condition that the magnitude of
the characteristic impedance over the frequency band 1 MHz to 16 MHz is 100 Q2 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 befween 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 CDO0 signals received on the RD circuit. No more than 5.0 ns of jitter shall
be introduced te a test signal by & simplex link segment. The test signal shall have a peak amplitude of
3.0V and 10% to 90% rise and fall times of 12 ns. The content of the test signal shall be a Manchester-
encoded pzeudo-random sequence with a minimum repetition period of 511 bits.

NOTE: Branches off a twisted pair (oﬁe;z referred to ns “bridged taps” or “stubs™) will generally cange excessive jitter and go should be
avoided. .
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14.4.2.4 Delay. The maximum propagation delay of twisted pair shall be 5.7 nefm (minimum veloeity
of 0.585 % o). The maximuin propagation delay of a link segment shall not exceed 1000 ns.

14.4.3 Coupiing Parameters. To avoid excessive coupling of signals between twisted pabrs of a twisted-
pair cable, the crosstalk must be limited. Crosstalk logs is specified for the twisted pairs in a twisted-pair
cable or twisted-pair cable binder group that are used as 10BASE-T twisted-pair links. Crosstalk loss is
specified with the far ends of both the disturbed and the disturbing pairs and the near end of the disturbed
pair terminated in 100 £. Drivers of disturbing pairs shall have a source impedance of 100 Q.

14.4.3.1 Differential Near-End Crosstall (MEXT) Loss. The NEXT loss between any two fwisted
pairs of a twisted-pair cable is dependent upon the geometry of the twisted-pair cable. Since the proximity
of any two twisted pairs is influenced by the size of the twistod-pair cable, the NEXT loss is affected by
twisted-pair cable size.

14.4.3.1.1 Twenty-Five-Pair Cable and Twenty-Five-Pair Binder Groups. The NEAT loss
hetween any two twisted pairs in a twenty-five-pair twisted-pair cable or binder group used for 10BASE-T
applications shall be at least 30 — 15 logp(f/10) dB (where T is the frequency in MHz) over the {reguency
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 LOBASE-T applications shall be al least 26 ~ 15 lagy o710} dB (wheve {'is the frequency
in MHz) aver the frequency range 5.0 MFs and 10 Mz,

14.4.8.1.3 Other Cables, The NEXT loss requirement for all other twisted-pair cables shall be the
multiple-disturber NIEXT less 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 containg twisted pairs from multiple 10BASE-T twisted-pair link segments, the multi-
ple-disturber erosstalk 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-
hution of MDNEXT is obtained at each {requency of interest. The one percentile of this cumulative distri-
bution shall be at least 23 — 15 log1(/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 logg{/10} (where f is the frequency in MHz) at 5.0 MHz,
7.5 MHz, and 10 MHz. Refer to 12.7.3.2 and Appendix A3 for a tutoerial 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 noise environment consists generally of two primary contributors: erosstalk from other
10BASE-T cireuits; 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 ghall be less
than or equal to 0.2/s as measured at the output of the following specified filter. Tollowing the start of any
particular impulse that is counted, any additional impulse shall Ie ignored 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 cutoff at 15 MHz (refer to A4.2),

NOTE: Typicslly, the impulse noise oceurrence rale changes inversely by one decade for vach 5 4B to §dB change in the threshold
voltage. IT a couni rate of N countafs js measured on o specific twisted poir und flter at the specified vallage threshold, the media
noise margin is approximately 7 loge(0.2N) dB. Impulse noise may be a burst phenomenon and should be mensured aver an
extended peried of time.

14.4.4.2 Crosstalk Woise. The level of crosstalk noise on a simplex link segment depends on the level
of the disturbing signal(s) and the crosstalk loss befween the pair(s) carrying the signal(s) and the dis-
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turbed pair, With the maximum transmit level (14.3.1.2), the sinusoidal crosstalk loss {14.4.3.2), and mui-
iiple, random Manchester-encoded disturbers, the peak selfcrosstalk noise levels as measured at the
ouiput of the following specified filter shall be less than or egual o 264 mV. The fAller is a 3-pole Buttor-
worth low-pags with a 3 dB cutoff ot 15 MHz (vefer {0 A4.2).

14.5 MY Bpeecification. This section defines the MDI for the twisted-pair link segment. The link topology
requires a crossover function between PMAs. Implementation and Jocation of this crossover is also defineg
in this section,

14.5.1 MDE Connectors. Bight-pin connectors meeting the requirements of Section 8 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 follewing table shows the assignment of signals Lo

connector contacts.

GONTACT MDI SIGNAL

T+

TD-

RD+

Not used by 10BASE.T
Not used by 10BASE-T
RD-

Not used by 10BASE.T
Not used by 10BASE-T

——

!2345575

O ~1 0 47 @ 2 B

— 17

Fig 14.20
MAYU MDI Connect

. Fig 14-21
Twisted-Pair Link Segmeni Connector
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14.5.2 Crossover Function, A crossover funciion 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 funclicns may be implemiented internally to 5 MAU or elsewhare in the
twisted-pair link. For MAUsg that de not implement the crossever funetion, the sipnal names of 14.5.1 rofer
to their own internal circuits, For MAUs that do implement the erossover function, the signal names refer
to the remote MAU of the twisted-pair Jink, Additionally, the MDI conneetor for a MAU that implements
the crossover function shall be marked with the praphical symhbol *¥”. Internal and exlornal erossover
functions are shown in Pig 14-22,

1 1 -
—mz 2—-*-“2@
Th- — TD-
RO+ — RAD+ 4
; e
RD= S & 2 o
AU J MAU

(n) External Crossover Fanclion

MO MBI-X
T4 e TR
TD-  ————— D~ 2

=1 I E AP  { § £ S

e

(b)Y MAUL.Embedded Crossover Funetion

Fig 14.22
Crogsover Function

When a twisted-pair link connects a DTI {o a repeater, it is recoramended that the crossover be imple-
mented in the MAU lecal to the repeater. If both MAUs of a twisted-pair lnk contain internal erossover
functions, an additional external 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 further recom-
mended in networks in which the fopology identifies either a central backbone segment or a contral hub
that the MAU furthest from the eentral element be assigned the external crossover to maintain
consistency, '
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Implicit implementation of the crogsaver function within a twisted-pair cable, or ot a wiring panel, while
not expressly forbidden, is beyvond the scope of this standard.

14.8 Bystem CCousiderations. The repeater unit specified in Section 8 forms the central unit for intercon-
necting L0BASE-T twisted-pair links in networks of more than two nodes. It also provides the means for
connecting 10BASE-T twisted-paiv links to other 10 Mb/s baseband segments. The preper operation of a
CSMA/CD network requires netwark size to be limited to control round-trip propagation delay to meet the
requirements of 4.2,3.2.3 and 4.4.2.1, and the number of repeaters between any two 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 BEuvironmental Specifications

14.7.1 General Safety. All equipment meeting this standard shall conform to one of the following 1EC
Publications: 380 [5], 435 [6], or 950 [8].

ROTE: For ISOAEC BB02-3 ; 1993, conformance shall ke Lo IEC 850 (8},

14.7.2 Network Safety. This section sots forth a number of recommendations and guidelines ralated to
safety concerng; 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 described in this section are subject to at least four direct clectrical 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 Instailaiion. Sound installation practice, as defined by applicable local codes and regulations,
shall be followed in every instance in which such practice is applicable.

14.7.2.2 Grounding. Any safety grounding path for the MAU shall be pravided through the circuit PG
of the AUI connection.

WARNING: It is assumed that the equipment to which the MAL is attached is properly earthed, and not
teft floating nor serviced by a “doubly insulated ac power distribution system.” The use of floating or insn-
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 conduetors or ground.

14.7.2.4 Telephony Voltages. The nse of building wiring brings with it the possibility of wiring errors
that may connect telephony voltages to 10BASE-T equipmnent. Other than voice sipnals (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 O
source impedance. .
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Ringing voltage is a composite signal consisting of an ac component and a de component. The ac cormpo-
nent is up fo 175 V peak at 20 Hz to 60 Hz with a 100 2 source resistance. The de component is 86 Ve
with a 300 & to 600 § source resistance. Larvge reactive transients can occur at the start and cad of pach
ring interval.

Although 10BASE.T equipment is not required to survive siwch wiring hazards withou! damage, applica-
tion of any of the above voltages shall not result in any safety hazard.

NOTIE: Wiring crrors may impoese telephony voltapes differentially across I0BASE-T transmitters ar receivers, Becavse the termina-
tion resistance likely to be presont acrose # receiver's inpul is of substantially fower impedance than an off-heole telephone instru-
ment, receivers will generally appear to the telephone system as offhook telephones, Therefore, full-ring volinges will be applied for
only short periods, Transmitters that are coupled using transformers will similarly appear Jike off-hook felephenes (though perhaps a
Bt mere slowly) due to the low resislance of the fransforiner coil.

14.7.3 Environmendi

14.7.3.1 Electromagnetic Emission. The twisted-pair link shall comply with applicable local and
national cedes for the lHimitation of eleclremagnelic interference.

14.7.3.2 Terapereture 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 assoclated 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.

T

ST

14.8 MAU Lebeling. It is recommended that each MAU (and supporting decumentation) be labeled in a
manner visible to the user with at least these parameters:

£

R

{1} Data rate capability in Mh/s,
(2) Power level in terms of maxinum 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 a summary; for complete descriptions of the timing reguirements, refer to the referenced
sections.

271

CISCO 1022
Cisco v. ChriMar




[SOMEC 8802-3 : 1993
ANSVIEEE Std £802.3, 1983 Editivn LOCAL AND METROVOLITAN AREA RETWORKS:

Table 14-2
Maoxiooum Timing Parameters

Seart-up Delay’

Steady-
, Tnvatid State Specified
Symbol Funetion Bit Lossf Bitg' Propagetion  Maximum  Variabikity? 7Y
ita L) in
Delay
M1 RD_input to inpud on 5.0 1.0 2.0 8.0 2.0 14.2.1.2
DI
M2 erefput on DO to 2,0 10 20 5,0 2.0 14.9.1.1
TD _output
M3 RD _input * cutput 1o — — o 9.0 o 14.2.1.4
signal_quality_ error
M4 RD_idla + output_idle — — — 2.0 — 14.2.1.4
(end of collision)
ta maw_available
Mi RI input * gutput to - — — 8.0 — 14.2.1.4
inpui on DI {rem circuit
MG RD _idle ¥ output to R —r — 9.0 — 14.2.1.4
inpat on DI from cirenit
DO
M7 auedpat, fdle on DO tp — —— e Gexneld — 14.2,1.5
signal_guality_crror
N8 stgnal_quality_error — e e faxalh o 14.2.1.6
duration for SQE test
MO ouwtput on DO to input 5.0 1.0 1.0 7.0 — 14.2,1.3
on DI
T1 twisted-pair 0 0 10.00 10.60 — 144,24
propagstion
Al AUI cable propagation 1] 0 2.57 2.57 e 1.4.3.7
(50 m)
TAIL Time in BT,
*For an explanation of the meaning of variabiiity, see 14.2.11 and 14.2.12.
272
CISCO 1022

Cisco v. ChriMar




SRIASC I ISOMIEG 8500.% - ien
CRMAICE ARSLALEL Sl 802,53, 1003 ;gi;,;if;

Annex
Additional Reference Material

{I'his Annex is not & part of this International Standard hut is o part of ANSVIBER St 82,3, 1963,

[A T ANSI/ITIA 364A-1987, Standard Test, Procedures for Low-Frequencey {(Below 3 MHz) Bleclrical Connee-
tor Test Procedure.t?

[A%] ANSVIRER Std 770X3.97-1983, IERE Standard Pascal Computer Programming Language.!®
iAS) Material from this reference is now incorporated info the base standard.
[A4] Material from Lhis reference is now incorporated into the base standard,

[A5] ANSUNFPA 70-1987, National Blectrical Code.!®

[AG] ANSI/UL 94-1985, Tests for Flammability of Plastic Materials for Parts in Devices and Appliances. 17

[A7] ANSI/UL 114-1982, Safety Standard for Office Appliances and Business Equipment.
[A8] ANSI/UL 478-1979, Safety Standard for Blectronic Data-Processing Units and Systems.
(A9} ECMA-D7 (1985), Local Area Networks Safety Requirementg. '#

[A10] BIA CB8-1981, Components Bulletin (Cat 4) List of Approved Agencies, US and Other Countries,
Impacting Electronic Components and Eqeipment.

[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 Fivst Report and Order, April 1980.1°

[A12] MIL-C-17I7-1983, General Specification for Cables, Radia Frequency, Plexible and Semirigid.®?

1A13] MIL-C-2430813-1983, General Specifieations for Connector, Electric, Rectangular, Minjature Polar-
ized Shell, Rack and Pancl.

jA14) UL Subject No 768: UL VW-1, Description of Appliance Wiring Material *!
[A15] AMP, Inc., Departmental Publication 5525, Design Guide to Coaxial Taps. Harvisburg, PA 17105,
[A16] AMP, Inc., Instruction Sheet 6814, Active Tap Installation. Harrishurg, PA 17105,

1 a4) ANSI publications are available frem the Sales Department, American Meational Standards Inslitute, 11 West 4204 Street,
New Yorl, NY 10036, USA; B1A publications are avaitable from the Standards Sales Dapariment, Eleetronic Industries Association,
100} Eye Street, NW, Washinglon, DG 20006, USA.

5 JEER publications are available from the Service Center, Institute of Efeetrient and Electronics Enginvers, 445 Hoes Lane, PO
Box 1331, Piseatawoy, NJ 0B865-1331, UBA.

16 NFPA publications are available from Publications Sales, Natienal Fire Pratection Assaciation, Balterymarch Pazl, Quiney, MA
B2260.9101, USA.

7 UL publications are available from Publications Sales, Underwriters Laboratories, Inc., 333 Pingston Rd., Northbreek, 1L 60020,
UsA.

¥ ECMA publications are pvailable from Buropean Computer Manufacturers Assopiation, 114 Rue do Rhaone, 1204 Geneva, Swit-
zerland,

B 200 publications are available from the Federal Conpnunications Commission, Washington, DU 20402, [I8A.

22 341L publications are available from US Navy Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, PA 18320, USA,
2 Informution on this subject is available from Underweiters Laboratories, Ine,, 1285 Walt Whitman Rond, Melville, NY 11747,
USA. :
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[A17] Brinch Hansen, P. The Architecture of Concurrent Programs. Englewood Cliffs, NJ: Prentice Hall
1977.

3

iA18] Hammond, J.L., Brown, J.E, and Liu, $.8. Development of a Transmission Error Model and Brioy
Control Model, Technieal Report RADC-TR-75-138. Rome: Air Development Center (1975).

IAT9] BIASTIA BGS (1991), Commercial Building Wiring Standard.
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Appendines

These Appendixes ave oot & part of this International Standard or of ANSIIELRR Std §02.3, 1993 Fdition.)

Appendix A
System Guidelines

Al Baseband System Guidelines and Concepts

ALY Qvernll System Objectives. The CSMA/CD Access Method, supported by baseband technology,
depends on a variety of analog system components at and below the physical level of the OSI Reference
Model, These components provide basic interconnection facilities for the CSMA/CD aceess mechanism
ilself and are defined throughoul 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 clements: the coaxial
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, Thoere are at least
three critical paramelers of interest: bits lost in the (ransmission system, signal delays, and phase jitter. It
is important that these be apportioned properly among the affected sysiem elements,

The successful intereonnection 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 slements. 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 configuration (for example, four repeater unils, 2.5 kin trunk
eoaxial eable medium).

A1.2 Analeg System Components and Parameter Values, The values piven in the following table arve
in terms of bits and are stated as maximum values except for values given within ranges.

s

The initial mnemonic under each component entry refers to the system component as idenlified in Fig

Al. System parameters are stated in terns of the intralayer or interlayer messages sent within a station. g@
Specific delays are called out as = delay. \%I
The repeater concepts described throughout this section are considered Lo be an accepiable set of spocifi- :
cations {or a multirepeatered system. It is noted that the exact parametrie values specified for the repeater :
environment are subjact to minor refineiment,
Siart Laist in to Start
Component and Parameter Up Last Out Up
Ticlay Delay Loss
MEDIUM
Frunk Conxiat Cable
C1 Prapagation Ry 21.65 0.0
POINT TO POINT LENK
Pl Propagation 4.0 25,61 0.0
AT
Al Prepagation 0.0 2457 0.0
MEDIUM ACCISS UNIT
M1 DATA IN ASSERT — INPUT 6.0 08 5.0
M2 OUTPUT - DATA QUT ASSERT 3.0 0.8 2.0
M3 DATA IN COLLISION — BQRE ASSERT 17.0 — -
M4 COLLISION DEASSERT - SQE DEASSERT a0.0 — —
M5 OUTPUT JDLE -» SQE ASSERT 5 ax 16 — —
M6 SQE TEST ASSERT - SQF DEASSERT Beweih — -
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Start JustInfo Siart
Component and Parameloy Up Last Out Up
Delay Delay Loss
DTE
31 INTFUT - INPUT URIT 18.0 — 180
e QUTPUT URNIT — OUTPUT . 2.0 —
D3 [NFUT - CARRIER 8TATUS = CARRIER ON 10 _— e
4 INPUT IDLE — CARRIER STATUS = QFF 20<x<6.0 -~ —
Db BQE ASSERT -y CARRIER STATUS = ON a0 . —
N6 SQE DEASSERT - CARRIER STATUS = OFF 3.0 <2< 8.0 — —
D7 SQE ASSERT — SIGNAL STATUS = ERROR 30 - —
|8} SQE DEASSERT ~ SIGNAL STATUS = NO BRROR 30<xs6.0 — —
ng CARRIER STATUS = OFF - QUTPUT UNI'? 95 < w< 100 e —
DI INPUT — OUTPUT 80 — —
D11 SIGNAL STATUS = ERROR ~» JANM OUTPUT 16.6 — —
D12 JAM CUPPPUT DURATION 23920 ;. -
REPEATER UMNIT 23 2 wa
R1 INPUT 1,2 - QUTPUT 2,1 75 - .
R2 INPUT IDLE 1,2 - QUTPUT IDLE 2,1 - 12.5 —
R3 INPUT 1,3 - CARRIER STATUS = ON 3.0 — —
R4 SQLE - SOURCED OUuTPUT 6.5 o —
RS JAM QUTPUT - QUTPUT IDLE =060} — —

Figure Al indicates the maximal system configuration and ideniifies the various system
parameters considered critical in determining analog system performance,

compaonent

GTE &

g
Z
oy

AN AL AR
3r—

[‘“}ﬂ [ OIC0A
Y o e o

i
AL 12 .
e e T r.;} i
aul oot v b to |
M ' i i : !
Ve | O P : gt f
DTE 1] 'nu ! . ¢ !

A 1PAA

REPEATER  REPEATER  REPEATER  REPEATER
SET SET SET SET
i 2 3 4
Fig A1

Maximal System Configuration Bit Budget Apportionmmenis

A1.8 Minimum Frame Lenglh Determination, The following table indicates the system elements that
make up the minimum frame length calculation based on the worst-cuse numbers as outlined in the bit
budget of A1.2. The compilation in the following table is based on the following scenario:

(1)
(2}
(3)

DTE I transmits to an adjacent DTE 2 on coaxial segment 1.

DTE 3 transmission collides with DTE 1 transmission,

DTLE 3 is assumed to be the worst-case distance from DTE 1 and its transmission just misses defer-
ring to the DTE 1 message.

The collision fragment travels back down the network to inform DTE 1 that a collision has occurred
on its message.

(4)

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 from D'TE 1 shall be short enough such that DTE 2 can throw out the message on
the basis of being too shart,
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Cempanent and Funetian Direetion i.}b]c Deday futul
futry - Pelay
TR 1 STARTS TO PUT QUT FIRST 81T (Lt}
DTE 1 WD 1 3.0 5.0
AULME FWD Al 2.5 5.87
MAUL FWD A2 3.0 Ha
coaxlt WD ] 21,468 30.2
REPEATER SET'1
MAU 1A WD all 4.0 36.2
AUIR1A WD Al 257 388
REP 1 WD 11 T8 46,3
AUIRIB WD Al 2.67 488
MAD 1B WD pi2 3.0 51.9
REPEATER SET TOTAL 2164
IRL T, FWD 5] 35,064 715
REPEATER SET 2 FWD 216 99.3
COAN 2 WD 1 21.65 120.8
REPEATER SET 3 WD 21.06 1424
{RL2 W1 153 Y564 168.1
REPEATER SET 4 FWi 216 1807
C0AX 3 FWi C1 21.65 2514
MAU3 W M1 6.1} 2174
AULS FWD Al 2.57 214.9
DTE 3 PUTS OUT A BIT REV mao 5.0 2974
Al 3 REV Al 257 +30.5
MAU 3 REV M2 3.0 33,5
COAX S REV Ci 21 6 55,1
REPEATER SET 4
MAU 4B REY M3 17.0 272.1
AUT 4B REV Al 257 2147
REP 4 REV 4 [135) 281.2
Al 4A REV Al 2.57 28313
MAU 4A REV M2 3.0 286.5
REPEATER SET TOTAL 31.64
IRL 2 REV P1 95,64 312.4
REPEATER SET 2 REV 21.64 344.1
COAX 2 REV C1 21.85 365.7
REPEATER 2 RILV 921.64 3674
IRL 1 HEY P 25,64 428.0
REPEATER SET 1 REV 41.64 A54.6
COAX 1 REV C1 21.65 476.3
MAU L REV M3 17.0 403.3
AUT M1 REV Al o 57 495.9
DTEE REV D7 3.0 495.8

The above table provides the scenario that enables DTE 1 {o determine a collision is taking place. DTE 1
shall transmit for at least 499 bit fimes, To determine how much longer DTE 2 will continue {o receive bits,
assume that DTE 1 is the last transmitier to provide bits to the DTE 2 MAU. DTE 2 then sees the
following:

\ T . T Table R ‘Fotal
{lsmponent andd Funclion Direction Entry Delny Delay
s 1 FWH D11 16.0 3149
DTE 1 "W D2 32.0 547.9
AU M1 WD Al 257 §49.4
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It Repeater Set 1 is the last system component to provide bits to DTE 2, then DTE 2 will see the

follawing:

. ; . . Tahte . Trtui
Component and Funetion Diroetien Fntry elay Dislay
HEPEATER BRT 1 (1st JAM BFD) 4654.6

REP1 HEV RS 96.0 850.6
GOAX 1 REV 21 21.85 572.3

The Repeater Set is the last transmitter to provide a bit to DTE 2. The DTE 2 MAU starts seeing bits at

time 8.6, which means that DTE 2 sees 863.7 bits (572.5 - 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 becouse they are not
counted in minimum frame length.

The minimumn frame length determination from the above scenario is then 564.7 — 69.0 = 494.7 bils, The
10 Mbfs system value for minimum frame length has been set at 512 bits,

Al4 System dJitter Budgets. The typical jitter budget expected for the baseband system is apportioned

in the following manner:

Envoder

AU Cable
MAU Transmit
Trunk Coax
MAU Recpive
AUI Cable
SNR on COAX
SNR on AUL
SNR on AUI

.5 ns
1.0 ns (transmit end)
2.0 ns
7.0 ns
-1.0 ns (with compensiution)
1.0 ng (roceive end}
5.0 ns {SNR = 5:1)
0.5 ng (SNR = 5:1, tranamit end}
0.5 ns {8NR = 1 receive end)

18,5 ns

The 18 ns jitter budget leaves adequate design margin for implementation-dependent considerations,

£1.4.1 Nominal Jitter Values, The jitter budpet values given above are not expected o accommodate
all step changes in phase jitter due to system parameler variations within one or a few bit times,

41.4.2 Decoder Evaluation. The phase decoder in the PLS sublayer should correctly decode o
Manchester-encoded signal whose 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 distinct 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-caze jilter conditions, The data output
from the deeoder 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 slew. Note that the actual transmission
system is not expected to permit sudden drastic changes in the steady-stoie edge deviation during the
reception of any given frame. The above evaluation process is not intended to guarantee proper decoder
perfermance under all operating conditions,
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Fig A2
Typical Signal Waveforms :

__j 5 [ 136 ns WLELM WORST CASE
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Fig A3
Worst-Case Signnl Waveform Vaviations
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AZ, System Pavameters and Budgets for IBASES

A2 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 seme of the delays specified in 12.9,
The breakdowns shown for the parameters are illustrative only; implementors are free to make other allo-

cations of delay within a device so long as the specifientions of 12.9 are nol violated,

Component Delay (BT

DTE Initial Transmit Delay (see 12.9.2) 3

DTE Deference Delay {see 12,9.2) 21
unsquelch 3
Carrier detect 5
MAQC detects carrier and defers 10
I¥PE [nitial Transmit Delay 3

DTE Collision Shutdown Delay (zee 12.9,2) i3
detect CP and report SIGNAL,_ERROR 10
detect SIGNAL_ERROR and start jamming 16
jamSize 32

Medium Transit Delay (see 12,2.3) 4

Special Link Transit Delay (see 12.9.4) 5

Fub Startup Delay (see 12.9.5) 12
unsquelch 4
hall filt FIFQ 6
analogue of DTE Initial Transmit Delay 3

ITuly ldle 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 Stretch/Shrink (sce 12.9.5) 3
({preamble + <sfd> + maxframeSize) - 0,01% - 2)

Hub Callision Detect Delay (see 12.9.5} 21
unsaquelch 3
detect collision 6
Hub Transit Delay g
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
Pirst CVL or CVH may be preceded by CDOs and CD1s 3
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Conponent Delay (BT
T1ub Colliston Shutdewn Delay (downward) {sec 1:2.9.5) g

(spine az Hub Transit Dielay)

Tiub Collision Shuidown Delay (upward) (see 12.9.5) 5
deteet foss of carrvier 20
clear FIFO, if necessary 2
anajogue of TR Initial Transmil Delay 3

A28 Minfmum Frame Length Determinaticn. The minimum frame lengih for 1BASES is delermined
using the values specilied in 4.4.2.2 and 12.9, applied to the following {worst) vase:

DTE 1, conneeted to Fub 1 at a network extremily, {ransmifs a message upward toward Hub 8.

(2} ‘There is & specfal link in the path between ub 1 and Hub 5,

3y DTE 2, ulso connected to ub 1, transinis, just missing deferring to the downward gignal from DTE
1 ihat was wrapped arnund at Huh 5.

(4) DTE 3, also connected to Hub 1, receives the fransmission from DTE 1.

{5} Iinb 1 generates CP, which travels up and then back down the netwerk Lo inform DTE 1 and TR 2
that o collision has ovearred on thelr messagoes,

16) DTE L and DTE 2 continue to tranzmit until they have veceived CD, reacted to il, and completed
their jams.

1) ITE 3 continues to recceive anitil the end of CPR.

Mhe minimum frame length must allow both of the following conditions to be met:

(1) DTR s still sending when GP is received and recognined,
{23 DTE 4 can discard the message fragment it recetves because it is Loo short.

DRI — DTE2
DTE Initial Transmit Delay 3 3
8« Medium Transit Delay 32 45
2+ Special Link Transit Delay 30 65
189 - Hub Stariup Delay {20 185
PTE Deference Delay 21 208
e 2 - HuB 1 CF
Medium Transit Delay 4 210
Hub Collision Detect Delay 21, 231
HURB 1 CP - 1IUB 5 CP
3 - Mediom Pransit Delay 12 243
Special Link Transit Delay 15 358
4 - mnax{Hub Starfup Delay,
Hub Active Collision Startup Delay,
Ttub idle Collizion Startup Delay) 48 306
HUB 5 CP — DTE 1 receives CP
5 - Hub Active Collision Startup Delay GO 366
4 « Medium Transit Delay 16 384
Special Link Transit Delay 15 397
DTE 1 receives CP —» DTE 1 stops transmitlting
58 455

DTE Collision Shutdown Delay
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COMPUTATION OF MINIMUM FRAME SIZR ~Gd 391 =
original preamble + <sfd> data bitg
transmitted
5 - (Hab Collisgion Shutdown Delay
{upward)
~Hub Transit Delay) 80 471
5+ (Hub Collision Shutdown Delay
(dewnward)
-Hub Transit Delay) 0 471
Tiny fraction of IHub Delay 0 471 =
StretelvShrink data bils received

The minimum frame length must exceed both the maximum number of bits sent hefore recognizing CP
{391 - jamsize = 359} and the maximum collision fragment size (471), as computed above. The 1IBASES sys-
tem value for minimum frame length has been set at 512 bits, which exceeds both of these values with a
margin for error.

AR.3 Jitter 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 fo allocate jitter to the indiented components that
contribute to the fotal jitter on each link:

Cowmponent: Jittor
Transmitter skew +10ns
Cable intersymbol interference 9
Cable reflections 8
Reflections 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 £2 impedance mismatch anywhere along
a cable segment, The receiver-mismatch allowance i3 derived from the reflection attenuaiion 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 by the Manchester decoder in a receiver is veserved to
allow for distortion of the signal due to noise, receiver threshold offset, receiver skew, and receiver sam-
pling timing error.

A simple clocked receiver/decoder with an 8 MHz sampling rate (the worat case allowed for in the design
of this standard), can achieve proper decoding with up to * 125 ns of jifter between two edges, which is
equivalent to £62.5 ns on each edge. Other receiver designs may folerate more edge jitter. For example, a
6 MHz sampling rate would allow up to £83.33 uzs of jitter on each cdge and a 16 MHz sampling rate allows
up to £93.75 ns of jitter.

It may be necessary Lo uge a low-pass filier 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 noise may also
have an effect on the amplitude and edge rate of the received signal. The filtered signal’s edge rate near the
zero-crossing is used in the eritical translation from mV of noise and receiver offsef into ns of jitler.

An example receiver design uging an 8 MHz sampling rate and a 2 MHz Butterworth input filter might
be based on the following jitter budget:

LComponent Jitter
Input jitter {from above} 32 ng
Noise and receiver threshold offset 19.5
Receiver skew (analog) - 4
Receiver skew (digital) 7
Total : +62.5 ng
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The two primary contributors to noise in a 1BASES cable are seif-crosstalk and impulse noige (see
12.7.4). Because it is unlikely that both will be present at their 1% worst-case levels on any particular
cable, the required hit error rate attributable to each source can be set at half of the one in 10%error rate
required by 12.5.3.2.6.

Crosstalk noise js specified to be no more than 105 mV (peald) through a 2 MHz filter (see 12.7.4.2).
LBecavse crosstalk is present for the entire transmission of a packet, some crosstalk will coincide with the
most zensifive part of the received signal. Therefore, the receiver miust operate without error in the pres-
ence of this 1058 mV of noise,

Impulse noise has a peak amplitude of 170 mV for £0.005 counts/s through the 2 MUz filter (see
12,7.4.1). This threshold does not directly correlate o jitter, however, because the devivation of the 62.5 ns
Jjitter tolerance for an & MHz clack assumed worst-case sampling error. Assuming a randem phasing of the
sampling clocl 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 sbhave.

A3, Example Crosstallk Computation for Multiple Disturbers

A method for computing multiple-disturber, near end, crosstalk attenuation (MDNEXT) into each
1BASES poir is specified in 12.7,3.2. This appendix provides example computations of MDNEXT using that
method when only the distribution of Xj; is known.

The single-disturber prebability distribution curve (labelled “1”) shown in Fig A4 is based on acinal mea-
surement of 25-pair, 24-gange, upshielded, twisted pair cable. The remaining probability distribution
curves {labelled with the number of disburbing pairs) were computed using Monte Carlo simulation. To
compute each sample MDNEXT); for N disturbers, N values of crosstalk attenvation (X;) were chosen from
the single-disturber distribution and N values of crosstalk phase () were chosen from n uniform distribu-
tion between 0 and 2m rad. These values were then used with the following equations to compute
MDNEXT;:

3 (=X, 720}
Hj “ZisileO cnsﬂi

B (-X,/20) .
Vi= 31eienlil sin §;

MDNEXT; = 10log o (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, 29%
1 61.2 dB 7.0 dB 48.6 4B
] 2 500 57.2 6.2 46.4
3 3 500 55.1 5.8 45.2
| G 500 52.0 5.7 42.5
; 13 1000 48.5 5.4 3%.1
: 18 500 a7.1 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 cables. Furthermore, telephone cables with larger
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Fig 44
MDNEXET Cumulative Frobabilily Distribution

rnhers of pairs are often constructed using sub-bundles of 25 pairs each and so might yield similar
resulis {for example, the curves for 13 or fewer distarbers would be the most applicable oneg).

The caleulation method of this Appendix, though not the numeric values, applies to 1HOBASE-T

Ad, 10BASE-T

A4l System Jitter Budget. The jiiter budget for 10BASE-T is apportioned as follows:

g Maginnun-Length Short Length
Jitter budget Twisted-Pair Link Twisted -Paiv Link

fiitior exprosand in dnsa)

Encoder 0.5 i
AU eable inchiding SNT(DO pair) 1.5 £5
MAE transmitter a0 2.0
Twisted-pair medivm with equalization i5 6.0
Noige jitter on twisted-pair medium 8.0 Zh
MAU receiver 15 1.5
AUL cable Including SNR (DY pais) 1.5 1.5
Total 165 55
NOTE; Total transmil jitler for the combinatior of the MAU transmitter and fink sepment 114.3.1.2.3) 2 43,5 ns and $8.0 ns for max-

imum- awd short-length twisted-pair link seymonts, respectively, 1t is the sum of the entries for MAU transmitter and twisted-pair
medivm with equalization. The individual components cannot he easily observed on MAUs. Shert-length sepment is defined 53 a
shert, non-zero-length twisted-pair link, A short- sather than a zero-lenpth semment is used In the coloutntion since a zevo-lengtl o
ment will bave no significant noise i is a less severe casp.
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A4.2 Fiiter Chavactovistics. The implementation of the 3-pole, low-pase Bolterwortl flier sheuld have
the fellowing characlovistios:

3 dB eafoll froqueney i MHz
Inseriion loss (5 MEHz o 10 3Mi{z) £1.0dB

36 MHz attenuation 217,548
Input impedance (5 MHz to 10 MIz) 10

Teeturn loss with 100 G load (5 MHz to 10 MHz) >3320 di3

This filier is only used for the tests deseribed in 14.3.1.3.2, 14.4.4.1, and 14.4.4.2. A buifer may be needed
to achicve the above return logs when using an LC implementation of this filtey,

Ad.3 Motes for Conformance Testing. The following notes are provided o assist in developing the con-
o _— i
formancee tost.

A4.3.3 Motes for 14.8.1.2.1 on Differential Guipui Vollage. For testing harmonics measured on the
TE cireuit when the DO cireuit is driven by an all-ones Manchester-enceded signal, it is acceptable to use a
paitern of maximum lengih packets whose data field is all ones,

For testing of the maximum and minimum output signal o the template in Fig 149, the reconunended
rueasurenient procedure ig described as follvws, An oscilloseope set {or a zero voltage brigimer with a positive
slope is allowed Lo accumuliate an eye pattern thai must be within the template. Acguisition nmust be long
enpugh to ensure that all data varlations have been observed. When using packetized data, the TP_IDL
and the first {ransmitted bil should be excluded from this measurerent. Alsa, the Interpacket interval may
be adjusted so that transition-to-idle transient effects are exclided. When testing with the inverted tom-
plate, the slope of the scope Lrigger should be negative.

£4.3.2 Note for 14.3.1.2.2 on ‘Traansmitter Differential Gutput Impedance. The return loss (RL) is
defined as follows:

o p E1"lz';uiz;n.;i:lréx + chhiei
RL: = 20 IUg 105 73
%Z'Gmin.ummtr - "r.alﬂei
and also
5 . Vil
Ri, = 20%og ;e
Vo

where

Fsanamittor 18 the impedance of the transmitier

Loante 18 the impedance of the cable

V:is e difforential voliage incidenl upon the transmitter
V. is the differential voliage reflected from the transmitier

(1} A transmitter with a purely resisiive source impedance of 96 £ 1= 20% will satisty this requirement.
{2y The requirement of 14.3.1.2.2 is cquivalent to the following two constraints:
{a) The return logs when measurcd with an 85 0 resistive source is ai least 15 dB in the {reguency
range of 5 MMz to 10 M1z
(b) 'The return less when measured with a 111 £ resistive source is at least 15 dB in the {requency
range of 5 MHe to 10 MUz,

A4.3.3 Hote for 14.3.1.2.3 on Oudput Timing Jitier. Adherence to the template of 14.3.1.2, 1 with a jil-
terless source driving DO and the zero erossings constrained Lo 46.5 ns to 53.5 ns and 96.5 ns to 103.5 ngis
sufficient to 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 encoeder and AT jitler. This test is simpler to perform than the test
which follows, but failure of this {est does not demonsirale noacompliance.

When triggering on one cdge’of the transmitted signal and observing another edge, the observed jitier
measures the difference between the jitter of the tripgering edge and the observed edge. When the {wo
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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 n single edge.

Therefore, a test that demonstrates compliance or noncompliance is as follows: Observe the zero cross-
ings 8 BT and 8.5 BT from the triggering zero crossing while lransmitting a pseudo-random data 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 intervals 8.0 BT £ 7 ns and 8.5 BT + 7 ns. An integrated MAU is compliant when
all zero crossings fail within the time intervals 8.0 BT £ 11 ns and 8.5 BT £ 11 ns.

When wusing packetized data, the TP_IDL and the first transmitted bit should be cucluded from these
measurements,

44.3.4 Genersl MNote on Common-fiode Tests. When performing tests specified as balanced or com-
mon-node, the balance of the test equipment (such as matching resistors) must exceed that required by the

test.

A4.3.8 Note for 14,3.1.3.4 on Receiver Differential Input Impedance. The return loss (RL) is
defined as follows:

IZ receiver T Z cab]e[

RL = 20log e
mlzmwivur - Zmblnl
and also
RL = 201 Vil
= Ogm]"ﬁ""”
®

where

Zroceiver 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 follewing Lwo constraints:

(a) The return loss when measured with an 85 ( resistive source is at least 15 dB 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 frequency
range of 5 MHz to 10 MHz.

A4.3.6 Neote 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 (measwred 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 imes the
voltage-time integral of the positive idle pulse (measured from the last positive zero crossing to the nepa-
five zero crossing).

44.3.7 Note for 14.5.1.3.56 on Receiver Common-Mode Rejection. For a stand-alone MAU, the
receiver common-made test may be performed with a jitterless E,, so that the DI circuit should have na
more than 4.0 ng 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.

286

CISCO 1022
Cisco v. ChriMar




180G 8802-3 ; 1093
CEMA/CD AWSIAGER Std 8025, 1583 Bihlien

Appendix I
State Diagram, MAC Sublayer

Bi. Intreduction

This Appendix contains a generalized state machine description of the CSMA/CD procedures for MAC. It
is supportive of the fermal procedures defined in 4.2. It is assumed that the reader is familiar with those
formal descriptions.

The state diagrams of this Appendix are descriptive rather than definitional; the formal statements of
4.2 provide the definitive specifications.

B2, 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).
a0 FAEARBLE DONE
snr | v recusr [ TSt MO L
yRisa ¢ EXCESSNVE TRRET
CARRIER DOHE we COLESHS bSRE
oM LSS
.
2
TE
CARRER p
OFF i
DEFER KO wAT,  [DELAY HO s backorr oELat Yo | BAGKORF
LN CATA CARRIER CARIER
REGUEST RESUEST . o L]
0
/
! T w DELAY TILECUT m@m T A
! o -~ - n Y
; DEFER WAT DELAY WAIT HACKOFF DEPER
H TE’ - BALROFE TIMEDUT [y trascearrsirres e R
CAARER
e e PREANBLE AID DATA CfF
Ts
Fig B1

Teansmit Component Siate Diagram

B2.2 Transmit Component Event Deseriptions
Initialize. This event is'gcncmted by management to start up the component.
Data Request. This event is generated by the LLC sublayer, It indicates there is a PDU to be transmitted,
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Trangmit Onmponend Biate Transtiion
¥

",

POCAL ANT MICPRODOLVEA R AR NETWORKY,

ehle 81

Astion

Mt Stale

Current Stata Bvent
0. Start Initindize - Poripsn Inninlization Hite
1. Lile Dadn Request - Corstroet Frame
- Btart Frame Transiszion Transmit
- Mo Aclion
Carrier On Defer No Wait
2. Transmit Prewsble Dana AKD - Etart Jam Transmission
Collizion Detect Up « Ingrement Alterspt Connt Jnm
Transmit Dong - Start Delsy Tiner Delny Mo Walt
- Reset Altempt Count
- Indicute succeszlal Transnission
8 Jam Transmit Dema - Btavt Daday Temer
- Siart Backoff Tuner Backoil Dilay
Excesstve Collisions - Start Delay Timer
- Indieate Transmit Bacessive Collisions  Delay No Wait
4. Bnckofl Carrier On - Mo Action Backoli Dofer
Backel Thacont - Start Frame Transmission Fransmil
5. Backeff Defer Carrier OfF - Btart Delay Timer Backell Dolay
Backoff Timaout - Mo Action Drefir Wit
8. DBackoff Delay Carrier On < Stop Delay Thnoer Backoff Defer
Delay Timesst - Mo Action Backolf

BackofT Thneout

- Mo Action

Dalay Weit

F. Lrefor No Wail Data Reguest - Construct Frame Defer Wait
Carrier Off - Start Delay Timer Pelay Mo Wait
8. Delny No Wait Data Request - Construcl Frame Delay Wait

Delay Timeant - No Action [die

9. Defer Wait Carrier OfF - Stard Delay ‘fimer Delay Wait

i, Delay Wait

Transmst

Delay Timeont - Blart Prame Transmission

Carrier On. This event indieates thatl the physical layer hag detected a change in carrier sense from no
carrier to carrier.

Corrier OfF This event indicates that the physieal layer has deigeted a change iin the state of earrier
sense from carrier to no carrvien

Preamble Done AND Collision Detect ¥p. This event indieates thatl the physiesl layer has deteciod a
collision wilh the frame being transmilted and the transmission of the preambile sequence 15 completed.

Delay Timeout. This event indicates that the interframe time delay has completed,
Backoff Timeout. This event indieates that the time pertod for backing off has completed,

Transmit Done. The bil transmitier has transmitied all of the bits in the transmit nffer specified hy the
transmit buffersize (which includes preamble and data).

Breessive Collisions. The bit transmitter has transmilted all of the bits in the transmil buffer apecified
by the transmit buffersize, and the attempl count is equal to the maximum transmit attempt count
atlowed,
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B3 Transmit Commnonent Action Doseriptiong

Consiruct Frame. This aciion encapsoinies the doals Geld with {he Proambde, 88D DA SN Lenptih, Pab,
and FFCS felds.

Start Prame Transmission, This aclion mitintes bt frassmission of The frane.
Stavt Jam Transmission, This action canses the bil transmitier to iransimit the bits of the jam patiora,
Indieante Suceegsful Transmission, This action reperts thal the transmission was suceessfnl,
Indieate Trunsmil Failure, This aclien reports the futhure of rnnsmission and the repson,

Inerement Attonpt Count. This action ineroments the countor used Lo vecord the nuinber of adtempis
made te transmal the same frame.

Raeyet Attempt Coont. This action initializes the atiempt count (o 4.

Start Backolf Timer This setion computes the random backoff delay Hine and sets the backelV Uner Lo
that time.

Biard Delay Timer. This action gets the delay timer to the interframe gap Lime.

Sten Delay Tirser This action turns ihe delay timer off

Perforp Baitialization, This aciion turns all timers off and ensores that certer is conaidered off and col-
Haton defect down, All counters are regel. Any implementatinn specific varinbles sie indtialized,

B2.4 Transmil Component Sinte Deseriplions

Bisri, The tramanit eomponent bas nat been initialized by monagement.

Idle. The transmil component is nof transiitding any date nor is 36 in a state where @ iz prevented from
fransmitting date,

Transgmit. The transmit component is netively ransmitting hits onto the moedinm,
Jera, The transindl. component is actively transmitting Jan bits onio the medium,

Backofi. The transmit component is waiting for its random Imekofl delay o cxpive betire aliempling o
ratransmitl a frane,

Backoff Dofer, The tranamit component is wailing for boily the wmedinm {o becone available and Tor its
backoff time delay to expire buefore altompling to rebrnnsmit o frame

Backofi Belay. The transmit component is waiting for the inlerframe gop and the backalf dolays Lo cspive
betore altempting Lo retrassmil a lromne.

Defer Mo Wait, The transmit component has no (rame Lo transmit and i eannal bramsmit one i gets one
because the medivm is busy.

Delay Mo Woit, The (ransmit component hag no (fame {o transmit and it conld not 174 had one heeause it
i waiting for the interframe gap time o expire,

Drefor Wait, The transit component is waiting for the medinm te beeome free before attempting {o trans-
mit or retransmit the frama.
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Irelay Wail. The transmit component is waiting for the inferframe gap thne to expice before attempting to
transmit or retransmit the frame.
B3. 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 O
START {HEALIZE 1DLE RECEVE

ol
P
CARRIER, OFF

Fig B2
Receive Component State Diogram

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, Receive Carrier Off - Process Frame Received ldle

B3.1 Heceive Component Event Descriptions
Initialize, This event is generated by management o start ap the component,

Carrier On. This event indicates that the physical layer has detected a change in carrier sense from no
carrier to cavrier,

Carrier Off. This event indicates that the physieal layer has delected 2 change in the state of carrier
sense from carvier to no carrier,

B3.2Z Receive Component Action Descriptions

Perform Initialization. This action turns all timers off and ensures that cavrier is considered off and col-
lision datect down. All counters are reset. Any implementation specific variables are initialized,

Start Receiving, This action hegins the processes of accepting bils and appending them to the buffer used
to contain the frame.
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Process Frame Received, If the frame is not addressed to this station, then ignove the frame, Otherwise,
check the frame for errors. If there are no errors, pass frame up fo the LLC sublayer indicating no error.
Otherwise, pass the frame to the LLC sublayer indicating the error.

3.3 Receive Component State Deseriplions

Start. The receive component has not been initialzed 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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O ndroduastion

This Appendix provides general guidance, {o both the design engineor and the eveatual user of spocific
product implementations, on what particalar secijons of the 150 8802-3 OSRACLY Loval Area Network
Standard might be considered useful for different application environments. It is to be emphagized that the
material in this Appendix {s very general, as the standard spedifieations are intended to be relatively
applieation-independent. Nevertheless, cerlain gpecifications may spply more to one apphication enviren-
ment than another, What follows are brief deseriptions of application envivenments and lists of those
generic parameters of the physieal layer speeifications thought to be useful in relating a genernl set oF vser
requirements to a speeific slandard speeiBieation and s related medivum, Onee o basic relaiionship iy iden-
tified, the reader js directed to u specific sention of the standerd jor detailed design specifications.

O2. Type 1GBASEDS Applicalions

One of ithe wajor arenas for local area networks 3s the interconnection of work stadions throughont a
large department or single bullding. The ability to handle all kinds of messapge fraffie at relatively high
data rates among a lavge set of work stations are typieal chinneteristies of these eovivonments, Usually the
basic interconnection trunk eable i installed and left in place permanently or for exiended periods while
wark station placement may shaft from time to tine. The Type T0BABES spacification pravides the primary
baseband backbone for intraplant CSMA/CD inferconnections. Scections 7 and & of the standard provide
detailed gpecifications for the physical hayers assoeciated with Type 10BASES environmenis. The generic
physical layer parameters are as bllows:

Maxipoum unrepeatered cable segment A00 m

Maximm number of MAUs per segment 10

Conneclor type Type N or couxtal *iap”

Breakdown voliage, MAU function 20V ae rms

MTEF 1 sniliion hours

Total Segment Resistance 50

MAU separation ZhHm

Connection shunl capacitanes 4 plt

AU Tanctionalily DO, DI CE(CO aptional)
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8. Vype HBASES Appliontions

Anothar najor arena fer local areo networks iz the inferconvection of wirk stdions thvongbout noamall
depariiment oy work aren. The ability to hanlie 81 kinds of messape adlie ol relniively hieh dals rates
among a sclected st of loeally clusiered work stetions are ihe (ypical charaeteristics of these onviren-
ments. In addilion, the asie intereennection {runk cuble is Hkely to be moved froquenily by the loenl usera
of the equipment to suit evalving neads, The Type 10BABE2 specifiention provides an inteccenneciion
schoma that complements the Type 10BASES backbone in o hicvarchieal momney for intradepartment or
work area USMA/CH inferconnections. Seetions 7 and 10 of the standard provide detatied speeifientions for
the physical Inyers associnled with Type H0BASEZ envirenments. The genevic physieal layver parameters
are ag follows:

Maximoem unrepeatered eable segment 185 1m
Muximum number of MAUs por segment 30

Connector tyvpe Type BN AT
Freakdown volinpe, MAU function A00 YV ae rmg
MTBE 100 000 s
Total Segment Resistance 108

MAU separation (1.5 m
Connection shomt capacitance @ pit

AU funcitonziily 1310, D, 0

Cd. Type FOIRL Applications

Applications information for vse of 807125 1 eptienl fiber is under consideration
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Appendix D
BEeceiver Wavelength Design Considerations

Reference 9.9.4.1.1, wavelength,

The center wavelength of the optical source emission is currently specified to be between 790 i and
860 nm. Although these limils are acceptable, it is currently recognized, through the examination of manu-
facturers’ current dala, that greater choices of emitters con be obtained by extending the allowable wave-
length to 910 nm.

An upper limit of 910 nm allows the seleetion 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).

Tt is anticipated that future fiber optic applications including Local Area Networks will use the 910 nm
upper limit for first window systems. 1t is therefore recommended that implementors specify receiver sen-
sitivity over a center wavelength range from 790 nm to 910 nm,
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