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International Standard ISO 8802-3 : 1989

. ISO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work of
preparing International Standards is normally carried out through ISO tech-
nical committees. Each member body interested in a subject for which a tech-
nical committee has been established has the right to be represented on that
committee. International organizations, governmental and non-govern-
mental, in liaison with ISO, also take part in the work. ISO collaborates
closely with the International Electrotechnical Commission (IEC) on all
matters of electrotechnical standardization.

Deaft In ic ;

culated to the member bodies for approval before their acceptance as Interna-
tional Standards by the ISO Council. They are approved in accordance with
ISO procedures requiring at least 75% approval by the member bodies voting:

In 1985, ANSI/IEEE Std 802.3-1985 was adopted by ISO Technical Committee
97, Information processing systems, as draft International Standard-ISO/DIS
8802-3. Following the procedures described above, the Standard was subse-
quently approved by ISO in the form of this new edition, which is published as
International Standard ISO 8802-3 : 1989. This edition also includes ISO 8802-
3/DAD 1 which resulted from the adoption in 1987 of ANSIIEEE Std 802.3a-
1988, ’ : o

For the purpose of assigning global addresses, the Institute of Electrical and
Electronics Engineers, Inc., USA, has been designated by the ISO Council as

the Registration Authority. Communications on:this subject should be ad-

dressed to

Registration Authority for ISO 8802-3

c/o The Institute of Electrical and Electronics Engineers, Inc

445 Hoes Lane '

PO Box 1331

Piscataway, NJ 08855-1331

USA

During the preparation of this International Standard, information was

gathered on patents upon'which application of the standard might depend.
Relevant patents were identified as belonging to Xerox Corporation. However,
ISO cannot give authoritative or comprehensive information about evidence,
validity or scope of patent and like rights. The patent-holder has stated that
licences will begranted under reasonable terms and conditions and com-
munications on-this subject should be addressed to

Xerox@orporation

P.0O Box 1600

Stamford, CT 06904

USA

International Organization for Sténdardization
Case postale 56 ¢ CH-1211 Gendve 20 « Switzerland
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Foreword to International Standard ISO 8802-3 : 1989

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

8802—-2
DATA
LINK
LAYER
' ‘ PHYSICAL

This family of standards deals with the physical and data link layers as
defined by the ISO Open Systems Interconnection Reference Model (ISO 7498 :
1984). The access standards define four types of médium access technologies
and associated physical media, each appropriate for) particular applications or
system objectives. The standards defining these technologies are:

(1) ISO 8802-3 [ANSI/IEEE Std 802.3-1988], a bus utilizing CSMA/CD as the
access method, '

(2) ISO 8802-4 [ANSI/IEEE Std 802:4-1985], a bus utilizing token passing as
the access method, - ‘

(3) ISO 8802-5 [ANSVI/IEEE Std 802.5-1985], a ring utilizing token passing as
the access method,

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

ISO 8802-2 [ANSI/IEEE Std 802.2-1985], Logical Link Control protocol, is
used in conjunction.with the medium access standards.

The reader of this document is urged to become familiar with the complete
family of standards. '
 The main-body of this standard serves for both the ISO 8802-3 : 1989 and
ANSVIEEE-802.3-1988 standards. ISO and IEEE each have unique foreword
sections: The Annex applies to the IEEE standard only. The Appendices serve
as udeful reference material to both standards.
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ANSIIEEE Std 802.3-1988

IEEE Standards documents are developed within the Technical Committees
of the IEEE Societies and the Standards Coordinating Committees of the IEEE
Standards Board. Members of the committees serve voluntarily and without
compensatlon They are not necessanly members of the Instltute The stan-

subJect within the Institute as well as those actmtles outsxde of IEEE whlch have
expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an.IEEE
Standard does not imply that there are no other ways to produce, test, measure,
purchase, market, or provide other goods and services related to the scope of the
IEEE Standard. Furthermore, the viewpoint expressed at the time ‘a)standard is
approved and issued is subject to change brought about through-developments in
the state of the art and comments received from users of the standard. Every
IEEE Standard is subjected to review at least once every five years for revision
or reaffirmation. When a document is more than five years old, and has not
been reaffirmed, it is reasonable to conclude that its-contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned
to check to determine that they have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested
party, regardless of membership affiliation with IEEE. Suggestions for
changes in documents should be in the form of a proposed change of text, to-
gether with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of
portions of standards as they relate to specific applications. When the need for
interpretations is brought to the attention of IEEE, the Institute will initiate ac-
tion to prepare appropriate.résponses. Since IEEE Standards represent a con-
sensus of all concerned interests, it is important to ensure that any inter-
pretation has also received the concurrence of a balance of interests. For this
reason IEEE and the-members of its technical committees are not able to provide
an instant responge to interpretation requests except in those cases where the
matter has previously received formal consideration.

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

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017

USA

IEEE Standards documents are adopted by the Institute of Electrical and

Electronics Engineers without regard to whether their adoption may involve
patents on articles, materials, or processes. Such adoptions does not assume
any liability to any patent owner, nor does it assume any obligation whatever to
parties adopting the standards documents.
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Foreword to ANSIIEEE Std 802.3-1988
(Editorial Revision of ANSIIEEE Std 802.3-1985 and
ANSIIEEE Std 802.3a-1988)

(This Foreword is not a part of ISO 8802-3 : 1989 or of ANSVIEEE Std 802.3-1988.)

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

802.1

802.2 DATA LINK-LAYER

802.4| [802.5| .PHYSICAL LAYER

This family of standards deals-with the Physical and Data Link Layers as
defined by the ISO Open Systems Interconnection Reference Model. The ac-
cess standards define three types of medium access technologies and associ-
ated physical media, each appropriate for particular applications or system
objectives. The standards defining these technologies are:

(1) ANSI/IEEE. Std 802.3-1988 [ISO 8802-3], a bus utilizing CSMA/CD as the
access method,

(2) ANSI/IEEE Std 802.4-1985 [ISO 8802-4], a bus utilizing token passing as
the access-method,

(3) ANSIIEEE Std 802.5-1985 [ISO 8802-5], a ring utilizing token passing as
the access method.

ANSI/IEEE Std 802.2-1985 [ISO 8802-2], the Logical Link Control standard,
is used in conjunction with the medium access standards.
IEEE P802 1 descnbes the relatlonshlp among these standards and thelr Te-

detall Thls compamon document also w111 contam networkmg management
standards and information on internetworking. The reader of this standard
is urged to become familiar with the complete family of standards.

The local area network access mechanism specified by this standard may


https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530

include patented matter. The IEEE Standards Office calls attention to the fact
that it is claimed that the process of the local area network access mechanism
described throughout this standard is the subject of United States patent num-
‘bers 4 063 220 and 4 099 024 and corresponding patents of foreign countries
owned by the Xerox Corporation. Although these patents appear to cover the ac-
cess’ mechamsm subJect in th1s standard the IEEE takes no posmon w1th re-

w1111ng to grant a 11cense under these patents on reasonable and nondlscnm-
inatory terms and conditions to anyone wishing to obtain such a license. The
Xerox Corporation's undertakings in this respect are on file with the IEEE
Standards Office and the license details may be obtained from the Office of
General Counsel of Xerox Corporation, whose address is Post Office Box 1600,
Stamford, Connecticut 06904, USA.

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

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

Readers wishing to know the state of revisions should contact

Secretary

IEEE Standards Board

Institute of Electrical and Electronics Engineers, Inc

PO Box 1331, 445 Hoes Lane

‘Piscataway, NJ 08855-1331

When the IEEE 802.3 Working Group approved this standard in 1983 it had
the following membership:

Donald C. Loughry, Chairman
Phil L. Arst Donald E. Kotas Robert S. Printis
Robert F. Bridge William P. lelnsky Gary S. Robinson
Charles_Brill Laurie Lindsey Robert Rosenthal
‘G.J.. Clancy ' William D. Livingston Gary Stephens
John{ Davidson Andy Luque Daniel P. Stokesberry
Ralph-DeMent Daniel Maltbie Ken. F. Sumner
Hank (H. N.) Dorris Jerry McDowell Daniel Sze - :
*~Judith Estrin . C.Kenneth Miller Victor J. Tarassov
Richard Fabbri - Robert 1. Morrell ' P. E. Wainwright
Ingrid Fromm Wendell Nakamine Lyle Weiman
Milton C. Harper W. P. Neblett Hugh E. White
00Ver James Nelson Choa-Ping Wu
George D, Jelatis Thomas L. Phinney Nick Zades -
Harold W. Katz ~-David Potter Mo R. Zonoun
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Individuals who contributed actively in the development of this standard
throughout its elaboration were

Juan Bulnes

Dean Lindsay

Mark Townsend

Ron Crane Then. T. Liu Roger Van Brunt
Dane Elliot Robert Moles Bo Vicklund

Alan Flatman Tony Lauck ; Chris Wargo
Maris Graube Joseph St. Amand Richard Williams
Guy Harkins - Richard Seifert Ron Yara

Nathan Tobol

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

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

original concepts.

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

Don Loughry, Chairman

Alan Flatman, Chairman, Type 10BASEZ2 Task Force

Menachem Abraham
R.V. Balakrishnan
William Belknap
Charles- Brill .
Juan Bulnes
Stephen Cooper
Ronald Crane
John Davidson
Mark Devon

Phil Edhelm
Gregory Ennis
Judy Estrin
Richard(Fransen
Ingrid" Fromm
Robert Galin

Rich Graham

Guy Harkins

Greg Hopkins

Joe Kennedy

Hiroshi Kobayashi
Tony Lauck
William  Livingston

- Hugh Logan

Leland Long
Andy Lugue
Danie]l Maltbie
Steven Moustakas

Wendell Nakamine -

Lloyd Oliver
Aidan Paul
David Potter
Eugene Reilly

Joseph Rickert
Gary Robinson
Robert Rosenthal
Joseph St. Amand
Walter Schreuer
Stephen Soto
Gary Spencer
Robert Summers
Pat Thaler
Geoff Thompson
Wendell Turner
David White
Lawrence White
Rich Williams
Ronald Yara
Mo Zonoun



https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530

The following persons were on the balloting committee that approved

ANSVIEEE Std 802.3-1985 for submission to the IEEE Standards Board:

W. Adams R. Harrington C. Ostereicher
R. Appleby H. Heilborn M. Papa
G. Arnold L. Heselton S. Peter
Y. Baeg D. Hislop D. Phuoc

rd C Hn'\l\a T_ Phi ey
J. Becker S. Hollander G. Power
E. Bergaimini P. Hutton A. Reddi
Boorstyn P. Induiago M. Repko
A. Carrato T. Ishida F. Restivo
G. Carson d. Jelemenshy L. Rich
S. Chakradarti 0. Kahn D. Rine
S. Chandra S. Kak R. Rosenthal
F. Chang K. Katzeff P. Ruosadri
C. Chao C. Kessler S. Samoylenko
C. Chen D. Kirschen B. Sashi
P. Chen R. Kolm A. Sauer
K. Chon T. Kuki N Schneidewind
R. Chow R. Kunkel Q.)Serlin
G. Clinque W. Lai D. Shepard
I Cotton V. Lasker D. Sloyer
D. Cox N. Lau H. Solomon
R. DeJardins R. Laughlin G. Stephens
D. Dickel F. Lim C. Stillebroer
C. Eldridge T. Liu K. Sumner
P. Enslow dJ. Loo E. Sykas
J. Fendirch K. Loughner A. Tantawi
M. Figuerea D. Loughry D. Tether
D. Fisher T. Louhenkillbi J. Tourret
J. Fletcher D. Manchester K Tu
W. Franta M. Marco D. Umbaugh
R. Gagliano D. Matters J. Vorhies
D. Gan D.McInode A. Weissberger
M. Graube D.’Michels W. Wenker
M. Greene L. Moraes T. Wicklund
R. Gustin D. Morriss T. Wolf
K. Harbaugh J. Murayama F. Wolff
G. Harkins R. Nelson R. Youg

D. Ofsevit

e
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Marshall Abrams

Keith W. Harbaugh

Marco Meli

John Adams S.M. Harris David S. Millman
William B. Adams dJ. Scott Haugdahl Aditya N. Mishra
S.R. Ahuja Sharon Healy Richard J. Moff
Kit Athul C.W, Hobbs David E. Morgan
)1} JI1IL L
Yong-Myung Baeg. Paul L. Hutton Kinji Mori
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Karl H. Kellermayr
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When the IEEE Standards Board approved this standard on June 9, 1988, it
had the following membership:

Donald C. Fleckenstein, Chairman
Andrew G. Salem, Secretary
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Fletcherd. Buckley
James/M. Daly

Stephen R. Dillon
Eugene P. Fogarty

Jay Forster*

Thomas L. Hannan
Kenneth D. Hendrix
Theodore W. Hissey, Jr.

‘John W. Horch

Jack M. Kinn

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

John E. May, Jr.
Lawrence V. McCall

Marco Migliaro,Vice Chairman

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

*Member emeritus



https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530



https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530

)
] Contents ,
t - ' SECTION PAGE
L. Introduction. ... .cccueiiiiiiieiieiiiiiiniieneitnesessstsonsnesnssosssansassianes 17
8 0 T 017725 o 75 1= O T 17
-7 1.1.1 Basic Concepts..ic.cociverinereniiiiinrnenenrnceenenroces TR ¥ {
) : 1.1.2 Architectural Perspectives........cccciieiivivierievarnicesnsnise 17
1.1.3 Layer Interfaces ..o i it ieieiiiieieneeeean. .19
! 1.1.4 Application Areas........cccoeiieiiiiiiiiiniiiiiiiirenriennie, 19
] 0\ 5 717 1) ¢ RO S P 20
1.2.1 State Diagram Conventions...........vooeveieiiiiaiianiennandd 20
1.2.2 Service Specification Method and Notation...............a0. 21
: 1.2.3 Physical Layer and Media Notation ..........c.cccicoveiinnnns 22
~ 1.2.4 Physical Layer Message Notation.................85 ..., 22
. 1.3 References .....cioveeviriviienrveenecereeerierecenennns Sy © NS 2
1.4 Definitions.....iiiieiiirrirerninioenenreesecrosasessssend A AU 23
2. MAQC Service Specification........c.covvrerivreenrineieiei@oiiieiireericiearens 25
2.1 Scope and Field of Application.........cccocvvvn e iiiiiiiiiiininiiii 25
2.2 - Overview of the Service.........oovvviiinnniivmelonriiiiiiineiniienn. 25
--2.2.1 . General Description of Services Provided by the Layer...... 25
2.2.2 Model Used for the Service Specification.......c..c.ceerrvnene. 26
'2.2.83 Overview of Interactionsiii..cciccciiviviverrmvecricrrsiaesennes 26
2.2.4 Basic Services and Options. i ....ccoiieiiiiiinivinnsrecsoresane 26
2.3 Detailed Service Specification.. s .iioeeviiiiiiiiniiiiieiioiiaieienen 2
2.3.1 MA_ DATA . request. it iiiiiiiiiereierieiornsenionnsresennnsens 26
2.3.2 MA_DATA.INAIcatioN. . ccoieiireiiiiinneereereoseesioissrnnnnes 27
3. Media Access Control Frame Structure.........cccciceeieviiienneirroceenens 29
31 OVervieW......ovivevebeervocnererennsnsnass L ieereveseanacteseannnasenanes 29
3.1.1 MAC Frame Format..........c..oceveerertnnnriesseenceecisaneenes 29
3.2 Elements of the MAC Frame.........ccvviveiiveiinerenicsnsniieaseresees 30
3.21 Preamble TField......cooooiiiiiiiiiiiiiiniiiinin., e 30
3.2.2 Start Frame Delimiter (SFD) Field.......c.......ivvinens eeene 30
3.2.3 Address Fields........ciiiiviviniinnnniirieesoreroensriveniereses 30
‘ 3.2.4 ~Destination Address Field........cccooeeivvininiiionnnsaaninss 31
. ‘ 3.2.58 -Source Address Field.........cccvviniiiiiiiiiiieriiinenionn. PO 31
32,67 Length Field...........civiviiiiniiiiiniiosieeeereeresnenncnnsranns 32
327 Dataand PAD Fields.......cooivviiiiiiniiiiierienrennnnnnnnnnes 32
3.2.8 Frame Check Sequence Field .......ccooviviiriiniiniiinniennnns 32
3.3 Order of Bit Transmission.......c..cecevevennvivnees veeeereensirosnenria 33
3.4 Invalid MAC Frame.......cccvvuuiiiiinnerenereeiresivsmenionssonessanes 33
4: Media Access Control Method.....cccocviiiiiiiniiiinniiiiiiniiioivioineiiass 35
) 4.1 TFunctional Model of the Media Access Control Method............... 35
— 41T Overview T 35
- 4.1.2 CSMA/CD Operation .......cccooviiviiiiiiiiiineiininionieennes 35
. ' 4.1.3 Relationships to LLC Sublayer and Physical Layer.......... 38

4.1.4 CSMA/CD Access Method Functional Capabilities........... 38



https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530

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

Specification............ S DN 40
4.2.1 Introduction............ e reaseeeaiecnrecererenannenesrastestarebon 40
4.2.2 Overview of the Procedural Model..........ccc.vivivviinennnnns 40
4.2.3 Prame Transmission Model.........cccoviivriiiiireinincennnes 43
424 TFrame Reception Model - 1 |
4.2.5 Preamble Generation .......cooveveieieiiiiciiniicrcrerienionsnss 48
4.2.6 Start Frame SeqUence ........cooveeeeverreiirnnneeissieisacensans 49
4.2.7 Global Declarations....c.ooevevviiiiiniernrererereeeesssssseenesss 49
4.2.8 Frame TransmiSSsion........cccoiviiiiiiiiiriiiieiiionnonoeeidss 52
429 Frame Reception.......cooviiiiiiiiniiiniiiiiiiiiiiiiiiemubien. 57
4.2.10 Common Procedures .......cvovvviviviveeeevsierisriopabiiveeein, 60
4.3 Interfaces to/from Adjacent Layers...........cccvvoomeiitornniinenen 60
431 OVervieW...oooivvivieiiineeererieinnereeeereseeafnivaess eereeees 60
4.3.2 Services Provided by the MAC Sublayer ..c.0ioooviiiinnnnn 60
4.3.3 Services Required from the Physical Layer................... 61
4.4 Specific Implementations...........coviiiiiimiiiiiiineiniiiii. 63
4.4.1. Compatibility Overview........{0 M. viiiiviniiininininnnnnens 63
4.4.2 Allowable Implementations.... . iiiveiiririieiriiiiineinen, 63
5. Network Management.......icicoveveenn S0 iiiiiiiiiiiniiiininnieninien. 65
6. PLS Service Specifications.........cvcevion@ierieiiirneiernnieeneenneieeneens 67
6.1 Scope and Field of Application... "\ ...o.coiiiiiiiiiiiiiiniiiiniinnn, 67
6.2 Overview of the Service....... .50 iiiieieiuereriorietroeirroensorerrosens 67
6.2.1 General Description of Services Provided by the Layer...... 67
6.2.2 Model Used for the Service Specification.......cccccerverennees 67
6.2.3 Overview of (Interactions.........cccoevvrveeveeecensiennroenennes 67
6.2.4 Basic Services . and Options.......cciviiiiiireaieerensnnnarinnses 67
6.3 Detailed Service Specification........c.ccccvvivviiviinniioniecriasenenns 68
6.3.1 Peer-to-Peer Service Primitives.............cooiviiiiiiiiiennn 68
6.3.2 Sublayer-to-Sublayer Service Primitives...................... 68

7. Physical Signaling (PLS) and Attachment Unit Interface
(AUI) Specifications .......ccvciiiiiiiiiinniirieeiaiiiirinirnennes erreeeereaeies n
T 1 T eeehesersaeaas reeeereriianen !
723 Definitions ....cccvvvvvnriiiiniriiieriierieaneees eeeeerereeanas 72
7.1.2 Summary of MaJor Concepts .............. e erneeeereeeeeaaas 72
7.1.3 Application ........ et e aenerteeseeatee et tarseessiaaresrrenanres 73
7.1.4 Modes of Operation .. .iveeeeeriireeeerirnnuininrcesieeccocssees 73
7.1.5 Allocation of Function ...........vcvvviivieniiniiineierincnnenns 73
7.2 TFunctional Specification........ccioiviiiiiiiiiiennriinininniiiines ... 73
7.2.1 PLS-PMA (DTE-MAU) Interface Protocol.................... 73

7.2.2

7.2.3 Frame Structure......ccccciiiveiiniiiiiineiseieiioriecsisnscseces 82
7.2.4 PLS Functions....ccciccvveireriiiiieinieienrroriooiesronssscennes 83
- 7.3 Signal Characteristics........ccoveviniiiiinini, ereererenrerenensanans 86

1 7.3.1 Signal Encoding..........ccovveiiiniiiiiiiiiiiiiiiinn. ceviiaees 86



https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530

:
SECTION PAGE
) 7.3.2 Signaling Rate.........cccoviviiiiiiiiiiiiniiiiiin. g1
: 7.3.3 Signaling Levels ......ccooiiiniiiiiiiiiiiiiiiiiiiinn 91
. 7.4 Electrical Characteristics.......ccoovviiiiiiiiiiiiiniiiiiiiiiiini., gl
7.4.1 Driver Characteristics.....ocovievevieeriiiinriiiiiiiiinieeenes 92
7.4.2 Receiver Characteristics.......ooocviiriiiiiiiiiiiiiiniieninna. 95
43— AH Cable Characteristics ———— 97
7.5 Functional Description of Interface Circuits ...............oooivenies 99
751 General.....coeveiireirreiereeeiiseiceriorassiocssnsaocessaseosaess 99
7.5.2 Definition of Interchange Circuits ............coviiiiiiiasane 100
7.6 Mechanical Characteristics .........oveviiiiiiiieiiiiiiiiiniiiinecseds 103
7.6.1 Definition of Mechanical Interface ...................C5 ... 103
7.6.2 Line Interface Connector........oocevvvvvnvirviiecalldeniie. 103
. 7.6.3 Contact Assignments.........cocvveiiiiiiiiiiii@ii.. 104
8. Medium Attachment Unit and Baseband Medium Specifications,
Type L10BASES.....cccoiiiiiiiiiiiiiinriciiiin St 107
8.1 SCOPE  cverereerrrereannsenesstirntiseransesssaneendseivhoeciieciiecinaens 107
8.1.1 OVeIVIEW...covveerrrnnrarssocsssssssesdidybosesssssnsacassasssonss 107
8.1.2 Definitions ....ccoviiiiiiiiiieenee s Sh i 108
8.1.3 Application Perspective: MAU and MEDIUM Objectives...109
8.2 MAU Functional Specifications.......50 . ...cooiiiiiiicaiiniiiione. 110
8.2.1 MAU Physical Layer Functions............oevevviiiiincenns 111
8.2.2 MAU Interface Messages .. .coreireeerereirerrasoioneianssanes 114
8.2.3 MAU State Diagrams.........ccccovrvvuivummimririerniecsicione 115
8.3 MAU-Medium Electrical\Characteristics..........ceevviiiiieeeniinns 116
8.3.1 MAU-to-Coaxial CCable Interface..........ccccovrvruiernrnnnnns 116
8.3.2 MAU Electrical Characteristics .......ccoovvvvvennniiiennnns, 121
8.3.3 MAU-DTE BElectrical Characteristics.......cccccevvernvannnas 122
8.3.4 MAU-DTE-Mechanical Connection................. rverenens 122
8.4 Characteristics.of the Coaxial Cable ...........cccivviiiiviiieeiiean... 122
8.4.1 Coaxial Cable Electrical Parameters .........c..coovevnieeeen 122
8.4.2 Coaxial Cable Properties.........coovviririiiniinnniirerasscaies 123
‘ 8.4.3 (Total Segment DC Loop Resistance................cooeeennnn. 125
8.5 Coaxial Trunk Cable Connectors .......cco.vieveieiniiiiiiieniennsnens 125
851 Inline Coaxial Extension Connector...........ccoovvveiiinns 125
85.2 Coaxial Cable Terminator..........ccocvcieviiiineinininiennn 125
8.5.3 MAU-to-Coaxial Cable Connector ...........coveiiiiiieannnnns 126
816 System Considerations..........ocevieeeriereeiiiiiiiiiiiiiiiiniiennne. 127
8.6.1 Transmission System Model...........coovviiiiiiiiiiiina 127
8.6.2 Transmission System Requirements..........cccoceiiieeees 129
. 8.6.3 Labeling......... e eeeseeseeseneenasaneretetiranaantasssastetsnes 132
8.7 Environmental Specifications ........cccoovvviiiiiiirneeiiiiieieen 132
8.7.1 General Safety Requirements........cccccocciiiiiiiiiiiininne, 132
8.7.2 Network Safety Requirements............covviiiniiiiiiinnns 133
8.7.3 Electromagnetic Environment ...........cccooeiiiiiiiiiiinn 134

8.7.4 Temperature and Humidity...........ccoooeiiieiiiiiiiii 135



https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530

SECTION ‘ ) ' PAGE

8.7.5 Regulatory Requirements............c..occiiiiiniiiniiiinnnn, 135
9. Repeater Unit .......ccooiiviiiiiiiniiiiiiiniionrinininiionienecss SevEeseneirie 137
9.1 Repeater Set and Repeater Unit Speclﬁcatxon .......... Needriineenses 1837
9.1.1 Basic Repeater Set Configuration.............ccvvvvevienanns 137
9.1.2 Data Propagation .........cooovrinniiiiiiiiiin, Svveiesveneiiaris 138
9-1-3—Collision Petection-and-Jam-Generation———
9.1.4 Test FUnCtions ...ocvvivvrinniiiaiiinnserisocaussninesecsossones ..140
9.2 Repeater Unit State Diagram Input and Output Definitions........, 140
10. Medium Attachment Unit and Baseband Medium Specifications,
Type 10BASE2........iiiiiiiiiiiiiniiiiiiiiiiiiiniiiiieeiiinenicaiinmeiin, 143
101 SCOPE vvvivvinrreiersriviensnsinsssesessonsinnns S R RTUTIRIR o ¥, SUPN 143
10.1.1 Overv1ew...................................., ..................... 143
10.1.2 Definitions ...ccccovuinirvereeinediiiieniissvansessfohasesssiansns 144
10.1.3 Application Perspective: MAU and Medium ©bjectives....145
10.2 REfOreNCeS «.ovvrrererrinerneneorineerensinerensenensesbontornsonensonaras 146
10.3 MAU Functional Specfications.................6..50viviiiiiniinin 146
10.3.1 MAU Physical Layer Functional Requlremenibs..‘......'...147
10.3.2 MAU Interface Messages..........00 o iiiiciiinniiinnn, 150
10.3.3 MAU State Diagrams........il..cceceiiiiiiiiiiinionnn 152
10.4 MAU-Medium Electrical Characteristics...........ccoveevuvveennisn 153
10.4.1 MAU-to-Coaxial Cable . dnterface........cc.ccoovnviveensncrnese 153
10.4.2 MAU Electrical Characteristics ......c.c.ooovniiiaiii. 155
10.4.3 MAU-DTE Electrical, ‘Characteristics............c.....v.0s.. 156
10.5 Characteristics of Coaxial Cable System...................... PP .156
10.5.1 Coaxial Cable Electrical Parameters ...............0..00e ...156
10.5.2 Coaxial Cable.- Physical Parameters...........ccccoerens veesn 157
10.5.3 Total Segment-DC Loop Resistance.............civviveiiiviin 159
10.6 Coaxial Trunk Cable Connectors ........cceeviiiiediviriiaennassss +o..159
10.6.1 In-Line.Coaxial Extension Connector.............c.ceeueeoin. 159
10.6.2 Coaxial Cable Terminator............... vneeiesereiashennarate 159
10.6.3 MAU:to-Coaxial Cable Connection...... e iieeerdei e i 159
10.7 System Considerations..........oovvvvviiiiriiiirniiiiiiiiiiiiiieins 161
10.71) Transmission' System Model...... e ede e sees e iiiieriiieis 161
10.7.2 Transmission System Requirements.........cccoceceeeenn. 162
10.8,Environmental Specifications .......ccciieiiiiiviiiiinainiimniiiesdes’ 164
10.8.1 Safety Requirements................. i iteesiisenaineseiiesadnes 164
10.8.2 Electromagnetic Environment..................... Cieeeeens ..165
10.8.3 Regulatory Requiréments.............cooivviiiiiiiinniinne, 165
11. Broadband Medium Specifications, Type 10BROAD36
[under consideration].....c.voiveviieierneiernieiinnioieeerecinmnnioirecsonss 167
12. Baseband Medium Spec:ﬁcatmns, Type I1BASES [under consideration] 167
FIGURES
Fig1l-1 LAN Standard Relationship to the OSI Reference Model ............ 18
.20

Fig 1-2  State Diagram Notation Example..............coociii ..



https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530

FIGURES
Fig1-3  Service Primitive Notation...........c.ooveiiiiniiiiiiiiiiiininnninin, 2
Fig 2-1 - Service Specification Relation to the LAN Model .................... 25
Fig3-1 MAC Frame Format.........ccovuiuviiveiiiniininninnininnirecrenerneens 29
Fig 3-2 Address Field Format.........ooovviiiviiiiinineinnrniiiiinsreneerennns 30
- Fig4-1 MAC Sublayer Partltxonmg, Relatlonshlp to OSI Reference

MOAeL. .. eeniiu i iriintiunieniiuneessreneineensesessssensensssseassanrnse 36
Fig4-2 CSMA/CD Media Access Control Functions..............ccovevvven.. 39
Fig4-3 Relationship Among CSMA/CD Procedures..........cccceveurinne 42
Fig4-4 Control Flow Summary ........cccovviiiiiiiiiiiiiiiineienenenane bie 4
Fig4-5 Control Flow: MAC Sublayer...........ocecvuvvennnreenneneinns. (00 .45
Fig 6-1 Service Specification Relationship to the LAN Model....... ). ..... 68
Fig 7-1  Physical Layer Partitioning, Relationship to OSI Reference

Model.....oiiiiiiiiiiiiiiiiiiiiiiiiiiineinienrirerrersarabdeciaeranans n
Fig7-2 Generalized MAU Model.......ccovvvvrviirniniinimiadennnnnnnnnns e 4
Fig7-3 PLS Reset and Identify Function.......... BT\ A 76
Fig7-4 PLS Mode Function ........eiveeirreireinrnnnnneefihereereeseesoneennns i
Fig7-5 PLS Output Function........ccvvvvivrmnnrninan@oneniiinnennnninnnasnans 78
Fig 7-6  PLS Input Function ...........c...oocovinimiidiinniininienenn, .84
Fig 7-7 PLS Error Sense Function .........c....iuiveiiineniiinnnennennninnc.. 8
Fig 7-8 = PLS Carrier Sense Function........ 500 ciiiiiiiiinieninieriinennns 87
Fig 7-9  Interface Function for MAU with Conditioning...................... 88
Fig 7-10 Examples of Manchester Waveforms..............c.cc..coevvens.. eee. 90
Fig 7-11 = Differential Output Voltage, Lioaded................cccvviiinnnnann.. 93
Fig 7-12 Generalized Driver Waveform.........ccceveviivninnininnennnnennens. M
Fig 7-13 Common-Mode Qutput Voltage..........cooeveinriiiriiniiinninnnennne. 9%
Fig 7-14 Driver Fault Conaditions........cccceervuerreriirenneernreienneernneeenns 96
Fig7-15 Common-Mode . I0put Test......cccovrrieirierirnerinnniviernnncesneennns 97
Fig 7-16 Receiver Fault Conditions...........cccooviiiiviiiiiiiiiiiniinene., 98
Fig 7-17 Common-Mode Transfer Impedance.........cc.ccceeerivviereennnns 9
Fig 7-18 Connector Locking Posts.......cccvviiiiiiiiiiriniiriiinerinionineenens 102
Fig 7-19 ConnectorSlide Latch .........ccovevuiveiviiiiinviieieneeneeniensens 103
Fig 7-20 Connector Hardware and AUI Cable Configuration................ 104
Fig 8-1  Physical Layer Partitioning, Relationship to the ISO Open

‘ System Interconnection Reference Model...............couvvvennen. 107

Fig 8-2 (Interface Function: Simple MAU without Isolate Capability ...... 116
Fig 8-3/~Interface Function: Simple MAU with Isolate Capability.......... 117
Fig 8-4~ Jabber Function ............ccooiiiiiiiiiininiiiiiniiinnineiienenenenenn. 118
Fig8-5 Recommended Driver Current Signal Levels........cococunee.... 120
Fig 8-6 Typical Coaxial Trunk Cable Signal Waveform................... 120
Fig 8-7 Max1mum Coaxial Cable Transfer Impedance ..................... 123
Fig 8-9 Typlcal Coax1al Tap Connectlon Clrcult ............................. 128
Fig8-10 Maximum Transmission Path ..........cccocvvevviiiiiiiiininnnne.. 129
Fig 8-11 Minimal System Configuration ........ bt ienasteieesteeienanneeis 130
Fig8-12 Minimal System Configuration Requiring a Repeater Set........ 130



https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530

FIGURES PAGE
Fig 8-13 An Example of a Large System with Maximum Transmission

27T T OO N 131
Fig 8-14 An Example of a Large Point-to-Point Link System (5140 ns).....131
Fig 9-1 Repeater Set, Coax-to-Coax Configuration........................... 137
Fig 9-2 Repeater Set, Coax-to-Link Configuration........................ .. 138

i - i i 3 § & NN R Ry rr 1

Fig 9-4 Collision_Gone State Diagram...........cccooiiiiiiiinn 141
Fig 9-5 96 State Diagram..........cccevviiinvrinriiiiiineineinneeieirieeaieenn, 141
Fig10-1 Physical Layer Partitioning; Relationship to the ISO Open

System Interconnection (OSI) Reference Model ...... Wevererpmea i, 143
Fig10-2 MAU Interface Function.........ccooovviiveiiiiiiiinn 007 148
Fig 10-3 Jabber Function State Diagram ..............ccooovn o, 151
Fig10-4 Driver Current Signal Levels..............ccooii @b, 154
Fig10-5 Coaxial Trunk Cable Waveform ................... &, 155
Fig10-6 Maximum Coaxial Cable Transfer Impedance...>................ 158
Fig10-7 Examples of Insulated Connector Cover............ccccoenninnn. 160
Fig10-8 Maximum Transfer Path...................d0n 161
Fig10-9 The Minimum System Configuration................. verreeeeneenns 163
Fig 10-10 The Minimum System Configuration Requiring a Repeater Set . 163
Fig10-11 An Example of a Large Hybrid System.........cccccorenennnnenis, 164
TABLES
Table 8-1 Generation of Collision Presence Signal .............ccovvvvuenan. 113
Table 9-1 Repeater Set and Repeater Unit Specification........ reerrirerennes 139
Table 10-1 Generation of Collision) Presence Signal .....veuvveeernrenrnnennes 149
ANNEX
Additional Reference Material .......... e teerneeeu e eestesraesrrsanaratants 169
APPENDICES
A  System Guidelines...... P P 171
B  State Diagram, MAC Sublayer ........ccocvvviiiiiiiiiiiiiiiiiiiininin, 179
C  Application Context, Selected Medium Specifications.................... 185
APPENDIXFIGURES
Fig A1 < Maximal System Configuration Bit Budget Apportionments......173
FiglA2 Typical Signal Waveforms ..............ivceviiiiinnninnnnn. eeeeee.. 176
Fig'A3 Worst-Case Signal Waveform Variations.......................... 176
FigBl Transmit Component State Diagram..............cccoeoiiinnnnniii. 180
Fig B2 Receive Component State Diagram...............coovieiiiiieiin... 183
APPENDIX TABLES
Table Bl Transmit Component State Transmission...........cccovvvnninnnn 181

Table B2 Receive Component State Transmission.............cccceoeennn 183



https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530

they fit together.

Information processing systems—
Local area networks—

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

1. Introduction

1.1 Overview

1.1.1 Basic Concepts. The Carrier Sense Multiple Access with Collision De-
tection (CSMA/CD) media access method is the means by which two or more
stations share a common transmission medium. To transmit, a station waits
(defers) for a quiet period on the medium-(that is, no other station is transmit-

_ting) and then sends the intended message in bit-serial form. If, after initiat-

ing a transmission, the message collides with that of another station, then
each transmitting station intentionally sends a few additional bytes to ensure
propagation of the collision throughout the system. The station remains silent
for a random amount of time (backoff) before attempting to transmit again.
Each aspect of this access method process is specified in detail in subsequent
sections of this standard:

This is a comprehensive standard for Local Area Networks employing
CSMA/CD as the. access method. This standard is intended to encompass sev-
eral media types-and techniques for signal rates of from 1 Mb/s to 20 Mb/s.
This edition of the standard provides the necessary specification and related
parameter{values for 10 Mb/s baseband implementations. It is expected that
subsequént editions of this standard will provide similar specifications for
additional implementations (for example, other data rates and physical me-
dia).

1.1.2 Architectural Perspectives. There are two important ways to view local
area network design corresponding to

(2) Implementation. Emphasizing actual components, their packaging and

interconnection.
This standard is organized along architectural lines, emphasizing the

17
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large-scale separation of the system into two parts: the Media Access Control
(MAC) sublayer of the Data Link Layer, and the Physical Layer. These layers
are intended to correspond closely to the lowest layers of the ISO Model for
Open Systems Interconnection (see Fig 1-1). See reference [10]. 1 The Logical
Link Control (LLC) sublayer and MAC sublayer together encompass the func-
tions intended for the Data Link Layer as defined in the OSI model.

121 architectu izati ; W i -
vantages: ' '

(1) Clarity. A clean overall division of the design along architectural lines
makes the standard: clearer.

(2) Flexibility. Segregation of medium- dependent aspects in the Bhysical
Layer allows the LLC and MAC sublayers to apply to a fam11y of transmission
media.

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

Fig1-1
LAN Standard Relationship to the
- OSIReference Model
os| LAN
REFERENCE. MODEL CSMA/CD
LAYERS LAYERS
APPLICATION : .
HIGHER LAYERS P
PRESENTATION Y c
/| - LOGICAL LINK CONTROL
__DTE § DIE
SESSION At
exposed)
TRANSPORT
NETWORK L au
DATA LINK '
— _ MA_UJ
PHYSICAL :
— MDI

AUl " = ATTACHMENT: UNIT INTERFACE

MAD = MEDIOM ATTACHMENT UNIT

MDI.. = - MEDIUM DEPENDENT INTERFACE
= PHYSICAL MEDIUM ATTACHMENT

PMA

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

18
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The architectural model is based on a set of interfaces that may be different
from those emphasized in implementations. One critical aspect of the design,
however, shall be addressed largely in terms of the implementation inter-
faces: compatibility.

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

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

(2) Attachment Unit Interface (AUI). 1t is antlclpated thatmost DTEs will be
located some distance from their connection to the coaxial cable. A small
amount of circuitry will exist in the Medium Attachment Unit (MAU) directly
adjacent to the coaxial cable, while the majority of the hardware and all of the
software will be placed within the DTE. The AUI is defined as a second com-
patibility interface. While conformance with this interface is not strictly
necessary to ensure communication, it is highly recommended, since it al-
lows maximum flexibility in intermixing MAUs and DTEs. The AUI may be
optional or not specified for some implementations of this standard that are
expected to be connected directly to the’medium and so do not use a separate
MAU or its interconnecting AUI cable. The PLS and PMA are then part of a
single unit, and no explicit AUI specification is required.

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

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

(2) The intérface between the MAC sublayer and the Physical Layer in-
cludes signals for framing (carrier sense, transmit initiation) and con-
tention resolution (collision detect), facilities for passing a pair of serial bit
streams (transmit, receive) between the two layers, and a wait function for
timing.

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

etwork management tunctions will be di 5.

114 Appli(:ation Areas. The applications environment for the Local Area
Network is intended to be commercial and light industrial. Use of CSMA/CD
LANSs in home or heavy industrial environments, whlle not precluded, is not
considered within the scope of this standard.

19
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1.2 Notation

1.2.1 State Diagram Conventions. The operation of a protocol can be de-
scribed by subdividing the protocol into a number of interrelated functions.
The operation of the functions can be described by state diagrams. Each dia-
gram represents the domain of a function and consists of a group of connected,
mutually exclusive states. Only one state of a function is active at any given

time (see kg 1-2). v

Each state that the function can assume is represented by a rectangle. These
are divided into two parts by a horizontal line. In the upper part the stateis
identified by a name in capital letters. The lower part contains the name of
any ON signal that is generated by the function. Actions are desctibed by
short phrases and enclosed in brackets.

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

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

Fig1-2
State Diagram Notation Example

<STATEk NAME>

© <MESSAGE SENT>
TERMSTO ENTER ® <. .>(CONDITION' | ERMS TO EXIT
STATE STATE

- el

[ACTIONS TAKEN]

condition, for example, (if no_collision)
action, for example, [reset PLS functions]
logical AND

logical OR

Wait Time, implementation dependent
Delay Timeout

Backoff Timeout

unconditional transition

L U A 1 O A
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The state diagrams contain the authoritative statement of the functions they
depict; when apparent conflicts between descriptive text and state diagrams
arise, the state diagrams are to take precedence. This does not override, how-
ever, any explicit description in the text that has no parallel in the state dia-
grams.

The models presented by state diagrams are intended as the primary speci-

fications of the functions to be provided. It is important to distinguish, how-
ever, between a model and a real implementation. The models are optimized
for simplicity and clarity of presentation, while any realistic implementation
may place heavier emphasis on efficiency and suitability to a particularim-
plementation technology. It is the functional behavior of any unit that must
match the standard, not its internal structure. The internal details of the
model are useful only to the extent that they specify the external behavior
clearly and precisely.

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

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

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

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

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

The service/primitives are an abstraction of the functional specification
and the qser-layer interaction. The abstract definition does not contain local
detail of the user/provider interaction. For instance, it does not indicate the
local mechanism that allows a user to indicate that it is awaiting an incoming
call. Each primitive has a set of zero or more parameters, representing data
elements that shall be passed to qualify the functions invoked by the primitive,
.::Il“tlli‘l .III:'I: Z:."l: SE .C.‘ l": '..
any particular interface, some parameters may be explicitly stated (even
though not explicitly defined in the primitive) or implicitly associated with the
service access point. Similarly, in any particular protocol specification,
functions corresponding to a service primitive may be explicitly defined or
implicitly available.
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LAYER N ; LAYER ~ N
SERVICEUSER . | - _ SERVICE USER

LAYER N-1
SERVICE PROVIDER

w REQUEST

=

Fl

INDICATION
Fig 1-3
Service Primitive Notation

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

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

For example, the standard jcontains a 10 Mb/s baseband specification
identified as “TYPE 10BASES;” meaning a 10 Mb/s baseband medium whose
maximum segment length is 500 m. Each successive Physical Layer specifi-
cation will state its own unique TYPE identifier along similar lines.

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

1.3 References

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

[2] IEC Publication 96-1 (1971) (3rd Edition), Radio Frequency Cable, Part 1:

General Requirements and Measuring Methods.

2CISPR and IEC documents are available in the US from the Sales Department, American
National Standards Institute, 1430 Broadway, New York, NY 10018, USA. These documents are
also available from International Electrotechnical Commission, 3 rue de Varembé, Case Postale
131, CH-1211, Gendve 20, Switzerland/Suisse.
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[3] IEC Publication 96-1A (1976), 1st Supplement, Radio Frequency Cable, Part
1: Appendix Section 5.4, Terminated Triaxial Test Method for Transfer
Impedance up to 100 MHz.

[4] IEC Publiéation 169-8 and -16, Radio Frequency Coaxial Connections with
Screw Coupling, 50 Q (Type BNC and Type N).

[5] IEC Publication 380 (1985) (3rd Edition), Safety of Electrically Energized
Office Machines.

[61 IEC Publication 435 (1983) (2hd Edition), Safety of Data Processing Equip-
ment,

~ [7]1 IEC Publication 807-2 (1985) (1st Edition), Detail Specification for.a') Range
of Connectors with Round Contacts—Fixed Solder Contact Types.

[8] IEC Publication 950 (1986), Safety of Information Technology Equipment
Including Electrical Business Equipment.

[9] ISO 2382/09, The Information Processing Vocabulary; IPV, Section 09: Data
Communication.3 '

[10] ISO 7498, Information Processing Systems—Open Systems Interconnec-
tion—Basic Reference Model, November 15, 1984

Local and national standards such as those supported by ANSI, EIA, IEEE,
MIL, NFPA, and UL are not a formal part of the ISO 8802-3 standard. Refer-
ence to such local or national standards may be useful resource material and

“are identified by a bracketed number beginning with the letter A and located
in the Annex.

1.4 Definitions. The definitions used in this standard are consistent with ISO
2382/09, the Information Processing Vocabulary, IPV, Part 09, Data Commu-
nication. A more specifi¢ IPV Part 25 pertaining to LAN systems is in devel-
opment. See reference [9].

3 1SO documents are available in the US from the Sales Department, American National
Standards Institute, 1430 Broadway, New York, NY 10018, USA. ISO documents are also available
from ISO mémber bodies and from ISO Central Secretariat, 1 rue de Varembé, Case Postale 56,
CH-1211, Gen&ve 20, Switzerland/Suisse. :
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2, MAC Service Specification

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

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

Fig 2-1

Service Specification Relation to the LAN Model
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provided by the MAC sublayer allow the local LLC sublayer entity to exchange
LLC data units with peer LLC sublayer entities. Optional support may be pro-
vided for resetting the MAC sublayer entity to a known state.

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

2.2.3 Overview of Interacti

MA_DATA.request
MA_DATA.indication

2.2.4 Basic Services and Options. The MA_DATA.request and
MA_DATA.indication service primitives described in this section are con-
sidered mandatory.

2.3 Detailed Service Specification
2.3.1 MA_DATA.request

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

2.3.1.2 Semantics of the Servwe anltlve. The semantics of the prnmtlve
are as follows:

MA_DATA.request (
destination_address,
m_sdu}
service_class

)

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

+:2,3.1.3 When Generated. This primitive is generated by the LLC sublayer
entity whenever data shall be transferred to a peer LLC entity or entities. This
can be in response to a request from higher protocol layers or from data gen-
erated internally to the LL.C sublayer, such as required b; e 2 service.

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

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

MA_DATA.indication (
destination_address,
source_address,
m_sdu,
reception_status

)

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

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

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

. 2.3.2.5 Additional:Comments. If the local MAC sublayer entity is desig-
nated by the destination_address parameter of an MA_DATA. request, the in-
dication primitive will also be invoked by the MAC entity to the local LLC en-
tity. This full duplex characteristic of the MAC sublayer may be due to unique
functionality-within the MAC sublayer or full duplex characteristics of the
lower layers, (for example, all frames transmitted to the broadcast address
will inveke 'MA_DATA.indication at all stations in the network including
the station that generated the request).
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3. Media Access Control Frame Structure

8.1 Overview. This section defines in detail the frame structure for data
communication systems using local area network MAC procedures. It defines
the relative positions of the various components of the MAC frame. It.defines
the method for representing station addresses. It defines a partition'of the ad-
dress space into individual (single station) and group (multicast or multi-
station) addresses, and into user administered and globally ‘administered

addresses.

3.1.1 MAC Frame Format. Fignire 3-1 shows the eight fields of a frame: the
preamble, Start Frame Delimiter (SFD), the addresses of the frame’s source
and destination, a length field to indicate the length of the following field

Fig 3-1
MAC Frame Format
7 OCTETS |PREAMBLE
10CTET /|'sFb
2 OR 6 OCTETS | DESTINATION
ADDRESS
SOURCE
2 OR 6 OCTETS A
ADDRESS OCTETS WITHIN
FRAME TRANSMITTED
2 OCTETS |LENGTH TOP-TO-BOTTOM
LLC DATA
PAD
4 OCTETS |FRAME CHECK SEQUENCE
LSB MSB
b0 BITS WITHIN b’
FRAME TRANSMITTED

LEFT-TO-RIGHT ——>
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containing the LLC data to be transmitted, a field that contains padding if re-
quired, and the frame check sequence field containing a cyclic redundancy
check value to detect errors in received frames. Of these eight fields, all are of
fixed size except the LLC data and PAD fields, which may contain any integer
number of octets between the minimum and maximum values determined by
the specific implementation of the CSMA/CD Media Access mechanism. See

4.4 for particular implementations. ‘
The minimum and maximum frame size limits in 4.4 refer to that portion
of the frame from the destination address field through the frame check se-
quence field, inclusive. )
Relative to Fig 3-1, the octets of a frame are transmitted from top to bottom,
and the bits of each octet are transmitted from left to right.

3.2 Elements of the MAC Frame

8.2.1 Preamble Field. The preamble field is a 7- octet ﬁeld that is used to al-
low the PLS circuitry to reach its steady-state synchronization with the re-
ceived frame timing (see 4.2.5).

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

8.2.3 Address Fields. Each MAC frame shall contain two address fields: the
Destination ‘Address field and the Source Address field, in that order. The
Destination Address field shall specify the destination addressee(s) for which
the frame is intended. The Source Address field shall identify the station
from which the frame was initiated. The representation of each address field
shall be as follows (see Fig 3-2);

(1) Each address field shall ¢ontain either 16 bits or 48 bits. However, at any

Fig 3-2
Address Field Format

48 BIT ADDRESS FORMAT

176 u/L 46 BIT ADDRESS

16 BIT ADDRESS FORMAT

/G 15 BIT ADDRESS

I/G =0 ' INDIVIDUAL ADDRESS

I/G. =1 GROUP ADDRESS

U/L = 0. GLOBALLY ADMINISTERED ADDRESS
U/L =1 LOCALLY ADMINISTERED ADDRESS
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given time, the Source and Destination Address size shall be the same for all
stations on a particular local area network,

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

3 The first b1t (LSB) shall be used in the Destmatlon Address ﬁeld as an

1nd1v1dua1 or as a group address. In the Source Address ﬁeld the first blt is
reserved and set to 0. If this bit is 0, it shall indicate that the address field con~
tains an individual address. If this bit is 1, it shall indicate that the address
field contains a group address that identifies none, one or more, or all-of the
stations connected to the local area network.

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

(5) Each octet of each address field shall be transmitted least significant bit
first. e
- 8.2.8.1 Address Designation, A MAC sublayér address is of one of two
types:

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

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

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

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

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

The address space shall also be partitioned into locally administered and
globally administered addresses. The nature of a body and the procedures by
which it-administers these global (U) addresses is beyond the scope of this
standard.4

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

4 Information concerning the Registration Authority and its procedures may be obtained on
request to the Secretary General, ISO Central Secretariat, Case Postale 56, CH-1211 Genave,
Switzerland, quoting the number of this International Standard. The ISO Global (U) address
administration has been delegated to the Secretary, IEEE Standards Board, 345 East 47 Street, New
York, NY 10017, -
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- 8.2.5 Source Address Field. The Source Address field specifies the station
sending the frame. The Source Address field is not interpreted by the
CSMA/CD MAC sublayer. -

8.2.6 Length Field. The length field is a 2-octet field whose value® indicates
the number of LLC data octets in the data field. If the value is less than the
minimum required for proper operation of the protocol, a PAD field (a se-
quence of octets) will be added at the end of the data field but prior to the FCS
field, specified below. The procedure that determines the size of the pad field is
specified in 4.2.8. The length field is transmitted and received with the high
order octet first.

8.2.7 Data and PAD Fields. The data field contains a sequence of n) octets.
Full data transparency is provided in the sense that any arbitrary sequence of
octet values may appear in the data field up to a maximum number specified
by the implementation of this standard that is used. A minimum/frame size is
required for correct CSMA/CD protocol operation and is specified by the par-
ticular implementation of the standard. If necessary, the data field is ex-
tended by appending extra bits (that is, a pad) in units of octets after the LLC
data field but prior to calculating and appending the FCS. The size of the pad,
if any, is determined by the size of the data field supplied by LLC and the min-
imum frame size and address size parameters of the particular implementa-
tion. The maximum size of the data field is determined by the maximum
frame size and address size parameters of:the particular implementation.

The length of PAD field required for LEC data that is n octets long is max (0,
minFrameSize — (8 x n + 2 x addressSize + 48)) bits. The maximum possible
size of the LLC data field is maxFrameSize — (2 x addressSize + 48)/8 octets.
See 4.4 for a discussion of implementation parameters; see 4.2.3.3 for a dis-
cussion of the minFrameSize;

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

Gx){&=%32 + x26 4 x28 4 x22 4 x16 4 x12 4 x11 4 x10 4 x8 4+ x7 + x5
+xt+x24x+1 :

Mathematically, the CRC value corresponding to a given frame is defined
by the following procedure:
Ma o sy hata o I

st-32-bits-of the-frame-are-complomented.
(2) The n bits of the frame are then considered to be the coefficients of a poly-
nomial M(x) of degree n-1. (The first bit of the Destination Address field cor-

5 Packets with a length field value greater than those specified in 4.4.2 may be ignored,
discarded, or used in a private manner. The use of such packets is beyond the scope of this
standard. )
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responds to the x(@1) term and the last bit of the data field corresponds to the x0
term.)

(3) M(x) is multiplied by x32 and divided by G(x), producing a remainder
R(x) of degree <31.

(4) The coefficients of R(x) are considered to be a 32-bit sequence.

(5) The b1t sequence 1s complemented and the result is the CRC.

that the x31 term is the left-most blt of the ﬁrst octet and the x0 term is the nght-
most bit of the last octet. (The bits of the CRC are thus transmitted in the order
%31, x30, .. x1 x0.) See reference [A20].

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

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

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

(2) It is not an integral number of octets in length.

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

The contents of invalid MAC frames shall not'be passed to LLC. The occur-
rence of invalid MAC frames may be communicated to network manage-
ment.
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4, Media Access Control

4.1 Functional Model of the Media Access Control Method

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

The MAC sublayer defines a medium-independent facility; built on the
medium-dependent physical facility provided by the PhysicalChayer, and un-
der the access-layer-independent local area network LLC sublayer. It is ap-
plicable to a general class of local area broadcast media suitable for use with
the media access discipline known as Carrier Sense Multiple Access with
Collision Detection (CSMA/CD).

The LLC sublayer and the MAC sublayer together are intended to have the
same function as that described in the OSI model for the Data Link Layer
alone. In a broadcast network, the notion of.a.data link between two network
entities does not correspond directly to a distinct physical connection. Never-
theless, the partitioning of functions presented in this standard requires two
main functions generally associated with a data link control procedure to be
performed in the MAC sublayer, They are as follows:

(1) Data encapsulation (transmit and receive)

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

(2) Media Access Management

. (a) Medium allocation (collision avoidance)
(b) Contention resolution (collision handling)

The remainderof this section provides a functional model of the CSMA/CD
MAC method:

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

iven in 4.4. Figure 4-1 provides the architectural model described function-

ally in the sections that follow.

The Physical Layer Signaling (PLS) component of the Physical Layer pro-
vides an interface to the MAC sublayer for the serial transmission of bits onto
the physical media. For completeness, in the operational description that
follows some of these functions are included as descriptive material. The
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concise specification of these fanctions is given in 4.2 for the MAC functions
and in Section 7 for PLS.

Transmit frame operations are independent from the receive frame opera-
tions. A transmitted frame addressed to the originating station will be
received and passéd to the LLC sublayer at that station. This characteristic of
the MAC sublayer may be implemented by functionality within the MAC
sublayer or full'duplex characteristics of portions of the lower layers.

4.1.2.1 Normal Operation .
4:1,2.1.1 Transmission Wlthout Contention. When a LLC sublayer re-
quest§'the transmission of a frame, the Transmit Data Encapsulation compo-
nent/of the CSMA/CD MAC sublayer constructs the frame from the LLC-sup-
plied data. It appends a preamble and a start of frame delimiter to the begin-
ning of the frame. Using information passed by the LLC sublayer, the
CSMA/CD MAC sublayer also appends a PAD at the end of the MAC 1nforma-

1sﬁes a minimum frame size requu'ement (see 4, 2 3 3). It also appends des-
tination and source addresses, a length count field, and a frame check se-
quence to provide for error detection. The frame is then handed to the Trans-
mit Media Access Management component in the MAC sublayer for trans-

‘mission.
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Transmit Media Access Management then attempts to avoid contention
with other traffic on the medium by monitoring the carrier sense signal pro-
vided by the Physical Layer Signalling (PLS) component and deferring to
passing traffic. When the medium is clear, frame transmission is initiated
(after a brief interframe delay to provide recovery time for other CSMA/CD
MAC sublayers and for the physical medium). The MAC sublayer then pro-

vides a serial stream of bits to the PLS interface for transmission.

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

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

4.1.2.1.2 Reception Without Contention. At eachreceiving station, the
arrival of a frame is first detected by the PLS, which-responds by synchroniz-
ing with the incoming preamble, and by turning on the carrier sense signal.
As the encoded bits arrive from the medium, they are decoded and translated
back into binary data. The PLS passes subsequent bits up to the MAC sublayer,
where the leading bits are discarded, up ‘to and including the end of the
preamble and Start Frame Delimiter.

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

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

4.1.2,2 Access Interference and Recovery. If multiple stations attempt to
transmit at the same time, it is possible for them to interfere with each other’s
an m3 100.8 m_snite_ao o o amunte A _ovaid 3o b A nfazssnn Mhaoan
transmissions from two stations overlap, the resulting contention is called a
collision. A given station can experience a collision during the initial part of
its transmission (the collision window) before its transmitted signal has had
time to propagate to all stations on the CSMA/CD medium. Once the collision
window has passed, a transmitting station is said to have acquired the
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medium; subsequent collisions are avoided since all other (properly
functioning) stations can be assumed to have noticed the signal (by way of
carrier sense) and to be deferring to it. The time to acquire the medium is thus
based on the round-trip propagation time of the physical layer whose elements
mclude the PLS, PMA, and physical medlum

tially notices the interference on the medium and then turns on the colhsmn
detect signal. This is noticed in turn by the Transmit Media Access Man-
agement component of the MAC sublayer, and collision handling begins.
First, Transmit Media Access Management enforces the collision by’ trans-
mitting a bit sequence called jam. In 4.4 an implementation that.uses this
enforcement procedure is provided. This ensures that the duratiotijof the col-
lision is sufficient to be noticed by the other transmitting station(s) involved
in the collision. After the jam is sent, Transmit Media Access Management
terminates the transmission and schedules another transmission attempt
after a randomly selected time interval. Retransmission)is attempted again
in the face of repeated collisions. Since repeated collisions indicate a busy
medium, however, Transmit Media Access Management attempts to adjust to
the medium load by backing off (voluntarily delaying its own retransmis-
sions to reduce its load on the medium). Thig\is accomplished by expanding
the interval from which the random retransmission time is selected on each
successive transmit attempt. Eventually,“either the transmission succeeds, or
the attempt is abandoned on the assumption that the medium has falled or has
become overloaded.

At the receiving end, the bits resulting from a collision are received and de-
coded by the PLS just as are the bits of a valid frame. Fragmentary frames re-
ceived during collisions are (distinguished from valid transmissions by the
MAC sublayer’s Receive Media Access Management component.

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

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

(1) For Frame Transmission

(b) Presents a bit-serial data stream to the physical layer for transmis-
sion on the medium
NOTE: Assumes data passed from the LLC sublayer are octet multiples.
(2) For Frame Reception
(a) Receives a bit-serial data stream from the physical layer-
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PHY_SICAL LAYER SIGNALING
NOTE: Numbers refer to functions listed in.4.1.4.

Fig4-2
CSMA/CD Media Access Control Functions

(b) Presents to the LLC sublayer frames that are either broadcast frames
or directly addressed to the local station
(c) Discards or passes to Network Management all frames not addressed
to the receiving station
(3) Defers transmission of)a bit-serial stream whenever the physical
medium is busy
(4) Appends proper FCS value to outgoing frames and verifies full octet
boundary alignment
(5) Checks incoming frames for transmission errors by way of FCS and
verifies octet boundary alignment
(6) Delays tratismission of frame blt stream for specified interframe gap
period
(7) Halts transmission when collision is detected
(8) Schedules retransmission after a collision until a specified retry limit is
reached
(9)-Enforces collision to ensure propagation throughout network by sending
jam message

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

(12) Removes preamble, Start Frame Delimiter, DA, SA, length count, FCS
and pad field (if necessary) from recelved frames

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

4.2.1 Introduction. A precise algorithmic definition is given in this section,
providing procedural model for the CSMA/CD MAC process with a program in
the computer language Pascal. See references [A2] and [A19] for resource
material. Note whenever there is any apparent ambiguity concerning the def-

ALY V. WANTTYYS WY,

ral specification in 4.2.7 through 4.2.10 which should be consulted for the
definitive statement. Sections 4.2.2 through 4.2.6 provide, in prose, a descrip-
tion 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 writtenin the com-
puter language Pascal. This procedural model is intended as the primary
specification of the functions to be provided in any CSMA/CD MAC sublayer
implementation. It is important to distinguish, however; between the model
and a real implementation. The model is optimized for simplicity and clarity
of presentation, while any realistic implementation shall place heavier
emphasis on such constraints as efficiency and. suitability to a particular im-
plementation technology or computer architecture. In this context, several
important properties of the procedural model shall be considered.

4.2.2.1 Ground Rules for the Procedural Model

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

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

(3) The handling of incoming and outgoing frames is rather stylized in the
procedural model, in the sense that frames are handled as single entities by
most of the"MAC sublayer and are only serialized for presentation to the Phys-
ical Layer. In reality, many implementations will instead handle frames
serially.on a bit, octet or word basis. This approach has not been reflected in
the procedural model, since this only complicates the description of the func-
tions without changing them in any way.

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

1 The timine d Jencies introduced by il 1 £
activity are resolved in two ways:

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

(b) Processes Versus Processes. Among processes, no assumptions are
made about relative speeds of execution. This means that each interaction
between two processes shall be structured to work correctly mdependent of

processes is often, in part an mdlrect reﬂectlon of the txmxng of externa]
events, in which case appropriate timing assumptions may still be made.

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

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

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

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

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

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

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

(2) The model makes no use of any explicit interprocess synchronization
primitives{ Instead, all interprocess interaction is done by way of carefully
stylized _manipulation of shared variables. For example, some variables are
set by only one process and inspected by another process in such a manner that
thesnet result is independent of their execution speeds. While such techniques
are not generally suitable for the construction of large concurrent programs,
they simplify the model and more nearly resemble the methods appropriate to

chines, etc.)

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

4
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the interface operations provided by the MAC sublayer. The five processes are
thus: :

(1) Frame Transmitter Process N
(2) Frame Receiver Process
(3) Bit Transmitter Process

(4) Bit Receiver Process
(5) Deference Process

This organization of the model is illustrated in Fig 4-3 and reflects the fact
that the communication of entire frames is initiated by the client of the MAC
sublayer; while the timing of collision backoff and of individual bit-transfers

‘ Fig4-3 ‘
Relationship Among CSMA/CD Procedures

‘FrameTmnsmltter) LLC SUBLAYER . © Eramenecelver

5 | B
TransmitFrame W ( RecelveFrame I
TranemitDataEncap | | | RecelveDataDecap | —| —— FRAMING
ComputePad | CRC32 | RecognizeAddress IRemovePadI
TransmitLinkMgmt MED!A A?fESS SUBLAYER . -|ReceiveLinkMgmt
WatchForColigio BackOff StartRecelve
| StartTransmit I Randoml .- MEDIUM
MANAGEMENT
] ( BitTransmitter (. BitReceiver )
PhysicalEncap RealTimeDelay PhysicalSignalDecap
|StartJam| NextBit I
v
TranemitBit | Walt | PHYSIGAL LAYER | RecelveBt
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-is based on interactions between the MAC sublayer and the Physical-Layer-
dependent bit time.

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

than the procedural structure that performs them. The usage of the shared state
variables is not depicted in the figures, but is described in the comments and
prose in the following sections.

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

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

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

4.2,3.1 Transmit Data Encapsulation
4.2.3.1.1 Frame Assembly. The fields of the CSMA/CD MAC frame are
- set to the values provided by the LLC sublayer as‘arguments to the Transmit-
Frame operation (see 4.3) with the exception of the padding necessary to en-
force the minimum framesize and the frame check sequence that is set to the
CRC value generated by the MAC sublayer.
4.2.3.1.2 Frame Check Sequence Generation. The CRC value defined in
3.8 is generated and inserted in the frame check sequence field, following the
fields supplied by the LLC sublayer:;
4.2.3.2 Transmit Media Access Management
4.2.3.2.1 Carrier Deference. Even when it has nothing to transmit, the
CSMA/CD MAC sublayer monitors the physical medium for traffic by watch-
ing the carrierSense signal provided by the PLS. Whenever the medium is
busy, the CSMA/CD.MAC sublayer defers to the passing frame by delaying
any pending transmission of its own. After the last bit of the passing frame
(that is, when carrierSense changes from true to false), the CSMA/CD MAC
sublayer continues to defer for a proper interFrameSpacing (see 4.2.3.2.2).

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

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

rules of deference stated above.

NOTE: It is possible for the PLS carrier sense indication to fail to be asserted briefly during a
collision on the media. If the Deference process simply times the interFrame gap based on this in-
dication it is possible for a short interFrame gap to be generated, leading to a potential reception
failure of a subsequent frame. To enhance system robustness the following optional measures, as
specified in 4.2.8, are recommended when interFrame SpacingPartl is other than zero:
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(1) Upon completing a transmission, start timing the interpacket gap-as soon as transmitting
and carrierSense are both false.

(2) When timing an interFrame gap following reception, reset the interFrame gap txmmg if
carrierSense becomes true during the first 2/3 of the interFrame gap timing interval.
During the final 1/3 of the interval the timer shall not be reset to ensure fair access to the
medium. An initial period shorter-than 2/8 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 de-

§ -

FrameSpacing seconds. This is intended to provide interframe recovery time
for other CSMA/CD sublayers and for the physical medium,

Note that interFrameSpacing is the minimum value of the interframe-spac-
ing. If necessary for implementation reasons, a transmitting sublayer may
use a larger value with a resulting decrease in its throughput. The larger
value is determined by the parameters of the implementation, see.4.

4.2.3.2.3 Collision Handling. Once a CSMA/CD sublayer has finished
deferring and has started transmission, it is still possible for“it to experience
contention for the medium. Collisions can occur until acquisition of the net-
work has been accomplished through the deference of all other stations’
CSMA/CD sublayers.

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

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

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

(3) It is the scheduling quantum for retransmission.

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

4.2.3.2.4 Collision Detection and Enforcement. Collisions are detected
by monitoring the collisionDetect signal provided by the Physical Layer.
When a collision is detected during a frame transmission, the transmission
is not terminated immediately. Instead, the transmission continues until
additional bitsspecified by jamSize have been transmitted (counting from the
time collisionDetect went on). This collision enforcement or jam guarantees
that the)duration of the collision is sufficient to ensure its detection by all
transmitting stations on the network. The content of the jam is unspecified; it
may-be any fixed or variable pattern convenient to the Media Access im-
plementation, however, the implementation shall not be intentionally de-
31gned to be the 32-bit CRC value correspondmg to the (partial) frame trans-
mi ior to the jam.

4.2.3.2.5 Collision Backoff and Retransmission. When a transmission
attempt has terminated due to a collision, it is retried by the transmitting
CSMA/CD sublayer until either it is successful or a maximum number of at-
tempts (attemptLimit) have been made and all have terminated due to colli-
sions. Note that all attempts to transmit a given frame are completed before

46


https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530

ISO 8802-3 : 1989
CSMAKCD ANSI/IEEE Sid 802.3-1988

any subsequent outgoing frames are transmitted. The scheduling of the re-
transmissions is determined by a controlled randomization process called
“truncated binary exponential backoff.” At the end of enforcing a collision
(jamming), the CSMA/CD sublayer delays before attempting to retransmit the
frame. The delay is an integer multiple of slotTime. The number of slot times
to delay before the nth retransmission attempt is chosen as a uniformly dis-

tributed random integer r in the range:
0<r<2k
where

k = min (n, 10)

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

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

4.2.3.3 Minimum Frame Size. The CSMA/CD Media Access mechanism
requires that a minimum frame length of minFrameSize bits be transmitted.
If frameSize is less than minFrameSize, then the CSMA/CD MAC sublayer
shall append extra bits in units' of octets, after the end of the LLC data field but
prior to calculating, and appending, the FCS. The number of extra bits shall be
sufficient to ensure that'the frame, from the DA field through the FCS field
inclusive, is at least-minFrameSize bits. The content of the pad is unspecified.

4.2.4 Frame Reception Model. CSMA/CD MAC sublayer frame reception
includes both data decapsulation and Media Access management aspects:

‘(1) Receive) Data Decapsulation comprises address recognition, frame
check sequence validation, and frame disassembly to pass the fields of the
received:frame to the LLC sublayer.

(2X Receive Media Access Management comprises recognition of collision
fragments from incoming frames and truncation of frames to octet bound-

aries. : :
4.2.4.1 Receive Data Decapsulation

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

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

17
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(2) Group Addresses. The CSMA/CD MAC sublayer recognizes and accepts
any frame whose DA field contains the Broadcast address.

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

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

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

4.2.4.2 Receive Media Access Management

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

Q1) Maximum Frame Size. The receiving“CSMA/CD sublayer is not re-
quired to enforce the frame size limit, but it is allowed to truncate frames
longer than maxFrameSize octets and report this event as an (implemen-
tation-dependent) error.

(2) Integer Number of Octets in(Frame. Since the format of a valid frame
specifies an integer number of octets, only a collision or an error can produce
a frame with a length that is'not an integer multiple of 8 bits. Complete frames
(that is, not rejected as collision fragments; see 4.2.4.2.2) that do not contain
an integer number of octets are truncated to the nearest octet boundary. If
frame check sequence yalidation detects an error in such a frame, the status
code alignmentError)is reported.

4.2.4.2.2 Collision Filtering. The smallest valid frame shall be at least
one slotTimeCin length. This determines the minFrameSize. Any frame
containing less than minFrameSize bits is presumed to be a fragment result-
ing fromsa collision. Since occasional collisions are a normal part of the Me-
dia Aceess management procedure, the discarding of such a fragment is not
reported as an error to the LLC sublayer.

4.2.5 Preamble Generation. In a LAN implementation, most of the Physical
Layer components are allowed to provide valid output some number of bit
times after being presented valid input signals. Thus it is necessary for a

preamble to be sent before the start of data, to allow the PLS circuitry to reach its
steady-state. Upon request by TransmitLinkMgmt to transmit the first bit of a
new frame, PhysicalSignalEncap shall first transmit the preamble, a bit se-
quence used for physical medium stabilization and synchronization, followed
by the Start Frame Delimiter. If, while transmitting the preamble, the PLS
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asserts the collision detect signal, any remaining preamble bits shall be sent.
The preamble pattern is:

10101010 10101010 10101010 10101010 10101010 10101010 10101010

The bits are transmitted in order, from left to right. The nature of the pattern
is such that, for Manchester encoding, it appears as a periodic waveform on the

medium that enables bit synchronization. It should be noted that the preamble
ends with a “0.”

4.2.6 Start Frame Sequence. The PLS recognizes the presence of activity on
the medium through the carrier sense signal. This is the first indication‘that
the frame reception process should begin. Upon reception of the sequence
10101011 immediately following a latter part of the preamble pattern; ’Physi-
calSignalDecap shall begin passing successive bits to ReceiveLinkMgmt for
passing to the LLC sublayer.

4.2,7 Global Declarations. This section provides detailed formal specifica-
tions for the CSMA/CD MAC sublayer. It is a specification of generic features
and parameters to be used in systems implementing this media access
method. Section 4.4 provides values for these sets of parameters for recom-
mended implementations of this media access mechanism.

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

const
addressSize = ... ; (16 or 48 bits in compliance with 3.2.3}
lengthSize = 16; {in bits)
LLCdataSize = ...; {LLC Data, see 4.2.2.2, (1)(c)}
padSize = ...; {in bits, £ max (0, minFrameSize — (2 x addressSize
+ lengthSize + LLCdataSize + crcSize))).
dataSize = ...; {= ELCdataSize + padSize}
creSize = 32; {32.bit CRC = 4 octets)
frameSize =...;-{= 2 x addressSize + lengthSize + dataSize + crcSize,
see 4.2.2.2(1))

minFrameSize = ... ; (in bits, implementation-dependent, see 4.4}

slotTime = ... ; {unit of time for collision handling,
implementation-dependent, see 4.4}

préambleSize = ... ; (in bits, physical-medium-dependent}

sfdSize = 8; {8 bit start frame delimiter}

headerSize = ...; {sum of preambleSize and sfdSize}

type
Bit =01 5

AddressValue = array [1..addressSize] of Bit;
LengthValue = array [1..lengthSize] of Bit;
DataValue = array [1..dataSize] of Bit;
CRCValue = array [1..crcSize] of Bit;
PreambleValue = array [1..preambleSize] of Bit;
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SfdValue = array [1..sfdSize] of Bit;
ViewPoint = (fields, bits); (Two ways to view the contents of a frame}
HeaderViewPoint = (headerFields, headerBits);
Frame = record (Format of Media Access frame)
case view: ViewPoint of
fields: (

destinationkield: AddressValue;
sourceField: AddressValue;
lengthField: LengthValue;
dataField: DataValue; -
fesField: CRCValue); _
. bits: (contents: array [1..frameSize] of Bit)
end; {Frame)
Header = record {Format of preamble and start frame dehmlter}
case headerView : HeaderViewPoint of
headerFields : ( :
. preamble : PreambleValue;
sfd : SfdValue);
headerBits : ( ,
headerContents : array [1..headerSize] of Bit)
end; [defines header for MAC frame) -

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

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

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

attemptLimit = ... ; (Max number of times to attempt transmission}
backOffLimit = ... ; ({Limit on number of times to back off}
jamSize = ... ; {in bits: the value depends upon medium and collision

detect implementation}

var :
outgoingFrame: Frame; {(The frame to be transmitted)

outgoingHeader: Header;

currentlransmitBit, lastIransmitBit: I..framesize,

{Positions of current and last outgoing bits in outgoingFrame}

lastHeaderBit: 1..headerSize;

deferrmg Boolean, {Implies any pending transmission must wait for
the medium to clear}

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

4.2.7.3 Receive State Variables. The following items are specific to frame
reception. (See also 4.4.)

var
incomingFrame: Frame; (The frame being received}
currentReceiveBit: 1..frameSize; {Position of current bit in
; incomingFrame}
receiving: Boolean; (Indicates that a frame reception is‘in progress}
excessBits: 0..7; {Count of excess trailing bits beyond ‘octet boundary}
receiveSucceeding: Boolean; {Running indicator of whether reception
is succeeding}
“validLength: Boolean; {Indicator of whether received frame has a
length error)

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

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

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

function ReceiveFrame (
var destinationParam: AddressValue;
var sourceParam: AddressValue;

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

(2) The interface to the Physical Layer, defined in 4.3.3, is summarized in
the following: ,
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var
carrierSense: Boolean; {Indicates incoming bits)
transmitting: Boolean; (Indicates outgoing bits}
wasTransmitting: Boolean; {Indicates transmission in progress or
just completed)
collisionDetect: Boolean; {Indicates medium contention}

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

function ReceiveBit: Bit; {Receives one bit)

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

4.2.7.5 State Variable Initialization. The procedure Initialize must be run
when the MAC sublayer begins operation, before any of the processés begin ex-
ecution. Initialize sets certain crucial shared state variables\to their initial
values. (All other global variables are appropriately reinitialized before each
use.) Initialize then waits for the medium to be idle, and starts operation of the
various processes.

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

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

function TransmitFrame (

destinationParam: AddressValue;

sourceParam: AddressValue;

lengthParam: LengthValue;

dataParam: DataValue): TransmitStatus;
procedure TransmitDataEncap; ... {nested procedure; see body below)
begin '

TransmitDataEncap;
TransmitFrame := TransmitLinkMgmt
end; (TransmitFrame)

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

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

procedure TransmitDataEncap;

begin
with outgoingFrame do
begin (assemble frame)}
view := fields; »
destinationField := destinationParam;
sourceField := sourceParam;
lengthField: = lengthParam;
dataField := ComputePad (lengthparam, dataParam);
fesField := CRC32(outgoingFrame);
view := bits
end {assemble frame)
with outgoingHeader do
begin
headerView: = headerFields;
preamble: = ...; (* 1010...10,” LSB to MSB*}
sfd: = ...; (*“10101011,’ LSB to MSB¥
headerView: = headerBits
end
end; {TransmitDataEncap)

ComputePad appends an array of arbitrafy bits to the LLCdataField to pad
the frame to the minimum frame size.

function ComputePad( -
var lengthParam:LengthValue
var dataParamiDataValue) :DataValue;
begin ;
ComputePad: = {Append an array of size padSize of arbitrary bits to
\ the LLCdataField}
end;{ComputePadParam}

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

function TransmitLinkMgmt: TransmitStatus;

begin
attempts := 0; transmitSucceeding := false;
while(attempts < attemptLimit) and (not transmitSucceeding)do
begin (loop}
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if attempts > 0 then BackOff;

frameWaiting := true;

while deferring do nothing; (defer to passmg frame, if any)
frameWaiting := false;

StartTransmit;

while transmitting do WatchForCollision;

attempts = attempts+1
end; (loop)
if transmitSucceeding then TransmitLinkMgmt := transmitOK
else TransmitLinkMgmt := excessiveCollisionError: .-
end; [TransmitLinkMgmt) '

Each time a frame transmission attempt is initiated, StartTransmit is
called to alert the BitTransmitter process that bit transmission should begin:

procedure StartTransmit;

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

end; {StartTransmit}

Once frame transmission has been initiated, TransmitLinkMgmt moni-
tors the medium for contention by repeatedly calling WatchForCollision:

procedure WatchForCollision;
begin
if transmitSucceeding and colhsmnDetect then
begin
newCollision := true;
transmltSucceedmg false
end ‘
end; [WatchForColhsmn}

WatchForCollision, upon detecting a collision, updates newCollision to en-
sure‘proper jamming by the BitTransmitter process. f
After transmission of the jam has been completed, if TransmitLinkMgmt
determines that another attempt should be made, BackOff is called to schedule

.. .
P
2 e 4V

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

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

then maxBackOff := maxBackOff x 2;

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

function Random (low, high: integer): mteger

begin
Random := ...{umformly distributed random integer r such that
low < r < high)
end; {Random)

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

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

process Deference;
begin
cycle{main loop)
while not carrierSense do nothing; {watch for carrier to appear)
deferring := true; {delay start of néw transmissions)
wasTransmitting:=transmitting;
while carrierSense or transmitting then
wasTransmitting: = wasTransmitting or transmlttmg,
if wasTransmitting do
begin
StartRealTimeDelay; {time out first part interframe gap)
while RealTimeDelay(interFrameSpacingPartl) do nothing
end
else
begin
StartRealTimeDelay;
repeat
while carrierSense do StartRealTimeDelay
until not RealTimeDelay(interFrameSpacingPartl)
end;
StartRealTimeDelay; {time out second part interframe gap} ~
while RealTimeDelay(interFrameSpacingPart2) do nothing;
deferring: = false; {allow new transmissions to proceed)
while frameWaiting do nothing; (allow waiting transmission

ifamy}
end (main loop)
end; {Deference}

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

function RealTimeDelay (usec:real): Boolean;
begin

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

end; {RealTimeDelay}

The BitTransmitter process runs asynchronously, transmitting bits at a
~ rate determined by the Physical Layer’s TransmitBit operationt

process BitTransmitter;
begin
cycle {outer loop)
if transmitting then
begin {inner loop)
PhysicalSignalEncap; {Send preamble and start of frame
delimiter)
while transmitting do
begin
TransmitBit(outgoingFrame[currentTransmitBit]);
(send-next bit to Physical Layer}
if newCollision then StartJam else NextBit
end;
end; {(inner loop)
end; {outer loop}
end; (BitTransmitter)

procedure PhysicalSignalEncap;
- begin : :

while currentTransmitBit < lastHeaderBit do

begin
TransmitBit(outgoingHeader{currentTransmitBit]);

{transmit header one bit at a time}

currentTransmitBit := currentTransmitBit + 1;

end ’

if newCollision then StartJam else

eﬂi‘i‘eﬂ#lh’ﬂﬁs’““’n“ P |
THIvEI— &%

end; {PhysicalSignalEncap)
procedure NextBit;

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

procedure StartJam,;
begin
currentTransmitBit := 1;

lastTransmitBit := jamSize;
newCollision := false
end; (StartJam)

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

4.2.9 Frame Reception. The algorithms in this section define CSMA/CD
Media Access sublayer frame reception:

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

function ReceiveFrame (
var destinationParam: AddressValue;
var sourceParam: AddressValue;
var lengthParam: LengthValue;
var dataParam: DataValue): ReceiveStatus;
function ReceiveDataDecap: ReceiveStatus; ... {nested function;
see body below)
begin
repeat
ReceiveLinkMgmt;
ReceiveFrame := ReceiveDataDecap;
until receiveSucceeding
end; {ReceiveFrame)

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

function ReceiveDataDecap: ReceiveStatus;
begin
receiveSucceeding := RecognizeAddress (incomingFrame,
destinationField);
if receiveSucceeding then with incomingFrame do '
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begin (disassemble frame}
view := fields;
destinationParam := destinationField;
sourceParam := sourceField;
lengthParam: = lengthField;
dataParam := RemovePad (lengthField, dataField);

if fcsField = CRC32 (incomingl'rame) then

begin '
if validLength then ReceiveDataDecap: = receiveOK
else ReceiveDataDecap: = lengthError

end

else -

begin
if excessBits = 0 then ReceiveDataDecap :=
frameCheckError ‘
else ReceiveDataDecap := alignmentError;

end;

view: = bits

end {(disassemble frame}
end; {ReceiveDataDecap)

function RecognizeAddress (address: AddressValue): Boolean;
begin
RecognizeAddress := ... (Returng'true for the set of physical, broadcast,
and ‘multicast-group addresses corresponding
to this station)
end;{RecognizeAddress}

function RemovePad(
var lengthParam:LengthValue
var dataParam:DataValue):DataValue;
begin ;
validkength:={Check to determine if value represented by
lengthParam matches received LLCdataSize};
if validLength then
RemovePad:={truncate the dataParam (when present) to value
represented by lengthParam (in octets)
and return the result}
else
RemovePad:=dataParam
————end—{RemovePad}—

ReceiveLinkMgmt attempts repeatedly to receive the bits of a frame, dis-
carding any fragments from collisions by comparing them to the minimum
valid frame size: :
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procedure ReceiveLinkMgmt;
begin '
repeat
StartReceive;
while receiving do nothing; (wait for frame to finish arriving)
excessBits := frameSize mod 8;

frameSize :=frameSize - excessBits;(truncate to octet boundary}
receiveSucceeding := (frameSize > minFrameSize);
{reject collision fragments)
until receiveSucceeding
end; {ReceiveLinkMgmt}

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

The BitReceiver process runs asynchronously, receiving bits from the
medium at the rate determined by the Physical Layer’s ReceiveBit operatiorni:

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

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

function CRC32 (f: Frame): CRCValue;
begin
CRC32 := {The 32-bit CRC}
——end;{CRG32}

Purely to enhance readability, the following procedure is also defined:
procedure nothing; begin end;

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

4.3 Interfaces to/from Adjacent Layers

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

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

Note that the description of the interfaces in Pascal is a notational tech-
nique, and in no way implies that they can or should be implemented in soft-
ware. This point is discussed more fully in 4.2, that provides complete Pascal
declarations for the'data types used in the remainder of this section. Note also
that the “synchronous” (one frame at a time) nature of the frame transmission
and reception-operations is a property of the architectural interface between the
LLC and MAC sublayers, and need not be reflected in the implementation
interface 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 reception of LLC
frames. The interface through which the LLC sublayer uses the facilities of the
MAC sublayer therefore consists of a pair of functions.

Functions:
TransmitFrame
ReceiveFrame

Each of these functions has the components of a LLC frame as its parameters
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(input or output), and returns a status code as its result. Note that the ser-
vice_class defined in 2.3.1 is ignored by CSMA/CD MAC.
The LLC sublayer transmits a frame by invoking TransmitFrame:

function‘ TransmitFrame (
destinationParam: AddressValue;

sourceParam: AddressValue;
lengthParam: LengthValue;
dataParam: DataValue): TransmitStatus;
The TransmitFrame operation is synchronous. Its duration is the entire
attempt to transmit the frame; when the operation completes, transmission has
either succeeded or failed, as indicated by the resulting status code:

type TransmitStatus = (transmitOK, excessiveCollisionError);

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

The LLC sublayer accepts incoming frames by invoking ReceiveFrame:

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

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

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

Successful reception is indicated by the status code receiveOK. The code
frameCheckError indicates that the frame received was damaged by a trans-
mission) ‘error. The code alignmentError indicates that the frame received
wastdamaged, and that in addition, its length was not an integer number of
octets. The lengthError indicates the lengthParam value was inconsistent
with the frameSize of the received frame,

4.3.3 Services Required from the Physical Layer. The interface through
which the CSMA/CD MAC sublayer uses the facilities of the Physical Layer
consists of a function, a pair of procedures and three Boolean variables.
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Function: Procedures: Variables:
ReceiveBit TransmitBit collisionDetect
Wait carrierSense
transmitting

During transmission, the contents of an outgoing frame are passed from the
MAC sublayer to the Physical Layer by way ol repea

operation:

’ procedure TransmitBit (bitParam: Bit);

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

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

var transmitting: Boolean;

Before sending the first bit of a frame, the'- MAC sublayer sets transmitting to
true, to inform the Physical Media Access that a stream of bits will be pre-
sented via the TransmitBit operation{/After the last bit of the frame has been
presented, the MAC sublayer sets transmlttmg to false to indicate the end of the
frame,.

The presence of a collisionAn-the phys1ca1 medium is 51gnaled to the MAC
sublayer by the variable collisionDetect:

var collisionDetect: Boolean;

The collisionDetéct signal remains true during the duratlon of the colli-
" sion.
NOTE: Since an entire collision may occur during preamble generation, the MAC sublayer

shall handle\this possibility by monitoring colhslonDetect concurrently with its transmission of
outgoing bits. See 4.2 for details.

The colhsmnDetect signal is generated only during transmission and is
never true at any other time; in particular, it cannot be used during frame re-
ception to detect collisions between overlapping transmissions from two or

more other stations.

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

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

: The overall event of data being received is signaled to the MAC sub-layer by
: the variable carrierSense: ‘

var carrierSense: Boolean;

When the Physical Layer sets carrierSense to true, the MAC sublayer) shall
immediately begin retrieving the incoming bits by the ReceiveBit operation.
| When carrierSense subsequently becomes false, the MAC sublayer/can begin

. processing the received bits as a completed frame. Note that the true/false
transitions of carrierSense are not defined to be precisely synchronized with
the beginning and end of the frame, but may precede the beginning and lag the
end, respectively. If an invocation of ReceiveBit is pending when carri-
erSense becomes false, ReceiveBit returns an undefined value, which should
be discarded by the MAC sublayer. (See 4.2 for details?)

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

The Physical Layer also provides the procedure Wait:

procedure Wait (bitTimes: integer);

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

Another important property of the Physical Layer, which is an implicit part
of the interface presented.to the MAC sublayer, is the round-trip propagation
time of the physical medium. Its value represents the maximum time required
for a signal to propagate from one end of the network to the other, and for a
‘ collision to propagate back. The round-trip propagation time is primarily (but

not entirely) a function of the physical size of the network. The round-trip
propagation~time of the Physical Layer is defined in 4.4 for a selection of
physical <media.

4.4 Specific Implementations
4.4.1 Compatibility Overview. To provide total compatibility at all levels of
the standard, it is required that each network component implementing the

- CSMA/CD MAC sublayer procedure adheres rigidly to these specifications.

The information provided in 4.4.2.1 below provides design parameters for a
specific implementation of this access method. Variations from these values
result in a system implementation that violates the standard.
4.4.2 Allowable Implementations
4.4.2.1 Parameterized Values. The following table identifies the param-
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LOCAL AREA NETWORKS:

eter values that shall be used in the 10Mb/s implementation (type 10BASES5) of
a CSMA/CD MAC procedure. The primary assumptions are that the physical
medium is a baseband coaxial cable with properties given in the Physical

Layer section(s) of this standard.

Parameters Values

slotTime 512 bit times
interFrameGap 9.6 us
attemptLimit 16

backoffLimit 10

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

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

4.4.2.2 Parameterized Values. (Other implementations under considera-

tion.)
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5. Network Management

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

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

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

6The claboration of management fiinctions is under active consideration.
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6. PLS Service Specifications

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

6.2 Overview of the Service

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

6.2.2 Model Used for the Service Specification: The model used in this ser-
vice specification is identical to that used in 1.2:2.1,

6.2.3 Overview of Interactions. 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 significance and support sublayer-to-
sublayer interactions

The following primitives are grouped into these two categories:

b Peer-to-Peer Y
PLS_DATA. reqizest ‘
PLS_DATA.indication

(2) Sublayer-to-Sublayer .
PLS_CARRIER.indication |
PLS_SIGNAL.indication

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

NOTE: This also means that all bits transferred from a given MAC sublayer entity will in turn be

1£
CILe

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

6.2.4 Basic Services and Options. All of the service primitives described in
this section are considered mandatory.
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Fig6-1
Service Specification Relationship to the LAN Model

6.3 Detailed Service Specification

6.3.1 Peer-to-Peer Service Primitives
6.3.1.1 PLS_DATA.request
6.3.1.1.1 Function. This primitive defines the transfer of data from the
MAC sublayer to the local PLS entity.
6.3.1.1.2 Semantics of the Service Primitive. The primitive shall pro-
vide the following parameters:

PLS_DATA. request (OUTPUT_UNIT)

Theé OUTPUT_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 sublayer

has no more data to output

sublayer to request the transm1ss1on of a single data b1t on the phys1ca1

medium or to stop transmission.
6.3.1.1.4 Effect of Receipt. The receipt of this pr1m1t1ve will cause the
PLS entity to encode and transmit either a single data bit or to cease

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

» * 4 IALDLIITL ITIALLIN
—PLES_DATAImdicate XINPUT-UNIT)

The INPUT _UNIT parameter can take one of two values each representing
a single bit: ONE or ZERO.
6.3.1.2.3 When Generated. The PLS_DATA.indicate is generated to-all
MAC sublayer entities in the network after a PLS_DATA request is issued.

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

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

MAC sublayer is unspecified.
6.3.2 Sublayer-to-Sublayer Service Primitives
6.3.2.1 PLS_CARRIER.indicate ‘

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

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

PLS_CARRIER.indicate (CARRIER_STATUS)

The CARRIER_STATUS parameter (can take one of two values: CAR-
RIER_ON or CARRIER_OFF. The CARRIER_ON value indicates that the
DTE Physical Layer had received an input message or a sig-
nal_quality_error message from the MAU. The CARRIER_OFF value indi-
cates that the DTE Physical Layer had received an input_idle message and is
not receiving an SQE signal_quality_error message from the MAU.

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

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

6.3.2.2 PLS_SIGNAL.indicate

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

6.3.2.2.2 Semantics of the Service Primitive. The semantics of the ser-
vice-primitive are as follows:

PLS_SIGNAL.indicate (SIGNAL_STATUS)

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

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

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

Fig 7-1

Physical Layer Partitioning; Relationship
to OSIReference Model :
, os! LAN
REFERENCE MODEL CSMA/CD
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This interface has the following characteristics:

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

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

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

7.1.1 Definitions

Attachment Unit Interface, AU Interface, AUL In a local area network, the
interface between the medium attachment unit and the data terminal-equip-
ment within a data station.

NOTE: The AUI carries encoded control and data signals between the DTEs PLS sublayer and the
MAUSs PMA sublayer and provides for duplex data transmission.

BR. The rate of data throughput (bit rate) on the medium in bité per second.
bit time. The duration of one bit symbol (1/BR).

circuit. The physical medium on which signals“are carried across the AUIL
The data and control circuits consist of an A circuit and a B circuit forming a
balanced transmission system so that the signal carried on the B circuit is the
inverse of the signal carried on the A circuit.

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

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

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

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

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

7.1.2 Summary of Major Concepts

(1) Each direction of data transfer is serviced with two (making a total of
four) balanced circuits: “Data” and “Control.”

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

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

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

(1) Provide the DTE with media independence for baseband coax, broadband
coax, and baseband fiber media so that identical PLS, MAC and LLC may be
used with any of these media.

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

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

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

When the interface is in the optional monitor mode, the MAUs transmitter
is logically isolated from the medium..The MAU, in this mode, functions as
an observer on the medium. Both the input function and the signal quality er-
ror function are operational (see the-MAU state diagrams for specific details).

7.1.5 Allocation of Function. The allocation of functions in the AUI is such
that the majority of the functionality required by the interface can be provided
by the DTE, leaving the MAU as simple as possible. This division of functions
is based upon the recognition of the fact that since, in many cases, the MAU

may be located in d@n)inaccessible location adjacent to the physical medium,

service of the MAU)may often be difficult and expensive.

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

Many of the terms used in this section are specific to the interface between
this sublayer and the MAC sublayer. These terms are defined in the Service

Specification for the PLS sublayer.

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

CONTROL. QUT A_I[\ ISOLATE

CONTROL IN SIGNAL
QUALITY

DATA IN . |

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

Fig71-2
“Generalized MAU Model
- Message _Meaning
oultput ' Output information
output_idle No data to be output
normal -y~ Cease to isolate the MAU
(Optional)
isolate Isolate MAU :
mau_request Request that the MAU be made available

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

Thé physical realization of the output message is a CD0 or a CD1 sent by the
DTE to the MAU on the Data Out circuit. The DTE sends a CDO if the OUT-
PUT _UNIT is a ZERO or a CD1 if the OUTPUT UNIT is a ONE. This mes-
sage is time coded—that is, once this message has been sent, the function is not
completed dver the AUI until one bit time later. The output message cannot be

sent again until the bit cell being sent as a result of sending the previous output
message is complete.

7.2.1.1.2 output_idle Message. The PLS sublayer sends an output.. ldle
message to the PMA sublayer at all times when the MAC sublayer is not in the
process of transferring output data across the MAC to PLS interface. The out-
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put_idle message is no longer sent (and the first OUTPUT_UNIT is sent us-
ing the output message) as soon after the arrival of the first OUTPUT_UNIT
as the MAU can be made available for data output. The output_idle message is
again sent to the MAU when the DATA_COMPLETE is received from the
MAC sublayer. The detailed usage of the output_idle message is shown in Fig
7-5.

The physical realization of the output idie message 1s IDL sent by the DTk to

the MAU on the Data Out circuit.

7.2.1.1.3 normal Message. The PLS sublayer sends a normal message
to the PMA sublayer after it receives the PLS start message from the PLS Reset
and Identify Function. The normal message is also sent after receipt(of RE-
SET_MONITOR_MODE from the management entity. The normal,message
is sent continuously by the PLS sublayer to the MAU, unless the PLS Output
Function requires that the mau_request message be sent to permit data output.
If mau_request is sent during data output, the sending of normal will be re-
sumed when the PLS Output Function returns to the IDLE-state. The normal
signal is reset by the SET_MONITOR_MODE (this reset function is described
more fully by Fig 7-4).

7.2.1.1.4 isolate Message (Optional). The PLS‘sublayer sends an isolate
message to the PMA (in the MAU) whenever.the PLS sublayer receives
SET_MONITOR_MODE from the management entity. In response to the iso-
late message, the MAU causes the means.émployed to impress data on the
physical medium to be positively prevented from affecting the medium. Since
signaling and isolation techniques differ’from medium to medium, the man-
ner in which this positive isolation of the transmitting means is accomplished
is-specified in the appropriate MAU section. However, the intent of this positive
isolation of the transmitter is to ensure that the MAU will not interfere with the
physical medium in such a(way as to affect transmissions of other stations
even in the event that the means normally employed to prevent the transmitter
from affecting the medium have failed to do so. The specification of positive
isolation is not to be-construed to preclude use of either active or passive de-
vices to accomplish this function.

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

DTE to the MAU-over the Control Out circuit. -

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

face. See Figs 7.3, 7.5, and 7.9 for details

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

The physical realization of mau_request is a CS1 sent by the DTE to the
MAU on the Control Qut circuit.
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\V——PowerOn + RESET_REQUEST

........... INlTlAUZE DTE has CO * ldentify IDENTIFY2
® pls_reset ® isolate
DTE has CO * Identify mau_available
IDENTIFY 1
.................................... mau_not__avqiloble mqu_not_ava“able
® normal
mau_available CONDITIONED MAU
' ‘ O WITH ISOLATE
® pls_start
UNCONDITIONED or , HALT (See Fig 7-9)
.'".S"]Mf.[_:E‘.M.AE} .................... s 0Q [Operotion Condiﬂoned]
® pls_start [incompatiblel
(See Fig 8~3)
(See Fig 8-2)

[Operation Simplel

IDENTIFY 3

. . "
timer_done * mau_.available ® mau_request

mau_not_.available

V (start timerl \|/

SIMPLE MAU UNCONDITIONED MAU
.................................... WITH ISOLATE
. pls—stort .....................................

(See Fig.8=3) ® pls_start
[Operation-Simplel (See Fig 8-3)
‘ OPERATE [Operation Isolatel
.pls_start ..................
identify :

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

mentation of the function

Fig7-3
PLS Reset and Identify Function
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RESET 1 pls_reset
® normal
pla—start
NORMAL
® normal

SET._. [ MONITOR_MOD

RESET_MONITOR_.MODE

MONITOR

® jsolate

NOTE: Monitor State is optional

Figl4
PLS Mode Function

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

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

Message Meaning

input Input information

input_idle No input information

signal_quality_error Error detected by MAT

mau_available MAU is available for output
(Optional)

mau_not_available MAU is not available for output
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RESET
e output_idle
pls_reset | . MAU REQUEST ...
pls_start e mau_request ;
\by OQUTPUT_UNIT * mau_not_available | ¢ output_idle
IDLE - [set request..flagl

output_id|
¢ Pu © mau_available

[clear oUtput_ mau_not_available
in_process]

fclear request_flagl |OUTPUT_UNIT « mau_available

/l\ START
ucT : ——— ke
: ®_mau_.request
OUTPUT ABORT ' if :
.................... tesesissneaienss mau_not (If requeSt—ﬂag)
o output_idle _available | ([set output..
in_processl
® QUTPUT_ABORT [set_transmitting._flagl
mau_not_available uerp v output;done
MAU CLEAR cevireerenis OTRUT i
e output_idle } ® output
fresume Mode Function , ’ ° mau_.request
c?ntrol of control out (if request_flag)
signall -
: output_.done
[clear request_flagl OUTPUT..UNIT |
\ | ‘ FETCH BIT
‘ e BRI NEE T
* request_.flag * DATA_COMPLETE -
mou..available equest._.flag ® mau_request
- (if request_flag)
@ output

request_flag * DATA_COMPLETE |

NOTE: UCT = unconditional transition

Fig 76
PLS Output Function
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7.2.1.2.1 input Message. The PMA sublayer sends an input message to
the PLS sublayer when the MAU has received a bit from the medium and is
prepared to transfer this bit to the DTE, The actual mapping of the signals on
the medium to the type of input message to be sent to the DTE is contained in the
specifications for each specific MAU type. In general, when the sig-
nal_quality_error message is being sent by the MAU, the symmetry specifi-

cations for circuit DI are not guaranteed to be met.

The physical realization of the input message consists of CDO or CD1 wave-
forms. If the signal_quality_error message is being sent from the MAU, the
input waveform is unpredictable.

NOTE: This signal is not necessarily retimed by the MAU. Consult the appropriate MAU speci-
fication for timing and jitter.

7.2.1.2.2 input _idle Message. The PMA sublayer sends an ‘input_idle
message to the PLS sublayer when the MAU does not have data to send to the
DTE. ‘
The physical realization of the input_idle message is an IDL sent by the
MAU to the DTE on the Data In circuit.
7.2.1.2.3 signal_quality_error Message. The PMA sublayer sends a
signal_quality_error message to the PLS sublayeriin response to any of three
possible conditions. These conditions are improper signals on the medium,
collision on the medium, and reception of the Qutput_idle message. They are
described in the following numbered paragraphs. The physical realization of
“the signal_quality_error message is a CS0'sent by the MAU to the DTE on the
Control In circuit.
NOTE: The MAU is required to assert the signal_quality _error message at the appropriate times

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

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

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

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

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

(L)
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output. The mau_available message is always sent by a MAU that is always
prepared to output data except when it is required to signal the sig-
nal_quality_error message. Such a MAU does not require mau_request to
prepare itself for data output. See Figs 7-3, 7-5, and 7-9 for details.

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

2.1.2.5 mau_noi_available VMeéssage . The ab-
layer sends a mau_not_available message to the PLS sublayer when the MAU
is not available for output. Figure 7-5 shows the relationship-/of
mau_not_available to the Output Function.

The mau_not_available message is also used by a MAU that contains the
Isolate Function and does not need to be conditioned for output to.signal the
presence of the Isolate Function during the PLS Reset Functioni\(see Fig 7-3
and 8-3).

The physical realization of the mau_not_available messageis a CS1 sent by
the MAU to the DTE on the Control In circuit.

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

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

Message Meaning

OUTPUT_UNIT Data.sent to the MAU
OUTPUT_STATUS Response to OUTPUT_UNIT
INPUT_UNIT Data received from the MAU
CARRIER_STATUS Indication of input activity
SIGNAL_STATUS Indication of error/no error condition

7.2.2.1.1 OUTPUT_UNIT. The MAC sublayer sends the PLS sublayer
an OUTPUT_UNIT évery time the MAC sublayer has a bit to send. Once the
MAC sublayerhas sent an QUTPUT_UNIT to the PLS sublayer, it may not
send another OUTPUT_UNIT until it has received an OUTPUT_STATUS
message from the PLS sublayer. The OUTPUT_UNIT is a ONE if the MAC
sublayerwants the PLS sublayer to send a CD1 to the PMA sublayer, a ZERO if
a CDQs desired, or a DATA_COMPLETE if an IDL is desired.

7.2.2.1.2 OUTPUT_STATUS. The PLS sublayer sends the MAC sub-
layer OUTPUT_STATUS in response to every OUTPUT_UNIT received by
the PLS sublayer. OUTPUT_STATUS sent is an OUTPUT_NEXT if the PLS
sublayer is ready to accept the next OUTPUT_UNIT from the MAC sublayer,

or an OUTPUT_ABORT if the PLS sublayer was not able to process the previ-
ous OUTPUT _UNIT. (The purpose of OUTPUT_STATUS is to synchronize
the MAC sublayer data output with the data rate of the physical medium.)
7.2.2.1.8 INPUT_UNIT. The PLS Sublayer sends the MAC sublayer an
INPUT_UNIT every time the PLS receives an input message from the PMA
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sublayer. The INPUT_UNIT is a ONE if the PLS sublayer receives a CD1
from the PMA sublayer, a ZERO if the PLS sublayer receives a CDO from the
PMA sublayer.

7.2.2.1.4 CARRIER_STATUS. The PLS sublayer sends the MAC sub-
layer CARRIER_STATUS whenever the PLS sublayer detects a change in
carrier status. The PLS sublayer sends CARRIER_ON when it receives an

input or signal_qualily_error message irom the PMA and the previous
CARRIER_STATUS that the PLS sublayer sent to the MAC sublayer was
CARRIER_OFF. The PLS sublayer sends CARRIER_OFF when it receives
an input_idle from the PMA sublayer, no signal_quality_error (either
mau_available or mau_not_available) message and the previous)CAR-
RIER_STATUS that the PLS sublayer sent to the MAC sublayer was CAR-
RIER_ON.
7.2.2,1.5 SIGNAL_STATUS. The PLS sublayer sends the MAC sub-

layer SIGNAL_STATUS whenever the PLS sublayer detects ‘@change in the
signal quality (as reported by the PMA). The PLS sublayer sends SIG-
NAL_ERROR when it receives a signal_quality_error message from the
PMA sublayer and the previous SIGNAL_STATUS th¢ PLS sublayer sent was
NO_SIGNAL_ERROR. The PLS sublayer sends NO_SIGNAL_ERROR when
it receives no signal_quality_error (either mau_available or
mau_not_available) message from the PMA“sublayer and the previous
CARRIER_STATUS that the PLS sent to-the MAC sublayer was SIG-
NAL_ERROR.

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

Message Meaning

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

SQE_TEST Signal Quality Error test results

, 7.2.2:2.Y RESET_REQUEST. The management entity sends the PLS
sublayer/RESET_REQUEST when the PLS sublayer needs to be reset to a
known state. Upon receipt of RESET_REQUEST, the PLS sublayer resets all
internal logic and restarts all functions. See Fig 7-3 for details.

7.2.2.2.2 RESET_RESPONSE. The PLS sublayer sends the manage-
ment entity RESET_RESPONSE upon completion of the Reset and Identify

RESET_REQUEST. Which RESET_RESPONSE was sent is determined by
the Reset and Identify Function. A RESET _RESPONSE of OPERATION
SIMPLE, OPERATION ISOLATE, or OPERATION CONDITIONED is sent if
the MAU is compatible with the DTE and the MAU is simple (no isolate) or if
the DTE does not support Isolate even if Isolate is supported by the MAU, sup-
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ports Isolate but does not require conditioning, or supports Isolate and does re-
quire conditioning to output. A RESET_RESPONSE of INCOMPATIBLE is
sent if the MAU is not compatible with the DTE (that is, the MAU requires con-
ditioning but the DTE does not support conditioning). ‘ '
7.2.2.2.3 MODE_CONTROL. The management entity sends
MODE_CONTROL to the PLS sublayer to control PLS functions.

MODE_CONTROL capabilities are

Message Meaning

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

7.2.2.2.4 SQE_TEST. The PLS sublayer sends SQE.TEST to the man-
agement entity at the conclusion of each signal_quality_error test (see Output
Function, 7.2.4.3). The PLS sublayer sends SQE_TEST_ERROR if the sig-
nal_quality_error test fails or SQE_TEST_OK if.the signal_quality_error
test passes. ‘ , RET
7.2.8 Frame Structure. Frames transmitted on the AUI shall have the fol-
lowing structure:

<silence><preamble><sfd><data><étd><silence>
The frame elements shall have the following characteristics:

Element  Characteristics

<silence> = no transitions ‘

<preamble> = altérnating (CD1) and (CDO) | 56 bit times (ending in CD0)
<sfd> =-(CD1)CDO)YCD1)CDO)XCD1XCD0)CD1XCD1)

<data> =8xN

<etd> = IDL

7.2.31)Silence. The <silence> delimiter provides an observation window
for an ‘unspecified period of time during which no transitions occur on the
AUIThe minimum length of this period is specified by the access procedure.

7.2.3.2 Preamble. The <preamble> delimiter begins a frame transmis-
sion and provides a signal for receiver synchronization. The signal shall be
an alternating pattern of (CD1) and (CDO). This pattern shall be transmitted

on th ;
the beginning of each frame. The last bit of the preamble (that is, the final bit
of preamble before the start of frame delimiter) shall be a CDO.

The DTE is required to supply at least 56 bits of preamble in order to satisfy
system requirements. System components consume preamble bits in order to
perform their functions. The number of preamble bits sourced ensures an ad-
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equate number of bits are provided to each system component to correctly im-
~ plement its function.

7.2.3.3 Start of Frame Delimiter (SFD). The <sfd> indicates the start of a
frame, and follows the preamble. The <sfd> element of a frame shall be

(CD1X(CDOXCD1)XCDO0XCD1)XCD0)CD1)CD1)

7.2.3.4 Data. The <data> in a transmission shall be in multiples of eight
(8) encoded data bits (CDOs and CD1s).

7.2.3.5 End of Transmission Delimiter. The <etd> delimiter indicates
the end of a transmission and serves to turn off the transmitter. The sighal
shall be an IDL.

7.2.4 PLS Functions. The PLS sublayer functions consist of a)Reset and
Identify Function and five simultaneous and asynchronous functions. These
functions are Output, Input, Mode, Error Sense, and Carrier.Sense. All of the
five functions are started immediately following the completion of the Reset
and Identify Function.

These functions are depicted in the state diagrams shown in Figs 7-3, 7-4, 7-
5, 7-6, 7-7, and 7-8 using the notation described in 1.2.1.

"7.2.4.1 Reset and Identify Function, The Reset and Identify Functlon is
executed any time either of two conditions occur. These two conditions are
“power on” and the receipt of RESET_REQUEST from the management en-
tity. The Reset and Identify Function initializes all PLS functions, and
(optionally) determines the capability of the MAU attached to the AUI. Figure
7-3 is the state diagram of the Reset and Identify Function. The Identify por-
tion of the function is optional.

7.2.4.2 Mode Function. The/ MAU functions in two modes: normal and
monitor. The monitor mode is:optional. The state diagram of Fig 7-4 depicts
the operation of the Mode Function. When the MAU is operating in the normal
mode, it functions as a_direct connection between the DTE and the medium.
Data sent from the DTE are impressed onto the medium by the MAU and all
data appearing on the medium are sent to the DTE by the MAU. When the
MAU is operating in the monitor mode, data appearing on the medium is sent
to the DTE by ‘the MAU as during the normal mode. signal_quality_error is
also asserted-on the AUI as during operation in the normal mode. However, in
the monitor’ mode, the means employed to impress data on the physical
medium,is positively prevented from affecting the medium. Since signaling
and.isolation techniques differ from medium to medium, the manner in
which this positive isolation of the transmitting means is accomplished is
specified in the appropriate MAU document. However, the intent of this posi-
tive isolation of the transmitter is to ensure that the MAU will not interfere

with the physical medium in such a way as to affect transmission of other

stations even in the event of failure of the normal transmitter disabling con-

trol paths within the transmlttmg mechanism of the MAU. ,

- The monitor mode is intended to peérmit a network station to determine if it
is the source of interference observed on the medium,
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Fig 7-6

PLS Input Function
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® SIGNAL_ERROR

NOTE: UCT= unconditional transition

Fig 7-7
PLS Error Sense Function

NOTE: The monitor mode is intended to be used only'by Network Management for fault isolation
and network operation verification. It is intended'that the isolate message provide direct control
over the mode function so that these tasks can be performed. IMPROPER USE OF THE ISOLATE
FUNCTION CAN CAUSE ERRONEOUS FRAMES. Section 5, Network Management, will provide
details on the proper use of this function.

7.2.4.8 Output Function. The PLS sublayer Output Function transparently
performs the tasks of conditioning the MAU for output and data transfer from
the MAC sublayer to the MAU. The state diagram of Fig 7-5 depicts the Output
Function operation.

At the conclusion{of the Qutput Function, if a collision has not occurred, a
test is performed to verify operation of the signal quality detection mechanism
in the MAU and to verify the ability of the AUI to pass the signal_quality_error
message to.the PLS sublayer. The operation of this test in the DTE is shown in
Fig 7-8. :
7.2:4.4 Input Function. The PLS sublayer Input Function transparently
performs the task of data transfer from the MAU to the MAC sublayer. The
state diagram of Fig 7-6 depicts the Input Function operation.

7.2.4.56 Error Sense Function. The PLS sublayer Error Sense Function
performs the task of sending SIGNAL_STATUS to the MAC sublayer when-

ever there is a change in the signal quality information received from the
MAU. The state diagram of Fig 7-7 depicts the Error Sense Function opera-

tion,
7.2.4.8 Carrier Sense Function. The PLS sublayer Carrier Sense Func-

tion performs the task of sending CARRIER_STATUS to the MAC sublayer

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

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

(1) At the conclusion of the output function, the DTE opens a time window
during which it expects to see the signal_quality_error signal asserted on the

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

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

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

NOTES:

(1) The occurrence of multiple (overlapping) transmitters on the medmm during the time that
the test window is open, as specified above, will gatisfy the test and will venfy proper operation of
the signal quality error detecting mechanism and sending and: receiving of the appropriate
physical error message.

(2) If signal_quality_error exists at the-DTE before CARRIER_OFF occurs, then the Collision

Presence test sequence within the PLS as described in 7.2.4.3 above shall be aborted as shown in
Fig 7-8.

7.3 Signal Characteristics
7.3.1 Signal Encoeding. Two different signal encoding mechanisms may be
used by the AUI Oneof the mechanisms is used to encode data, the other to en-
code control.
7.3.1.1 Data Encoding. Manchester encodmg is used for the transmission
of data acress the AUI. Manchester encoding is a binary signaling mecha-
nism that.combines data and clock into “bit-symbols.” Each bit-symbol is split
into two halves with the second half containing the binary inverse of the first
half; a transition always occurs in the middle of each bit-symbol. During the
first half of the bit-symbol, the encoded signal is the logical complement of the
bit value being encoded. During the second half of the bit-symbol, the encoded
signal is the uncomplemented value of the bit being encoded. Thus, a CDO0 is

encoded as a bif-symbol in which the first half is HI and the second half is LO.
A CD1 is encoded as a bit-symbol in which the first half is LO and the second
half is HI. Examples of Manchester waveforms are shown in Fig 7-10.

The line condition IDL is also used as an encoded signal. An IDL always
starts with a HI signal level. Since IDL always starts with a HI signal, an ad-
ditional transition will be added to the data stream if the last bit sent was a
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Fig 7-9

Interface Function for MAU with Conditioning
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89



https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530

ISO 8802-3 : 1989
ANSVIEEE Std 802.3-1988 k LOCAL AREA NETWORKS:

ONE BIT PERIOD

o~

____9| |<____.
I | I I I I I
ENCODED. WAVEFORM — CONSTANT "CDO"
RS N EEEE R I S I D I I RV PR B
ENCODED WAVEFORM — CONSTANT “CDi"
] I [ I |
11 o | 't b e 1t | o |CA

ENCODED WAVEFORM — RANDOM DATA

Fig7-10
Examples of Manchester Waveforms

zero. This transition cannot:be,confused with clocked data (CDO or CD1) since
the transition will occur at the start of a bit cell. There will be no transition in
the middle of the bit cell. The IDL condition, as sent by a driver, shall be
maintained for a minimum of 2 bit times. The IDL condition shall be detected
within 1.6 bit times'at the receiving device.

(1) System jitter/considerations make detection of IDL (etd, end transmis-
sion delimiter) earlier than 1.3 bit times impractical. The specific
implementation of the phase-locked loop or equivalent clock recovery
mechaniS§m~determines the lower bound on the actual IDL detection time.
Adequate margin between lower bound and 1.6 bit times should be considered.

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

7. 3 1. 2 Control Encodmg. A s1mp1er encodmg mechanism is used for
control signaling than for data signaling. The encoded symbols used in this
signaling mechanism are CS0, CS1, and IDL. The CS0 signal is a signal
stream of frequency equal to the bit rate (BR). The CS1 signal is a signal
stream of frequency equal to half of the bit rate (BR/2). If the interface supports
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more then one bit rate (see 4.2), the bit rate in use on the data circuits is the one
to which the control signals are referenced. The IDL signal used on the control
circuits is the same as the IDL signal defined for the data circuits (see 7.3.1.1).
The Control Out circuit is optional (O) as is one message on Control In. The
tolerance on CO is BR + 5% and on CI it is BR * 15%. The nominal duty cycle
__is 50/50 and shall be no worse than 60/40.
The meaning of the signals on the Control Out circuit (DTE to MAU) are:

Signal Message Description

IDL normal Instructs the MAU to enter (remain in)
normal mode

Cs1 mau_request (0) Requests that the MAU should be
made available

CSo isolate (O) Instructs the MAU to enter (remain in)

monitor mode

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

Signal _ Message Description

IDL mau_available Indicates that the MAU is ready to
output data

Cs1 mau_not_available (O) Indicates that the MAU is not ready to
output data ;

€S0 signal_quality_error Indicates that the MAU has detected

an error on input data

7.3.2 Signaling Rate. Signaling rates of from 1 to 20 Mb/s are encompassed
by this standard. This edition of the standard specifies a signaling rate of 10
million bits per second £0:01%.

It is intended that-a'given MDI operate ‘at a single data rate. It is not pre-
cluded that specifiec. DTE and MAU designs be manually switched or set to al-
ternate rates. A-given local network shall operate at a single signaling rate.
To facilitate the configuration of operational systems, DTE and MAU devices
shall be labéled with the actual signaling rate used with that device._

7.3.3 Signaling Levels. Exact voltage and current specifications are listed
in 7.4¢

7.4 Electrical Characteristics. Terms BR and BR/2 have very specific
meaning as used in this subsection. The term BR is used to mean the bit rate of

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

7.4.1 Driver Characteristics. The driver is a differential driver capable of
driving the specified 78 Q interface cable. Only the parameters necessary to
ensure compatibility with the specified receiver and to assure personnel safety

at the interface connector are specified in the following sections.

7.4.1.1 Differential Output Voltage, Loaded. Drivers shall meet all re-
quirements of this section under two basic sets of test conditions (that is, each
of two resistive values). For drivers located within a DTE, a combinéd ‘in-
ductive load of 27 pH + 1% and either a 73 or 83 Q + 1% resistive load shall be
used. For a driver located within a MAU, a combined inductive load of 50 pH +
1% and either 73 or 83 Q * 1% resistive load shall be used.

The differential output voltage, Vam, is alternately positive and negative in
magnitude with respect to zero voltage. The value of Vyn, intoeither of the two
test loads identified above(R = 73 Q or 83 Q + 1%) at the interface connector of
the driving unit shall satisfy the conditions defined by values Vi, Vg, and V3
shown in Fig 7-11 for signals in between BR and BR/2 meeting the frequency
and duty cycle tolerances specified for the signal being driven. The procedure
for measuring and applying the test condition is'as follows:

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

(2) Calculate V7 and V3.

(3) V1 shall be < 1315 mV, Vg shall'be > 450 mV.

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

The differential output voltage magnitude, Vam, into either of the two test
loads identified above, at the interface connector of the driving unit during the
idle state shall be within 40 mV of 0 V. The current into either of the two test
loads shall be limited.to.4 mA.

When a driver, connected to the appropriate two test loads identified above,
enters the idle state, it shall maintain a minimum differential output voltage
of at least 0.7.Xx V2 mV for at least 2 bit times after the last low to high transi-
tion. The driver differential output voltage shall then approach within 40 mV
of 0 V within 80 bit times. In addition, the current into the appropriate test load
shall bé.limited in magnitude to 4 mA within 80 bit times. Undershoot, if any,
upon'reaching 0 V shall be limited to =100 mV. See Fig 7-12.

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

The receiving unit shall take precautions to ensure that a HI to idle transi-

tion is not falsely interpreted as an idle to nonidle transition, even in the
presence of signal droop due to ac coupling in the interface driver or receiver
circuits.

7.4.1.2 Requirements After Idle. When the driver becomes nonidle after a
period of idle on the interface circuit, the differential output voltage at the in
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Fig 7-11
Differential Output Voltage, Loaded
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Fig 7-12
Generalized Driver Waveforms

terface connector shall meet the requirements of 7.4.1.1 beginning with the
first bit transmitted. The first transition may occur asynchronously with re-
spect to the timing of the following transitions.

7.4.1.3 AC.Common-Mode OQutput Voltage. The magnitude of the ac com-
ponent of the common-mode output voltage of the driver, measured between the
midpoint of a test load consisting of a pair of matched 39 Q + 1% resistors and
circuit-VC, as shown in Fig 7-13, shall not exceed 40 mV peak.

7.4.1.4 Differential Output Voltage, Open Circuit. The differential output
voltage into an open circuit, measured at the interface connector of the driving
unit, shall not exceed 13 V peak. , \
7.4.1.5 DC Common-Mode Output Voltage. The magnitude of the dc com-

ponent of the common-mode output voltage of the driver, measured between the
midpoint of a test load consisting of a pair of matched 39 Q * 1% resistors and
circuit-VC, as shown in Fig 7-13, shall not exceed 5.5 V.

- 7.4.1.6 Fault Tolerance. Any single driver in the interface, when idle or
driving any permissible signal, shall tolerate the application of each of the

M
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Common-Mode Output Voltage

\

faults specified by the switch settings in Fig 7-14 indefinitely; and after the
fault condition is removed, the operation of the driver, according to the
specifications of 7.4.1.1 through 7.4.1.5, shall not be impaired.

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

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

7.4.2.1 Recéiver Threshold Levels. When the receiving interface circuit
at the interface connector of the receiving equipment is driven by a differen-
“tial input gignal at either BR or BR/2 meeting the frequency and daty cycle
tolerances specified for the receiving circuit, when the A lead is 160 mV posi-
tive with respect to the B lead, the interface circuit is in the HI state, and when -
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. :

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

7.4.2.2 AC Differential Input Impedance. The ac differential input
impedance for AUI receivers located in MAUs shall have a real part of 77.83 Q
+ 6%, with the sign of the imaginary part positive, and the phase angle of the
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Fig7-14
Driver Fault Conditions

impedance in degrees less than or equal.to-0.0338 times the real part of the
impedance, when measured with a 10 MHz sine wave.

The ac differential input impedance for AUI receivers located in the DTE
shall have a real part of 77.95 Q £ 6%, with the sign of the imaginary part posi-
tive, and the phase angle of thé.impedance in degrees less than or equal to
0.0183 times the real part of the'impedance, when measured with a 10 MHz sine
wave, “

A 78 Q * 6% resistor in parallel with an inductance of greater than 27 pH or
50 uH for receivers in.the MAU and DTE respectively, satisfies this require-
ment.

7.4.2.3 AC Common-Mode Range. When the receiving interface circuit at
‘the receiving-equipment is driven by a differential input signal at either BR
or BR/2 meeting the frequency and duty cycle tolerances specified for the cir-
cuit being driven, the receiver output shall assume the proper output state as
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 kHz referenced to circuit VC in magnitude
from’'0 to 3 V, or in magnitude 0 to 100 mV for ac voltages of from 40 kHz to BR
as shown in Fig 7-15.

NOTE: The receiver shall also be able to reject small ac common-mode signals in frequencies

7.4.2.4 Total Common-Mode Range. When the receiving interface circuit
at the receiving equipment is driven by a differential input signal at either BR
or BR/2 meeting the frequency and duty cycle tolerances specified for the cir-
cuit being driven, the receiver output shall assume the intended output state as
specified in 7.4.2.1 in the presence of a total common-mode voltage, dc plus ac,

9
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Fig 7-15
Common-Mode Input Test

referenced to circuit VC in magnitude from 0 to 5.5 V, as shown in the test setup
of Fig 7-15. The ac component shall not exceed the requiréements of 7.4.2.3.

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

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

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

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

7.4.3 AUI Cable Characteristics. The interface cable consists of individu-
ally shielded twisted pairs of wires with an overall shield covering these
individual shielded wire pairs. These shields must provide sufficient
shielding to-meet the requirements of protection against rf interference and
the following cable parameters. Individual shields for each signal pair are
electrically isolated from the outer shield but not necessarily from each other.

The overall shield shall be returned to the MAU and DTE Units via the AUI
connhector shell as defined in 7.6.2 and 7.6.3. If a common drain wire is used
for all the signal pair shields, then it shall be connected to pin 4. Individual

drain wire returns for each signal pair may be used (see 7.6.3). It is recom-
mended that individual drain wires be used on all control and data circuit
shields to meet satisfactory crosstalk levels. If individual drain wires are
used, they shall be interconnected within the AUI cable at each end and shall
be connected at least to pin 4 at each end of the cable.

97



https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530

ISO 8802-3 : 1989 ‘
ANSI/IEEE Std 802.3-1988 ' LOCAL AREA NETWORKS:

FAULT SWITCH SFETTINGS

_‘C/ COND%TION 'LEA1D A LEAI1D B

- I WS B RN
N G N
W OGS D

Aow N
<
(@]

16 VOLTS ‘—T—‘ ’

Fig 7-16
Receiver Fault Conditions

The presence of the Control Out signal pair is optional. If driver or receiver
circuit components for CO are not provided, consideration should be given to
" properly terminating the CO signal pair within the DTE and MAU to preclude
erroneous operation.
7.4.3.1 Conductor Size. The dc power pair in the interconnecting cable,
voltage common and voltage minus, shall be composed of a twisted pair of
sufficient gauge stranded wires to result in a nominal dc resistance not to ex-
ceed 1.75 Q per conductor.
Conductor size (for the signal pairs shall be determined according to the ac
related parameters in 7.4.3.2-7.4.3.6.
7.4.3.2 Pair-to-Pair Balanced Crosstalk. The balanced crosstalk from
one pair of-Wires to any other pair in the same cable sheath (when each pair is
drivenper 7.4.1.1-7.4.1.5) shall have a minimum value of 40 dB of attenua-
tion measured over the range of BR/2 to BR.
7.4.3.3 Differential Characteristic Impedance. The differential charac- -
teristic impedance for all pairs shall be equal within 3 Q and shall be 78 5 Q
measured at a frequency of BR.
. 7.4.34 Transfer Impedance

(1) The ‘common-mode transfer xmpedance shall not exceed the values
shown in Fig 7-17 over the indicated frequency range.
(2) The " differential mode transfer impedance for all pairs shall be at
least 20 dB below the common-mode transfer impedance.
7.4.3.5 Attenuation. Total cable attenuation levels between driver and re-
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Fig 7-17
Common-Mode Transfer Impedance

ceiver (at separate stations) for each signal pair shall not exceed 3 dB over the
frequency range of BR/2 to BR (Hz) for.sine-wave measurements.

7.4.3.6 Timing Jitter. Cable meeting this specification shall exhibit edge
jitter of no more than 1.5 ns at the receiving end when the longest legal length
“of the cable as specified in 7.4.3.1 through 7.4.3.7 is terminated ina 78 Q £ 1%
resistor at the receiving end and is driven with pseudorandom Manchester
encoded binary data from a-data generator which exhibits no more than 0.5 ns
of edge jitter on half bit cells of exactly 1/2 BT and whose output meets the spec-
ifications of 7.4.1.1 through 7.4.1.5. This test shall be conducted in a noise-
free environment. The above specified component is not to introduce more
than 1 ns of edge jitter into the system.

NOTE: Special attention will have to be applied to the cable characteristics and length at 20 Mb/s.

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

7.5 Functional Description of Ihterchange Circuits
7.5.1 General. The AUI consists of either three or four differential signal

circuits, power, and ground. Two of the circuits carry encoded data and two
carry encoded control information. Circuits DO (Data Out) and CO (Control
Out) are sourced by the DTE, and circuits DI (Data In) and CI (Control In) are
sourced by the MAU. The interface also provides for power transfer from the
DTE to the MAU. The CO-circuit is optional.
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7.5.2 Definitibn of Interchange Circuits. The following circuits are defined
by this specification:

ignal Directi

Circuit Name to MAU  from MAU Remarks

PO PataOut———————— X Encoded Pata———
DI Data In X Encoded Data

co Control Out X Encoded Control
CI Control In X Encoded Control
VP Voltage Plus X 12 Volts

vC Voltage Common X Return for VP

PG Protective Ground X Shield

7.5.2.1 Circuit DO-Data Out. The Data Out (DO) circuit/is sourced by the
DTE. It is a differential pair consisting of DO-A (Data Qut circuit A) and DO-
B (Data Out circuit B).

The signal transferred over this circuit is Manchester encoded. An output
messag- containing a zero bit is encoded as CD@, An output message contain-
ing a one bit is encoded as CD1. An output_idle message is encoded as an IDL.

The following symmetry requirements shall be met when the DTE trans-
fers pseudorandom Manchester encoded binary data over a DO circuit loaded
by the test load specified in 7.4.1.1.

Bit cells generated internal to the DTE are required to be 1 BT within the
permitted tolerance on data rate specified in 7.3.2. Half bit cells in each data
bit are to be exactly 1/2 BT (that'is, the reference point for edge jitter measure-
ments) within the permitted tolerance on the data rate specified in 7.3.2. Each
transition on the DO circuit is permitted to exhibit edge jitter not to exceed
0.5 ns in each direction. This means that any transition may occur up to 0.5 ns
earlier or later than this transition would have occurred had no edge jitter oc-
curred on this signal.

7.5.2.2 Circuit DI-Data In. The Data In (DI) circuit is sourced by the
MAU. It is a-differential pair consisting of DI-A (Data In circuit A) and DI-B
(Data In circuit B).

The signal transferred over this circuit is Manchester encoded. An input
message-containing a zero bit is encoded as CDO0. An input message contain-
ing-aone bit is encoded as CD1. An input_idle message is encoded as an IDL.

A“DTE meeting this specification shall be able to receive, on the DI circuit
without a detectable FCS error, normal preamble data arranged in legal
length packets as sent by another station to the DTE. The test generator for the
data on-the DI ci Ba o ire tvers i noet

ar VLA ~-

fied in 7.4.1.1 through 7.4.1.5 and shall drive the DI circuit through a zero
length AUI cable. Random amounts of edge jitter from 0 to 12 ns on either side
of each transition shall be added by the test generator to transitions in bits in
the preamble, and random amounts of edge jitter of from 0 to 18 ns on either
side of each transition shall be added to the transitions in all bits in the frame.
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Preamble length from the test generator shall be 47 bits of preamble, followed
by the 8 bit SFD.

NOTE: A significant portion of the system jitter may be nonrandom in nature and consists of a
steady-state shift of the midbit transitions in either direction from their nominal placement. A
16.5 ns edge jitter is expected on the transmitted signal at the receiving DTE, worst case. The dif-
ference between 16.5 ns and 18 ns jitter represents receiver design margin.

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

The signal transferred over this circuit is encoded as described in 7.3.1.20A
mau_request message is encoded as CS1. A normal message is encoded as
IDL. An isolate message is encoded as CSO.

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

The signal transferred over this circuit is encoded as deséribed in 7.3.1.2. A
mau_available message is encoded as IDL. A mau_not_dvailable message is
encoded as CS1. A signal_quality_error message is encoded as a CSO0.

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

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

7.5.2.6,Circuit VC-Voltage Commeon. Circuit VC is the ground return to
the power source for circuit VP, capable of sinking 2.0 A. Also, all common-
mode terminators for AUI circuits shall be made to circuit VC.

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

7.5.2.8 Circuit Shield Terminations. Individual pin terminations shall

meet the following requirements:

(1) Pins 1,4,8,11,14 connected to logic ground in the DTE

(2) Pins 1,4,8,11,14 capacitively coupled to VC in MAU

(3) Impedance to ground < 5 Q at the lowest operational BR/2 in the MAU and
at the highest BR in the DTE
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Connector Locking Posts
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7.6 Mechanical Characteristics

7.6.1 Definition of Mechanical Interface. All connectors used shall be as
specified in 7.6.2. The DTE shall have a female connector and the MAU shall
have a male connector. The MAU may be plugged directly into the DTE or
may be connected by one or more cable segments whose total length is less

end and a female connector on the other end All female connectors shall have
the slide latch, and all male connectors shall have the locking posts (as de-
fined in Figs 7-18, 7-19, and 7-20) as the retention system.

7.6.2 Line Interface Connector. A 15-pole connector having the mechanical
mateability dimensions as specified in IEC 807-2 [7] shall be used for the line
interface connector. The shells of these connectors shall be plated ‘with con-
ductive material to ensure the integrity of the cable shield to chassis current
path. The resistance of the cable shield to equipment chassis shall not exceed
5 mQ, after a minimum of 500 cycles of mating and unmating.

In order to ensure intermateability of connectors obtained from different
manufacturers, the connector with female contacts shall ¢onform to IEC 807-2
[7]1 and have a conductive plating. All additions to provide for female shell to
male shell conductivity shall be on the shell of the connector with male con-
tacts. There should be multiple contact points around the sides of this shell to
provide for shield continuity.

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

Fig 7-19
Connector Slide Latch

(material 24 gauge maximum)

— (&) 3.43 % 013 mm ©® 252 + 0.23 mm

o T

- (B) J43:62 + 0.25 mm

[© 3.66 + 0.38 mm
e - (I

LEGEND

{0.135 + 0.005 inches)
(1.725 + 0.010 inches)
(0.144 = 0.016 inches)
'(0.099 + 0.009 inches)
(0.180 inches diam min )

mooow>»
L I |
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Fig 7-20
Connector Hardware and AUI Cable Configuration

warned-that the shield is not to be brought into contact with any hazardous
voltage‘while being handled by operating personnel.

See reference [A15].

7.6.8 Contact Assignments. The following table shows the assignment of
¢ircuits to connector contacts: ' '
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Contact Circuit Use

3 DO-A Data Out circuit A

10 DO-B Data Out circuit B

1 DO-S8 Data Out circuit Shield

5 PA DataIn—circuitA

12 DI-B Data In circuit B

4 DI-S Data In circuit Shield

7 CO-A Control Out circuit A

15 CO-B Control Out circuit B

8 CO-S Control Out circuit Shield

2 CI-A Control In circuit A

9 CI-B Control In circuit B

1 CI-S Control In circuit Shield

6 vC Voltage Common

13 VP Voltage Plus

1« VS Voltage Shield
Shell PG Protective Ground (Cénductive Shell)

NOTE: Voltage Plus and Voltage Common use a single twisted pair in the AUI cable.
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8. Medium Attachment Unit and Baseband Medium
Specifications, Type 10BASES5

8.1 Scope

8.1.1 Overview. This standard defines the functional, electrical, and me-
chanical ¢haracteristics of the MAU and one specific medium for use with lo-
cal networks. The relationship of this specification to the entire ISO [IEEE]
Local Network specification is shown in Fig 8-1. The purpose.of the MAU is to
provide a simple, inexpensive, and flexible means of attaching devices to the

local network medium.
Fig 8-1

Physical Layer Partitioning, Relationship to the ISO
Open System InterconnectionReference Model

os! LAN
REFERENCE MODEL ~ CSMA/CD
LAYERS LAYERS
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8.1.1.1 Medium Attachment Unit. The MAU has the following general
characteristics: v
(1) Enables coupling the PLS by way of the AUI to the explicit baseband coax-
ial transmission system defined in this section of the standard.
(2) Supports message traffic at a data rate of 10 Mb/s (alternative data rates

)
I/,
(3) Provides for driving up to 500 m (1640 ft) of coaxial trunk cable without
the use of a repeater.
(4) Permits the DTE to test the MAU and the medium itself.
(5) Supports system configurations using the CSMA/CD access mechanism
defined with baseband signalling.
(6) Supports a bus topology interconnection means.
8.1.1.2 Repeater Unit. The repeater unit is used to extend the physical sys-
tem topology, has the same general characteristics as definéd)in 8.1.1.1, and
provides for coupling together two or more 500 m (1640 ft).coaxial trunk cable
segments. Multiple repeater units are permitted within-a single system to
provide a maximum trunk cable connection path of 2:5.km (8200 ft) between
any two MAUs.

8.1.2 Definitions

baseband coaxial system. A system whereby information is directly encoded
and impressed on the coaxial transmission medium. At any point on the
medium, only one information signal at'a time can be present without disrup-
tion (see collision).

BR. The rate of data throughput (bit rate) on the medium in bits per second.
BR/2. One half of the BR in Hertz.

branch cable. The AUI cable interconnecting the DTE and MAU system com-
ponents.

carrier sense. In a local area network, an ongoing activity of a data station to
detect whether another station is transmitting.

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

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

coaxial cable interface. The electrical and mechanical interface to the shared
coaxial cable medium either contained within or connected to the MAU. Also

L~ known as MDI (Medium Dependent-Interface)
coaxial cable segment. A length of coaxial cable made up from one or more
coaxial cable sections and coaxial connectors, and terminated at each end in
its characteristic impedance.

collision. An unwanted condition that results from concurrent transmissions
on the physical medium.

108


https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530

ISO 8802-3 : 1989
CSMAKCD ANSI/IEEE Std 802.3-1988

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

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

allow connection of independently designed and manufactured components to
the baseband transmission system.

Medium Attachment Unit (MAU). In a local area network, a device used’in a
data station to couple the data terminal equipment to the transmission
medium.

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

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

Physical Signaling (PLS). That portion of the Physical Layer, contained
within the DTE that provides the logical and functional coupling between
MAU and Data Link Layers.

repeater. A device used to extend the length, topology, or interconnectivity of
the physical medium beyond that imposed'by a single segment, up to the maxi-
mum allowable end-to-end trunk transmission line length. Repeaters per-
form the basic actions of restoring-signal amplitude, waveform, and timing
applied to normal data and collision signals.

trunk cable. The trunk coaxial cable system.

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

8.1.3.1 Object

(1) Provide thephysical means for communication between local network

data link entities. '

NOTE: This standard covers a portion of the physical layer as defined in the OSI Reference Model
and, in addition, the physical medium itself, which is beyond the scope of the OSI Reference
Model.

(2).Define a physical interface that can be implemented independently
among different manufacturers of hardware and achieve the intended level of
compatlblhty when mterconnected in a common local network

error rate performance The resultant mean blt error rate, at the phys1ca1‘
layer service interface should be less than one part in 108 (on the order of one
part in 109 at the link level).

(4) Provide for ease of installation and service.

(86) Provide for high network availability (ability of a station to gain access
to the medium and enable the data link connection in a timely fashion).
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(6) Enable relatively low-cost implementations.
8.1.8.2 Compatibility Considerations. All 1mplementatlons of this base-
band coaxial system shall be compatible at the MDI.
This standard provides one explicit trunk cable medium specification for
the interconnection of all MAU devices. The medium itself, the functional

capability of the MAU, and the AUl 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 MD Interface and AUI specifications are sat-
isfied.

Subsystems based on this specification may be implemented in_ several dif-
ferent ways provided compatibility at the medium is maintained: It is possi-
ble, for example, to design an integrated station where the MAU is contained
within a physical DTE system component, thereby eliminating the AUI cable.
The device designer (and system user) shall then consider such factors as
topol ical flexibility, system availability, and configurability.

‘ .3.3 Relationship to PLS and AU Interface. This section defines the
pmmary physical layer for the local area networky a layer comprised of both
‘the physical medium and the rudimentary circuitry necessary to couple a
station’s message path directly to/from the medium. The complete logical
“physical layer of the local area network may reside physically in two distinct
locations, the MAU and the DTE. Therefore, a close relationship exists be-
tween this section and Section 7. This section specifies all of the physical
medium parameters, all of the PMA-logical functions residing in the physical

'MAU, and references the AUI associated with and defined throughout Section
7. :

NOTE: The design of a physical MAIJ component requires the use of both this section and Section 7
for the PLS and AUI specifications:

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

(1) Normal Mode. The MAU functions as a direct connection between the
baseband medium and the DTE. Data output from the DTE is output to the
coaxial trunk medium and all data on the coaxial trunk medium is input to
the DTE; This mode is the “normal” mode of operatlon for the intended mes-
sage traffic between stations.

(2) Monitor Mode. The MAU Transmit Function is disabled to prevent data
from-being output on the trunk coaxial medium while the receive function and
collision presence function remain active for purposes of monitoring medium
message traffic. Thls mode also serves as.a 11m1ted test mode at the same tlme

jntrastatlon) fault condltlons the momtor mode enables contmued use of the
network while the local station is being serviced.

| 8.2 MAU Functional Specifications. The MAU component provides the means
by which signals on the four physically separate AUI signal circuits to/from
the DTE and their associated interlayer messages are coupled to the single

N
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coaxial cable baseband signal line. To achieve this basic objective, the MAU
component contains the following functional capabilities to handle message
flow between the DTE and the baseband medium:

(1) Transmit Function. The ability to transmit serial data bit streams on the
baseband medium from the local DTE entity and to one or more remote DTE

(2) Receive Function. The ability to receive serial data bit streams over the
baseband medium,

(3) Collision Presence Function. The ability to detect the presence of two or
more stations’ concurrent transmissions.

(4) Monitor Function (Optional). The ability to inhibit the normal transmit
data stream to the medium at the same time the normal receive function and
collision presence function remain operational.

(5) Jabber Function. The ability to automatically interrupt the transmit
function and inhibit an abnormally long output data stream.

8.2.1 MAU Physical Layer Functions
8.2.1.1 Transmit Function Requirements. At the start of a frame trans-

mission on the coaxial cable, no more than 2 bits (2full bit cells) of informa-
tion may be received from the DO circuit and not.transmitted onto the coaxial
medium. In addition, it is permissible for the first bit sent to contain encoded
phase violations or invalid data; however; all successive bits of the frame
shall be reproduced with no more than the'specified amount of jitter. The sec-
ond bit cell transmitted onto the coaxial cable shall be carried from the DO
signal line and transmitted onto the coaxial trunk cable medium with the
correct timing and signal levels, The steady-state propagation delay between
the DO circuit receiver input and the coaxial cable output shall not exceed one-
half bit cell. There shall be(no logical signal inversions between the branch
cable DO circuit and the, coaxial trunk cable (for example, a “high” logic level
input to the MAU shallkresult in the less negative current flow value on the
trunk coaxial medium)./ A positive signal on the A signal lead of the DO cir-
cuit shall result in a-more positive voltage level on the trunk coaxial medium.
It is assumed that-the AUI shall provide adequate protection against noise. It is
recommended ‘that the designer provide an implementation in which a
minimum threshold signal is required to establish a transmit bit stream.

The Transmit Function shall output a signal on the trunk coaxial medium
whose-levels and waveform comply with 8.3.1.3.

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

within 0.6 us to 1.6 us after the output idle signal and shall maintain an active
collision presence state for a time equivalent to 10 + 5 bit cells.

8.2.1.2 Receive Function Requirements. The signal from the coaxial
trunk cable shall be directly coupled to the receiver and subsequently ac cou-
pled before reaching the receive circuit connected to the DTE. The receive

111


https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530

1SO 8802-3 : 1989
ANSI/IEEE Std 802.3-1988 LOCAL AREA NETWORKS:

function shall output a signal onto the DI circuit of the AUI cable that complies
with the AUI specification for drivers in MAUs.

At the start of a frame reception from the coaxial cable, no more than 5 bits
(five full bit cells) of information may be received from the coaxial cable and
not transmltted onto the recelve (DI) clrcult In addltlon, 1t is perm1ss1ble for

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

A MAU meeting this specification shall exhibit edge jitter-into the DI pair
when terminated in the appropriate test load specified in)7.4.3.6, of no more
than 8.0 ns in either direction when it is installed on‘the distant end of all
lengths between 2.5 m and 500 m of the cable specified in 8.4.1.1 through
8.4.2.1.5 terminated at both ends with terminators. meeting the impedance re-
quirements of 8.5.2.1 and driven at one end with pseudorandom Manchester
encoded binary data from a data generator that exhibits no more than 1.0 ns of
edge jitter in either direction on half-bit ‘cells of exactly 1/2 BT and whose
output meets the specifications of 8.3.1 3-except that the risetime of the signal
must be 30 ns + 0, - 2 ns. This test shall be conducted in a noise-free environ-
ment. The combination of coaxial cable and MAU receiver introduce no more
than 6 ns of edge jitter into the system.

The local transmit and receive functions shall operate simultaneously
while connected to the medium operating in the half duplex operating mode.

8.2.1.3 Collision Presence Function Requirements. The signal presented
to the CI circuit in the absence of a collision shall be the IDL signal except
when the MAU is neéquired to signal the CS1 signal.

The signal presented to the CI circuit during the presence of a collision shall
be the CSO0 signal, a periodic waveform at the nominal BR + 15% with a duty
cycle no worse than a 40/60 ratio. This signal shall be presented to the CI cir-
cuit no more than 9 bit times after the signal (for example, dc average) on the
coaxial cable at the MAU equals or exceeds that produced by two (or more)
MAU outputs transmitting concurrently under the condition that the MAU
detecting collision presence is transmitting. Under no conditions shall the
collision presence function generate an output when only one MAU is trans-
mitting. A MAU, while not transmitting, may detect the presence of two other

s transmitiing and sha

transmitting., Table 8-1 summarizes the allowable conditions under which
collisions shall be detected.

The collision presence function may, in some implementations, be able to
sense an abnormal (for example, open) medium. The use of MAUs in re-
peaters requires added considerations; see 8.3.1.5.
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Table 8-1
Generation of Collision Presence Signal

MAU Numbers of Transmitters
<2 =2 >2
Transmitting N Y Y
— N May Y
Y will generate SQE message

=
N = will not generate SQE message
= may generate SQE message

8.2.1.4 Monitor Function Requirements (Optional). Upon receipt of the
isolate message the MAU shall, within 20 ms (implementations: ‘solid-state
preferred, relay switched permitted), disable the transmit function in such a
way as to prevent both the transmission of signals on the“trunk coaxial
medium and any abnormal loading by the disabled transmitter on the trunk
coaxial medium itself. The monitor function is intended to prevent' a mal-
functioning 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 mode
wherein all data appearing on the trunk coaxial medium are carried to the
DTE on the DI signal circuit.
NOTE: Verification for successful execution of theisolate message requires use of the trunk coax-

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

8.2.1.5 Jabber Function Requirements, The MAU shall contain a self-
interrupt capability to inhibit-transmit data from reaching the medium.
Hardware within the MAU (with no external message other than the detection
of output data, bits, or leakage, by way of the transmit function) shall provide a
nominal window of atleast 20 ms to at most 150 ms during which time a nor-
mal data link frame may be transmitted. If the frame length exceeds this du-
ration, the jabber function shall inhibit further output data from reaching the
medium.

When the @ransmit function has been positively disabled, the MAU shall
then activate the collision presence function as close to the trunk coaxial
medium.as possible without introducing an extraneous signal on the trunk
coaxial)medium. A MAU without the monitor function and powered by the
DTE may reset the jabber and collision presence functions on power reset once
the error condition has been cleared. Alternatively, a self-powered MAU may
reset these functions after a period of 0.5 s £ 50% if the monitor function has not

been implemented. If the monitor function has been implemented then it shall
be used to reset the collision presence and jabber functions.
8.2.2 MAU Interface Messages
8.2.2.1 DTE Physical Layer to MAU Physical Layer Messages. The fol-
lowing messages can be sent by the DTE physical layer entities to the MAU
physical layer entities: '
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Message Circuit Signal Meaning ,
output ‘DO CD1,CD0 ~ Qutput information
output_idle DO IDL No data to be output
normal 60) IDL Assume the nonintrusive state

on the trunk coaxial medium
(Optional Circuit)

isolate ' CO CSO0(BR) Positively disable the trunk
coaxial medium transmitter

8.2.2.2 MAU Physical Layer to DTE Physical Layer, The following
messages can be sent by the MAU phys1ca1 layer entities to the DTE physical
layer entities:

‘Message Circuit Signal Meaning

input DI - CD1,CDO  Input information
input_idle DI IDL No information to be input
mau_available CI IDL MAU is available for output
signal_quality_  CI Cso Error detected by MAU

error :

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

8.2.2.2.2 input_idle Message. The MAU physical layer sends an in-
put_idle méssage to the DTE physical layer when the MAU does not have data
to send to.the DTE. The physical realization of the input_idle message is the
IDL signal sent by the MAU to the DTE on the data in circuit.

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

be sent instead. Such a MAU does not require mau_request to prepare itself for
data output. The physical realization of the mau_available message is an IDL
signal sent by the MAU to the DTE on the control in circuit.
’ 8.2.2.2.4 signal_quality_error Message. The signal_quality_error
message shall be implemented in the following fashion:
(1) The signal_quality_error message shall not be sent by the MAU if no
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MAU or only one MAU is transmitting on the trunk coaxial medium in the
normal mode. ' ' ,

(2) If two or more remote MAUs are transmitting on the trunk coaxial
medium, but the MAU connected to the local node is not transmitting, then the
local MAU shall send the signal_guality_error message in every instance

when 1t 1s possible for it to ascertain that more than one MAU 1s transmitting
on the trunk coaxial medium. The MAU shall make the best determination
possible. It is acceptable for the MAU to fail to send the signal_quality_error
message when it is unable to conclusively determine that more than one MAU
is transmitting.

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

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

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

The signal_quality_error message shall be asserted less than 9 bit cells af-
ter the occurrence of the multiple-transmission condition is present at the MDI
and shall no longer be asserted within 20(bit cells after the indication of
multiple transmissions ceases to be present.at the MDI. It is to be noted that an
extended delay in the removal of the signal_quality_error message may af-
fect adversely the access method performance.

The physical realization of the*signal_quality_error message is the CSO
signal sent by the MAU to the DTE on the control in circuit.

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

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

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

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

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

(d) no_collision. Signifies thal the condition of multiple transmitters
simultaneously active on the trunk coaxial medium does not exist.

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

(6) not_positive_disable. Deactivates the positive means provided in the
MAU transmitter to prevent interference with the trunk coaxial medium.
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8.3 MAU-Medium Electrical Characteristics
8.3.1 MAU-to-Coaxial Cable Interface. The following sections describe the
interface between the MAU and the coaxial cable. Negative current is defined
as current into the MAU (out of the center conductor of the cable).
8.3.1.1 Input Impedance. The shunt capacitance presented to the coaxial

“cable by the MAU circuitry (not including the means of attachment to the
coaxial cable) is recommended to be no greater than 2 pF. The resistance to the
coaxial cable shall be greater than 100 kQ.

PowerOn
NOT ISOLATED OUTPUT
........................................ output
® disable_driver —> @/ enable_driver
® mau_available ® mau_available
(if no_collision) (if no_collision)
® SQE (if collision) ® SQE (if collision)
output_idle
OUTPUT IDLE
® disable_driver
® SQE (if collision)
e mau_.available
(if no_collision)
test=timer_done Tw
............. SQE TEST e uct ..., START TEST TIMER ..

@ “disable_.driver ® disable_driver
®  SQE ® SQE (if coliision)
[start_test_timerl

NOFE—HETF= cifforatansiton
TYS/ T, WA = AT TWWIT N

Tw = wait fime, see 8.2.1.1

Fig8-2
Interface Function: Simple MAU without Isolate Capability
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\I/ PowerOn

........... ISOLATED . ... ¢ .......MAU_ IDENTIFY |
@ positive__disable mau._request ® positive_disable

@ disable_driver @ disable_driver

® mau_available ® mau._.not_available

{if-ro—ecoliision)

mau._request

® SQE (if collision)

normal oo N e ISOI:ATED.OUTPUT .....
isolate @ positive_.disable
OLA ® enable_driver
........ NOTIS..TED output ® mau_available
® not_.positive_disable " . o
@ disable_driver ° (lf.no_c.ol.llsmn)
X SQE (if collision)
® mau_available
(if no_collision) \I/ Output_tdle
® SQE (if collision) OUTPUTIDLE
\I/ output ‘@ positive._disable
® disable_driver
............ OUTPUT ] @ SQE (if collision)
® not_positive_.disable @ mau_available
@ enable_driver (if no_collision)
® mau_available \l/ Tw
(if no_collision) START TEST TIMER 2
® SQE (if collision) "o positive_disable "
\I/ output_idle @ disable_driver
..OUPUT DLE o o vetabe™
® not__positive_.disable (if no_.collision)
@ disable_.driver [start_test._timer]
® SQE (if c.ollision) \|/ ucT
® mau._avollable. . ; - SQE TEST 2
(i no_collsion) tosttimer—done | g positive__disable
Vo Tw ® disable_driver
[ START TESTTIMER 1 ® Sqe
@ not_positive__disable
@ disable_driver SQE TEST 1
® SaE (i ollsion) tost_timer_dons 11§
8 mau_available ucT ® disable_driver

(if no_collision) ® SQE
Istart_test_timerl

NOTE: UCT = unconditional transition
Tw =walf time, see 8.2.1.1

Fig 8-3
Interface Function: Simple MAU with Isolate Capability
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Power On .
Az

NO OUTPUT

reset unjab timer]

MAU TRANSMITTER ACTIVE

START TIMER

[start frame_timer)

UCT

LEGAL—LENGTH. OUTPUT
(MAU TRANSMITTER - - frevererrsernemremrermeecasbiiiaiemecneense

NOT ACTIVE)

(MAU TRANSMITTER ACTIVE):| &, frame_timer_done

isolate * (MAU -HAS |““¢"'sqE
MONITOR FUNCTION)\' @ positive_.disable

output_idle * | (MAU WITHOUT MONITOR FUNCTION) *
(MAU WITH UNJAB TIMER)

® positive_disable
® SQE . N
[start unjab_.timer]

(if self—powered MAU)
UCT

UNJAB WAIT

@ positive_.disable output
®  SQE

unjab._timer_done |

Fig 84
Jabber Function
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The total capacitive load due to MAU circuitry and the mechanical connector
as specified in 85.3.2 shall be no greater than 4 pF.

These conditions shall be met in the power-off and power-on, not transmit-
. . \

The magnitude of the reflection from a MAU shall not be more than that
produced by a 4 pF capacitance when measured by both a 25 ns rise time and
25 ns fall time waveform. This shall be met in both the power on and power off,
not transmitting states.

8.3.1.2 Bias Current. The MAU shall draw (from the cable) between +2 pA
and — 25 HA in the power-off and the power-on, not transmitting states.

8.3.1.3 Coaxial Cable Signaling Levels. The signal on the-coaxial cable
due to a single MAU as measured at the MAU transmitter output-is’composed of
an ac component and an offset component. Expressed in.terms of current
immediately adjacent to the MAU connection (just prior to splitting the
current flow in each direction) the recommended-signal has an offset
component - (direct current including the effects of timing distortion) of from
=37 mA minimum to —45 mA maximum and an ac component from +28 mA
up to the offset value. The offset component ‘of the' drive current is allowed to
have relaxed values of ~-36 mA to —48 mA, with’an ac component from +28 mA
up to the offset value.

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

The MAU shall sink no more than —25 pA when the voltage on the center
conductor of the cable drops to =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 conductor of the cable (into the
MAU). The 10-90% rise/fall times shall be 25 = 5 ns at 10 Mb/s. The rise and
fall times shall match within 1 ns. Figures 8-5 and 8-6 shows typical wave-
forms present on‘the cable. Harmonic content generated from the BR funda-
mental periodicinput shall meet the following requirements:

2nd and“3rd Harmonics: at least 20 dB below fundamental
4th and 5th Harmonies: at least 30 dB below fundamental
6th(and 7th Harmonics: at least 40 dB below fundamental
AlFHigher Harmonics:  at least 50 dB below fundamental

NOTE: Even harmonics are typically much lower

square-wave with a single-pole filter, nor can they be satisfied by an output
waveform generator employing linear ramps without additional waveshap-
ing. The signals as generated from the encoder within PLS shall appear on
the coaxial cable without any inversions (see Fig 8-6).

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

-41 4 mA

— -90t4mA

Fig 8-5
Recommended Driver Current Signal Levels

RERARARERR

— =205V

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

(4) Manchester coding

Fig 8-6
Typical Coaxial Trunk Cable Signal Waveform

istics specified in 8.3.1.3. Since the coaxial cable proceeds in two directions

from the MAU; the current inmto the MAU is omimatly twice thecurrent-mea—
sured on the coaxial cable.

The output signal of a MAU meeting this specification shall exhibit edge
jitter of no more than 2.5 ns into a 25 Q *+ 1% resistor substituted for the con-
nection to the coaxial cable when the DO circuit into the MAU is driven
through a zero length AUI cable with pseudorandom Manchester encoded bi-
nary data from a data generator that exhibits no more than 0.5 ns of edge jitter
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on half bit cells of exactly 1/2 BT whose output meets the specifications of
7.4.1.1 through 7.4.1.5. The above specified component is not to introduce more
than 2 ns of edge jitter into the system.

The MAU shall not transmlt a negatlve gomg edge after cessatlon of the CD

clrcult v

8.3.1.5 Receive Collision Detect Threshold. It is recommended that the
MAU implement the collision detect function with a — 1.492 V to —~ 1.629'V
threshold range corresponding to the recommended tolerances for coax drive
currents specified in 8.3.1.3. The threshold voltage is measured on the coax at
the MAU connector.

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

A MAU that implements the recommended receive threshold shall be con-
sidered to have implemented receive mode collision detect. Receive mode
collision detect indicates that a nontransmitting MAU has the capability to
detect collisions when two or more MAUs are transmitting simultaneously.
Repeater units require both MAUSs directly connected to it to implement receive
mode collision detection.”

8.3.2 MAU Electrical Characteristics
8.3.2.1 Electrical Isolation. The MAU must provide isolation between the
AUI cable and the coaxial trunk ‘cable. The isolation impedance measured
between each conductor (including shield) of the AUI cable and either the
center conductor or shield of the coaxial cable shall be greater than 250 kQ at
60 Hz and not greater than 15°Q between 3 MHz and 30 MHz. The breakdown of
the isolation means provided shall be at least 250 V ac, rms. See references
[A9], [A10], and [A11].
8.3.2.2 Power Consumption. The current drawn by the MAU shall not ex-
ceed 0.5 A as powered by the AUI source. The MAU shall be capable of operat-
ing from all possible voltage sources as supplied by the DTE through the re-
sistance of all_permissible AUI cables. The MAU shall not disrupt the trunk
coaxial mediam should the DTE power source fall below the minimum opera-
tional level under abnormal MAU load conditions.
The MAU shall be labeled externally to identify the maximum value of cur-
rent required by the device at any specified input voltage.
8.3.2.3 Rellablhty. The MAU shall be des1gned to provide an MTBF of at

1 in, mmunication

failure among other stations attached to the local network medium. Compo-
nent failures within the MAU electronics should not prevent communication
among other MAUs on the coaxial cable. Connectors and other passive com-

7 Repeatered networks may require all MAU components to use the recommended coaxial drive
connect levels. This matter is under consideration.
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ponents comprising the means of connecting the MAU to the coaxial cable
~shall be designed to minimize the probability of total network failure.
It should be noted that a fault condition that causes a MAU to draw in excess
of 2 mA may cause communication failure among other stations.
for the driver and receiver components connected to the branch cable within
the MAU shall be identical to those as specified in Section 7 of this standard:
8.3.4 MAU-DTE Mechanical Connection. The MAU shall be provided with
a 15-pin male connector as specified in detail in the AUI specification, Section
7. ‘

8.4 Characteristics of the Coaxial Cable. The trunk cable is’ of constant
impedance, coaxial construction. It is terminated at each end.by a terminator
(see 8.5.2), and provides the transmission path for MAU ‘device connection.
Coaxial cable connectors are used to make the connection from the cable to the
terminators, and between cable sections (if needed).(The cable has various
electrical and mechanical requirements that shall.bevmet to ensure proper op-
‘eration.
8.4.1 Coaxial Cable Electrical Parameters

8.4.1.1 Characteristic Impedance, The average charactenstlc cable
impedance shall be 50 £ 2 Q, measured according to IEC Publication 96-1 [2]
and 96-1A [3]. Periodic variations in impedance along a single piece of cable
may be up to £ 3 Q sinusoidal centered-around the average value, with a period
of less than 2 m.

NOTE: If the requirements of 8.4.2.1.142), 8.4.2.1.2; 8.4.2.1.3, 8.4.2.1.4 (2) are met, then it is ex-
pected that the characteristic impedanée perodicity requirement shall be considered met.

8.4.1.2 Attenuation. The attenuation of a 500 m (1640 ft) cable segment
shall not exceed 8.5 dB (17 dB/km) measured with a 10 MHz sine wave, nor 6.0
dB (12 dB/km) measured with a 5 MHz sine wave.

8.4.1.3 Velocity of Propagation. The minimum required velocity of prop-
agation is 0.77(c.

8.4.14 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 end when 500 m of the cable is terminated at both ends with
terminators meeting the impedance requirements of 8.5.2.1 and is driven at
ong end with pseudorandom Manchester encoded binary data from a:data
generator that exhibits no more than 1.0 ns of edge jitter in either direction on
half bit cells of exactly 1/2 BT and whose output meets the specifications of
8.3.1.3 except that the rise time of the signal must be 30 ns + 0, — 2 ns; and no
offset component in the output current is required. This test shall be conducted
in a noise-free environment. The above specified component is not to intro-
duce more than 7 ns of edge jitter into the system.

8.4.1.5 Transfer Impedance. The coaxial cable medium shall provide
sufficient shielding capability to minimize its susceptibility to external noise
and also to minimize the generation of interference by the medium and re-
lated signals. While the cable construction is not mandated, it is necessary to
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indicate a measure of performance expected from the cable component. A ca-
ble’s EMC performance is determined, to a large extent, by the transfer
impedance value of the cable. See reference [A14].

The transfer impedance of the cable shall not exceed the values shown in
Fig 8-7 as a function of frequency.

8.4.1.8 Cable DC Loop Resistance. The sum of the center conductor resis-
tance plus the shield resistance, measured at 20 °C, shall not exceed 10 mQ/m.
8.4.2 Coaxial Cable Properties
8.4.2.1 Mechanical Requirements. The cable used should be suitablefor
routing in various environments, including but not limited to, dropped ceil-
ings, raised floors, cable troughs, and throughout open floor space. The-jacket
shall provide insulation between the cable sheath and any buildingstructural
metal. Also, the cable shall be capable of accepting coaxial cable ‘connectors,
described in 8.5. The cable shall conform to the following requirements.
8.4.2.1.1 General Construction
(1) The: coaxial cable shall consist of a center conductor, dielectric, shield
system, and overall insulating jacket.
(2) The concentricity (for example, positional relationship between center
conductor to shield system and outer jacket) of\the coaxial cable elements

~ Fig8-7 ;
Maximum Coaxial CableTransfer Impedance
100 -
50
20
10

1

mO/m

0.2 -

0.1 }
. T |}
10K 100K ™ 3M 10M 30M 100M

FREQUENCY (Hz)
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shall be greater than 92% as measured in accordance with the following gen-
eral configuration:

ﬁa&k&t.mdins).:.(&ent&mﬁ's.&t)x 100 = 92%

jacket radius

It is assumed that the offset and radius values are worst case at any point
within the measured system.

(3) The coaxial cable jacket, shield system, and dielectric material shall*be
pierceable either by means of the connector type specified in 8.5.3.2 or by an
external core tool. Overall cable system pierceability (the ability of atap probe
to pierce the jacket, shields, and dielectric cable system without ‘substantial
dielectric deformation and without causing a short circuit between center
conductor and shield system) is a vital parameter affecting tap-connection re-
liability.

Pierceability of the cable system can be measured in ferms of the probe’s
load versus displacement signature. A pierceable cablé¢ exists where the dis-
placement is 2 1.52 mm (0.06 in) between rupture {piercing) of the shield sys-
tem and contact with the center conductor.

(4) The coaxial cable shall be sufficiently flexible to support a bend radius of
254 mm (10 in).

84.2.1.2 Center Conductor. The center conductor shall be 2.17 mm +
0.013 mm (0.0855 * 0.0005 in) diameter solid copper.

8.4.2.1.3 Dielectric Material, The dielectric may be of any type provided
the conditions of 8.4.1.2,:8.4.1.3, and 8.4.2.1.1(3) are met.

8.4.2.14 Shielding System

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

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

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

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

84.2,1.5 Overall Jacket

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

(2) Either of two jacket dimensions may be used for the two broad classes of
materials, provided the specification of 8.4.2.1.1 are met:

\ f}
0f 10.287 mm % 0.178 mm (0.405 nominal + 0.007 in).
(b) Fluoropolymer (for example, FEP, E-CTFE) or equivalent having an
OD of 9.525 mm * 0.254 mm (0.375 nominal + 0.010 in).
The cable shall meet applicable flammability and smoke criteria and local
and national codes for the installed environment. See 8.7.4. Different types of
cable sections (for example, polyvinyl chloride and fluropolymer dielectric)
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may be interconnected, while meeting the sectioning requirements of 8.6. See
references [A8] and [A16].

8.4.2.2 Jacket Marking. The cable jacket shall be marked with annular
rings in a color contrasting with the background color of the jacket. The rings
shall be spaced at 2.5 m + 5 cm regularly along the entire length of the cable. It

is permissible for the 2.5 m spacing to be interrupted at discontinuities between
cable sections joined by connectors. (See 8.6.2.2 for MAU placement rules that
mandate cable markings.) It is recommended that the base color of the cable
jacket itself be a bright color (for example, yellow) other than that normally
used for power mains.

8.4.3 Total Segment DC Loop Resistance. The sum of the center conductor,
connectors, and shield resistance shall not exceed 5 Q2 total per segment.

Each in-line connector pair or MAU shall be no more than 10 mQ. Use of
these components reduces the overall allowable segment length accordingly.
Values given above are at 20 °C. For temperature variations, cable length
shall be adjusted accordingly such that the 5 Q total is not/exceeded.

If a trunk coaxial cable segment consists of several cable sections, then all
connectors and internal resistance of the slgield and center conductor shall be
included in the loop resistance measurement.

8.5 Coaxial Trunk Cable Connectors. The trunk coaxial medium requires
termination and may be extended or partitioned into sections. Devices to be
attached to the medium as MAUs require a means of connection to the
medium. Two basic connector types provide the necessary connection means:

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

(2) A coaxial “tap” connector

All Type N connectors shall be of the 50 Q constant impedance type. Since
the frequencies present in’the transmitted data are well below UHF range
(being band-limited to approximately 20 MHz), high-quality versions of the
connectors are not required (but are recommended).

All of the coaxial tap connectors shall follow the requirements as defined in
8.5.3.

8.5.1 Inline Coaxial Extension Connector. All coaxial cables shall be ter-
minated with,the Type N plug connectors. A means shall be provided to ensure
that the ‘connector shell (which connects to the cable sheath) does not make
contact, with any building metal or other unintended conductor. An insulating
sleeve or boot slipped over the connector at installation time is suitable.

Inline coaxial extensions between two sections of coaxial cable shall be
made with a pair of Type N receptacle connectors joined together to form one

arral
assembly.
8.5.2 Coaxial Cable Terminator ,
8.5.2.1 Termination. Coaxial cable terminators are used to provide a ter-
mination impedance for the cable equal in value to its characteristic
impedance, thereby minimizing reflection from the ends of the cables. Ter-
minators shall be packaged within an inline female receptacle connector.
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The termination impedance shall be 50 Q + 1% measured from 0 — 20 MHz,
with the magnitude of the phase angle of the impedance not to exceed 5°. The
terminator power rating shall be 1 W or greater.

8.5.2.2 Earthing. Either the coaxial cable terminator or inline extension
connector provides a convenient location for meeting the earth grounding
ing of at least 1500 ampacity be provided on one of the two terminators or on one
extension connector used within a cable segment.

NOTES:

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

(2) Alternatively, terminators might be supplied in pairs, one with and one without the ground
lug connection point,

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

Overall system performance is dependent largely on the MAU-to-coax1a1
cable connection being of low shunt capacitance.

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

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

If the design of the.¢onnection is such that the piercing tap connector is to be
used without severing the cable, then the tap connector and cable assembly
shall conform-to. the mechanical and electrical requirements as defined
throughout 85,31 and 8.5.3.2.

8.5.3.L Electrical Requirements. Requlrements for the coaxial tap con-
nector are)as follows:

(1).Capacitance: 2 pF nominal connector loading measured at 10 MHz.
NOTE:' Total capacitance of tap and active circuitry connected directly shall be no greater than

4-pF. Specific implementations may allocate capacitance between. tap and circuitry as deemed
appropriate.

(2) Contact resistance (applies to center conductor and shield contacts);

lifetime.

(3) Contact material: surface material on signal probe or shield sufficient to
meet contact resistance requirements in environment and over time.

(4) Voltage rating: 600 V dc or ac rms maximum. - ‘

(5) Insulation: dc leakage resistance of tap housing shall be higher than
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1 GQ between braid and external conductors in the normal operating envi-
ronment. ;
(6) Probe current rating: 0.1 A per contact (probe and shield)
(7) Shield current rating: 1 A surge for 1 s
8.5.3.2 Mechanical Requirements
50 MHz. ‘
8.5.3.2.2 Contact Reliability. Overall performance of the LAN system
depends to a large extent on the reliability of the coaxial cable medium and the
connection to that medium. Tap connection systems should consider the, rele-
vant electrical and mechanical parameters at the point of electrical ‘connec-
tion between tap probe and cable center conductor to ensure that)a-reliable
electrical contact is made and retained throughout the useful life(of these com-
- ponents. It is recommended that some means be provided to ensure relatively
constant contact loading over time, with creep, in temperature, and typical
environment. Typical coaxial tap connector configurations are shown in
Figs 8-8 and 8-9. See references [Al], [A17], and [A18].
8.5.3.2.3 Shield Probe Characteristics. The shield probe shall penetrate
the cable jacket and outer layer(s) of the shield system to make effective cap-
ture of the outer braid (pick 2 or more typical strands).

8.6 System Considerations

8.6.1 Transmission System Model, Certain physical limits have been
placed on the physical transmission system. These revolve around maximum
cable lengths (or maximum propagation times), as these affect critical time
values for the CSMA/CD access method. These maxima in terms of propaga-
tion times, were derived from- the physical configuration model described
here. The maximum configuration is as follows:

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

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

(3) Repeater sets are required for segment interconnection. Repeater sets

occupy MAU positions on coax segments and count toward the maximum
number of MAUs on a coax segment. Repeater sets may be located in any
MAU position on a coax segment but shall only be located at the ends of a link
segment.

(4) The maximum length, between driver and receivers, of an AUI cable is
50 m. The propagation velocity of the AUI cable is assumed to be 0.65 ¢ mini-
mum. The maximum allowable end-to-end delay for the AUI cable is 257 ns.
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Fig 88
Coaxial Tap Connector Configuration Concepts
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Fig 89
Typical Coaxial Tap Connection Circuit
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(5) The maximum transmission path permitted between any two stations is
five segments, four repeater sets (including optional AUIs), two MAUSs, and
two AUIs. Of the five segments a maximum of three may be coax segments;
the remainder are link segments.

set joining them is no uired (see Fig 8-14). End-to-end jitter, pgi 1, ad at-
tion requirements shall still be met.

The maximum transmission path consists of 5 segments, 4 repeater sets
(with AUIs), 2 MAUSs, and 2 AUIs (see Fig 8-10). The total number of segments
equals the number of link segments plus the number of coax segments.df there
are two link segments on the transmission path, there may be a maximum of
three coax segments on that path, If there are no link segments on.a transmis-
sion path, there may be a maximum of three coax segments on that path given
current repeater technology.

Figures 8-11, 8-12, 8-13, and 8-14 show transmission systems of various
sizes to illustrate the boundary conditions on topologies-génerated according to
the specifications in this section.

8.6.2 Transmission System Requirements

8.6.2.1 Cable Sectioning. The 500 m (1640 ft) maximum length coaxial
cable segment need not be made from a single; homogeneous length of cable.
The boundary between two cable sections (joined by coaxial connectors: two
male plugs and a barrel) represents a signal reflection point due to the
impedance discontinuity caused by the batch-to-batch impedance tolerance of
the cable. Since the worst-case variation from 50 Q is 2 Q, a possible worst-
case reflection of 4% may result from the joining of two cable sections. The
configuration of long cable segments (up to 500 m) from smaller sections must
be made with care. The following recommendations apply, and are given in
order of preference:

(1) If possible, the total segment should be made from one homogeneous (no
breaks) cable. This is feasible for short segments, and results in minimal re-
flections from cable impedance discontinuities.

(2) If cable segments are built up from smaller sections, it is recommended
that all sections come from the same manufacturer and lot. This is equivalent
to using a single cable, since the cable discontinuities are due to extruder
limitations, and not extruder-to-extruder tolerances. There are no restric-

Fig 8-10
Maximum Transmission Path
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Fig 8-11
Minimal System Configuration
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An Example of a Large Point-to-Point
Link System (5140 ns)

tions in cable sectioning if this method is used. However, if a cable section in

from the same manufacturer and lot, or with one of the standard lengths de-
scribed below.

(3) If uncontrolled cable sections must be used in building up a longer seg-
ment, the lengths should be chosen so that reflections, when they occur, do not
have a high probability of adding in phase. This can be accomplished by using
lengths that are odd integral multiples of a half wavelength in the cable at
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5 MHz; this corresponds to using lengths of 23.4 m, 70.2 m, and 117 m (+ 0.5 m)
for all sections. These are considered to be the standard lengths for all cable
sections. Using these lengths exclusively, any mix or match of cable sections
may be used to build up a 500 m segment without incurring excessive reflec-
tions.

NOTE: IT cable segments are to be added to existing installations, then care shall be taken (explicit_|

physical or TDR measurements) to ensure that no more than a 500 m cable segment results.

(4) As a last resort, an arbitrary configuration of cable sections may be em-
ployed, if it has been confirmed by analysis or measurement that the worst-
case signal reflection due to the impedance discontinuities at any point,on the
cable does not exceed 7% of the incident wave when driven by a MAU meeting
these specifications.

8.6.2.2 MAU Placement. MAU components and their associated connec-
tions to the cable cause signal reflections due to their noninfinite bridging
impedance. While this impedance shall be implemented‘as specified in Sec-
tion 7, placement of MAUs along the coaxial cable must-also be controlled to
ensure that reflections from the MAU do not add in‘phase to a significant de-
gree.

Coaxial cables marked as specified in 8.4.2.2 have marks at regular 2.5 m
spacing; a MAU shall only be placed at a mark on the cable. This guarantees
both a minimum spacing between MAUs of 2.5 m, and controlling the relative
spacing of MAUs to ensure nonalignment on fractional wavelength bound-
aries.

The total number of MAUs on a cable segment shall not exceed 100.

8.6.2.3 Trunk Cable System Grounding. The shield conductor of each
coaxial cable segment shall make electrical contact with an effective earth
reference (see Annex) at one point and shall not make electrical contact with
earth elsewhere on such objects as building structural metal, ducting, plumb-
ing fixture, or other unintended conductor. Insulators may be used to cover
any coaxial connectors used to join cable sections and terminators, to ensure
that this requirement is met. A sleeve or boot attached at installation time is
acceptable.

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

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

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

(1) Data rate capability in Mb/s ,
(2) Power level in terms of maximum current drain
(3) Safety warning (for example, shock hazard)

8.7 Environmental Specifications
8.7.1 General Safety Requirements. All stations meeting this standard
shall conform to one of the following IEC Publications: 380 [5], 435 [6], or 950 [8].
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8.7.2 Network Safety Requirements. This section sets forth a number of
recommendations and guidelines related to safety concerns, the list is neither
complete nor does it address all possible safety issues. The designer is urged
to consult the relevant local, national, and international safety regulations to
ensure compliance with the appropriate standards. References [A7] and [A11]

provide additional guidance.

Local area network trunk cable systems as described in this standard are
subject to at least four direct electrical safety hazards during their use. These
hazards are

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

(2) Static charge buildup on local network cables and components.

(3) High-energy transients coupled onto the local network cabling system.

(4) Potential differences between safety grounds to which.various network
components are connected.

These electrical safety hazards, to which all similar cabling systems are
subject, should be alleviated properly for a local network to perform properly.
In addition to provisions for properly handling these faults in an operational
system, special measures must be taken to engure that the intended safety
features are not negated during installation, of a new network or during
modification of an existing network.

Proper implementation of the following. provisions will greatly decrease the
likelihood of shock hazards to persons installing and operating the local area
network.

8.7.2.1 Installations. Sound installation practice, as defined by applicable
local codes and regulations, shall-be followed in every instance in which such
practice is applicable.

8.7.2.2 Grounding. The shield of the trunk coaxial cable shall be effec-
tively grounded at only one point along the length of the cable. Effectively
grounded means permanently connected to earth through a ground connection
of sufficiently low impedance and having sufficient ampacity to prevent the
building up of voltages that may result in undue hazard to connected equip-
ment or to persons.

8.7.2.3 Safety. All portions of the trunk cabling system that are at the same
potential as‘the trunk cable shall be insulated by adequate means to prevent
their contact by either persons or by unintended conductors or grounds. The
insulation employed shall provide the same or greater dielectric resistance to
current flow as the insulation required between the outermost shield of the
trunk cable and the above-mentloned unintended conductors The use of in-

cally and e]ectncally equlvalent to the trunk cable outer msulatlon charac-
teristics and are not removed easily (that is, they shall prevent inadvertent
removal by a system operator).
The MAU shall be so designed that the provisions of 8.7.2.3 and 8.7.2.4 are
not defeated if the connector affixing the AUI cable to the MAU is removed.
Portions of the trunk cabling system that may become live during the dissi-
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pation of a high-energy transient by the cabling system shall also be insulated
as described in 8.7.2.3.

8.7.2.4 Breakdown Path. MAUs meeting this standard should provide a
controlled breakdown path that will shunt high-energy transients to an effec-
tive ground either through a separate safety ground connection or through the

overall shield of the branch cable. The breakdown voltage of this controlled
breakdown path must meet the isolation requirements for the MAU specified
in 8.3.2.1.

8.7.2.5 Isolation Boundary. The isolation boundary between the branch
cable and trunk cable specified in 8.3.2.1 shall be maintained to properly ‘meet
the safety requirements of this standard.

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

8.7.2.6 Installation and Maintenance Guidelines

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

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

(3) At no time should the shield of any portion of the coaxial trunk cable to
which an MAU 6r\MAUs are attached be permitted to float without an effective
ground connection. If a section of floating cable is to be added to an existing
cable system; the installer shall take care not to complete the circuit between
the shield of the floating cable section and the grounded cable section through
body contact.

(4)_The installation instructions for network components shall contain
language which familiarizes the installer with the cautions mentioned in the
above paragraphs.

(5) Network components shall contain prominent warning labels that refer

installers and service personnel to the safety notes in the installation in-
structions.
8.7.3 Electromagnetxc Environment
8.7.3.1 Susceptibility Levels. Sources of interference from the environ-
ment include electromagnetic fields, electrostatic discharge, transient volt-
ages between earth connections, and similar interference. Multiple sources of
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interference may contribute to voltage build-up between the coaxial cable and
the earth connection of a DTE.

The physical channel hardware shall meet its specifications when operat-
ing in either of the following conditions:

(1) Ambient plane wave field of 2 V/m from 10 kHz through 30 MHz, 5 V/m

rom Z thro Z.
NOTE: Levels typically 1 km from broadcast stations.

(2) Interference voltage of 1 V/ns peak slope, between coaxial cable shield
and DTE earth connection; for example, 15.8 V peak for a 10 MHz sine wave
with a 50 Q source resistance. )

MAUSs meeting this standard should provide adequate rf groundGreturn to
satisfy the referenced EMC specifications.

8.7.3.2 Emission Levels. The physical MAU and trunk cable system shall
comply with applicable local and national codes such as FCC-Docket 20780-
1980 [A13] in the USA. Equipment shall comply with local*and national re-
quirements for limitation of electromagnetic interference. Where no local or
national requirements exist, equipment shall comply with CISPR Publication
2211

8.7.4 Temperature and Humidity., The MAU and associated connec-
tor/¢able systems are expected to operate overya reasonable range of environ-
mental conditions related to temperature,“humidity, and physical handling
such as shock and vibration. Specific requirements and values for these pa-
rameters are considered to be beyond the’ scope of this standard. Manufactur-
ers are requested to indicate in the literature associated with the MAU (and on
the MAU if possible) the operating environment specifications to facilitate
selection, installation, and maintenance of these components. See reference
[A12] for specification terminology.

8.7.5 Regulatory Requirements. The design of MAU and medium compo-
nents should take intdtconsideration applicable local or national require-
ments. See references [A7], [A8], [A9], [A10], [A11], and [A13] and Appendix A
for helpful resource material.8

8 Appendix A proyvides useful system guidelines on delays and bit budgets.
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9. Repeater Unit

9.1 Repeater Set and Repeater Unit Specification. The repeater concepts de-
scribed throughout this section are considered to be an acceptable set of specifi-
cations for a multirepeatered system. It is noted that the exact parametric val-
ues specified are subject to minor refinement.?

9.1.1 Basic Repeater Set Configuration. Repeater sets (see Figs 9-1 and 9-2)
are used to extend the network length and topology beyond that which could be
achieved by a single coaxial segment as defined in 8.6. If.the repeater set uses
discrete MAUSs connected by way of AUIs to a repeater unit, the MAUSs shall be
Basic MAUs. A manufacturer may, if desired, integrate one or both MAUs
into a single package with the repeater unit. In all cases the MAU portion of the
repeater set shall be counted toward the maximum number of MAUSs on each
segment as specified in 8.6. A maximum of four repeater sets may be in the
signal path between any two stations on the network.

Fig 9-1
Repeater Set, Coax-to-Coax Configuration

BASIC COAX SEGMENT
MAU

AUl (OPTIONAL)

REPEATER
UNIT

AUI (OPTIONAL)

l Bsc | COAX SEGMENT

PE—v—

9IMPORTANT NOTE: Section 9 (Repeater Unit) of this standard is undergoing revision. DIS
8802-3/DAD 3 is intended to replace Section 9 and represents a substantial revision. See reference
[A5].
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Fig 9-2
Repeater Set, Coax-to-Link Configuration

9.1.2 Data Propagation
9.1.2.1 Signal Regeneration
9.1.2.1.1 Signal Amplification. The repeater set (with its associated or
integral MAUs) shall ensure that the amplitude characteristics of the signals
at the MAU-outputs of the repeater set are within the tolerance of the specifica-
tion for’MAU outputs in 8.3. Therefore, loss of signal due to cable loss and
noise pickup is restored at the output of the repeater set.
0 9.1.2.1.2 Signal Symmetry. The repeater set shall ensure that the sym-
metry characteristics of the signals at the MAU outputs of the repeater set are
within the tolerance of the specification for MAU outputs in 8.3. Therefore, any

9.1.2.1.3 Signal Retiming. The repeater unit shall ensure that the en-
coded data output from the repeater unit is within the jitter tolerance of a
transmitting DTE. Therefore jitter cannot accumulate over multiple seg-

ments.
9.1.2.2 Carrier Sense and Data Repeat. The repeater set shall implement
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the carrier sense function for both cables to which it is connected. Upon de-
tection of carrier from one segment, the repeater set shall repeat all received
signals from that segment on to the other segment.

9.1.2.3 Preamble Insertion. The repeater unit shall output at least 56 bits of
preamble followed by the start frame delimiter.

9.1.2.4 Data Propagation Delays. The data propagation delay for a re-
peater unit is complicated by the bit insertion requirement. The data
propagation delay is specified in terms of the first-bit-in to the first-bit-out and
the last-bit-in to the last-bit-out. See Table 9-1.

The first-bit-in to first-bit-out delay for the repeater unit is the time between
the assertion of the input Signal=CD on the repeated-from side to theassertion
of the output Signal=CD on the repeated-to side. The input to output delay for the
repeater unit shall be less than or equal to 7.5 bit times.

The last-bit-in to last-bit-out delay for the repeater unit is the’time between
the assertion of the input_idle Signal to the assertion of the output_idle Signal.
The last-bit-in to last-bit-out delay shall be no greater than 9bit times over the
first-bit-in to first-bit-out delay without consideration) of timing variations
attributable to differences between input and output clocked data frequencies.

9.1.2.5 Fragment Extension. If the signal being repeated is less than 96
bits in length including preamble, the repeater unit shall extend the signal
with artificial data (generated by the repeater.unit) such that the total number
of bits output from the repeater unit shall equal 96. The data sent to perform the
extension may have any value except SFD.

9.1.3 Collision Detection and Jam Generation.

9.1.3.1 Collision Presence. The repeater set shall implement the collision
presence function as specified.in8.2.1.3 for both segments to which it is con-
nected.

9.1.3.2 Jam Generation. If collision is detected on the side to which the re-
peater set is transmitting, the repeater set shall transmit a Jam signal to both
of the segments to which it is connected. The Jam signal shall be transmitted
in accordance with the repeater unit state diagram in Fig 9-3.

'
\

Table 9-1
Repeater Set and Repeater Unit Specification

" Description , " RepeaterUnit ~ RepeaterSet
L input 1, 2 to output 21 1.5 btk 22.65 bt
input_idle 1, 2 to output_idle 2, 1 12.5 bt 18.65 bt
SQE to sourced output 6.5 bt 32.15 bt
Preamble Replacement min = 56 bits

*bt = bit time
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POWER: ON

—i

SIDE 1
REPEATER UNIT
o JBLE L SIDE 2
HB1 INPUT 2 INPUT 1 HB2
REPEAT REPEAT
LTl DATATO 2
SQE 1 SQE 2
INPUT_IDLE2+98 SOURCE INPUT_IDLE1+36,,
INPUT_IDLE2+96 LA ' (NPUT_IDLE1s96,,
SQE1 > < SQE2
FINISH SOURCE COLLISION GONE?2 SOURCE FINISH
JSENoNeTO 1 f L DATATO 1 ... =96, |... paaro2. .l | SENDING 70 2,
COLLISION GONE
*
DONE INPUT_IDLE2+96 2 NpUT IDLE1+96,, DONE
CHECK CHECK
..... SQEHBY, .. oL SQEHB2
.. ERROR,
HB1 [ l HB1 © HB2 | | HB2
Fig 9-3
Repeater Unit State Diagram

9.1.8.8 Collision-Jam Propagation Delays. The collision propagation de-
lay is the period of time between the assertion of the SQE Signal and the first bit
of Jam output. The SQE assert to Jam Output delay of the repeater unit shall be
less than or equal to 6.5 bit times.

914 Test Functions

9.1.4.1 Jabber. The MAU functionality of the repeater set shall include the
Jabber function as described in 8.2.

9.1.4.2 SQE Test. The MAU functionality of the repeater set shall include

—the- SQE-TFestfunctiomasdescribed-in8:2:
92 Repeater Unit State Diagram Input and Output Definitions (see Fig 9-3).
The subscripts 1 and 2 are used on all the inputs and outputs of the repeater unit
state diagram. The subscripts are in reference to the two AUIs on the repeater
unit. For example, the repeater unit has two inputs designated input_idle: one
on side 1 and one on side 2.
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Signal Name /0 Description
input_idle input As specified in 7.2
input input As specified in 7.2
output input As specified in 7.2
SQE input Signal Quality Error as specified in 7.2
Collision_Gone input As specified in Fig 9-4
96 input As specified in Fig 9-5
Done input Signal generated internally by the

repeater unit indicates that it has output
all the bits of the repeated signal

HB input SQE Test pass/fail indication ‘a8 specified

in the Carrier Sense State Diagram in PLS
HB = pass
HB = fail

idle output Output while in idle state. Used as an input
by the state diagrams for Collision_Gone
and 96.

1 POWER ON — POWER ON
COLLISION-GONE comr =0
96
COUNT < 96
OUTPUT (AS DEFINED)
SQE
COLLISION_GONE IDLE COUNT = COUNT +1 IDLE
............................. -
COUNT = 96
&
_|COLLISION__.GONE COUNT DONE
............................. —
l
Fig 94
Collision_Gone \ Fig 95
State Diagram 96 State Diagram

LA |
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10. Medium Attachment Unit and Baseband Medium
Specifications, Type 10BASE2

10.1 Scope
10.1.1 Overview. This standard defines the functional, electrical, and me-
chanical characteristics of the Medium Attachment Unit (MAU) and one

specific medium for use with local area networks. The relationship of this
specification to the entire CSMA/CD Local Area Network Specification is

shown in Fig 10-1.
The purpose of the MAU is to provide a simple;)inexpensive, and flexible

Fig 10-1°
Physical Layer Partitioning;
Relationship to the ISO Open System
Interconnection (OSI) Reference Model
osl LAN
REFERENCE MODEL CSMA/CD
LAYERS LAYERS
APPLICATION
HIGHER LAYERS
PRESENTATION ; e
/| LOGICAL LINK CONTROL |
‘ MAC \__pre | DTE
(>Satk MEDIA ACCESS CONTROL (AUI not
s # PLS exposed)
TRANSPORT PHYSICAL SIGNALING
NETWORK Al
DATA LINK
’ — MAU
PHYSICAL _
— mDI
£

ATTACHMENT UNIT INTERFACE

AUl =

MAU = MEDIUM ATTACHMENT UNIT

MDI . = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT
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means of attaching devices to the local area network medium. This standard
defines a means of incorporating the MAU function within the DTE and
bringing the trunk coaxial cable directly to the DTE, Interconnection of DTE
units is easily achieved by the use of industry standard coaxial cables and

_ BNC connectors.

This MAU and medium specification is aimed primarily at applications
where there are a relatively small number of devices located in a work areat
Installation and re-configuration simplicity is achieved by the type of cable
and connectors used. An inexpensive implementation is achieved by'elimi-
nating the MAU and Attachment Unit Interface (AUI) as separate components
and using widely available interconnection components.

10.1.1.1 Medium Attachment Unit (normally contained within the data
terminal equipment [DTE]). The MAU has the following general character-
istics:

(1) Enables coupling the PLS to the explicit baseband (coaxial transmission
system defined in this section of the standard.

(2) Supports message traffic at a data rate of 10 megabits per second (Mb/s).

(3) Provides for driving up to 185 m (600 ft).coaxial trunk cable segment
without a repeater.

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

(5) Supports system configurations using -the CSMA/CD access mechanism
defined in the ISO [IEEE] Local Area Network Specification.

(6) Supports a bus topology interconnection means.

(7) Supports low-cost capability by incorporating the MAU function within
the physical bounds of the DTE, thereby eliminating the need for a separate AU
connector and cable but containing the remaining AU interface functional-
ity.

10.1.1.2 Repeater Unit. The Repeater Unit is used to extend the physical
system topology and-provides for coupling two or more coaxial trunk cable
segments. Multiple Repeater Units are permitted within a single system to
provide the maximum trunk cable connection path specified in 10.7. The re-
peater is not @ DTE and therefore has slightly different attachment require-
ments.

10.1.2 Definitions. This section defines the specialized terminology appli-
cable to-MAUSs and Repeater Units.

Attachment Unit Interface (AUI). In a local area network, the interface be-
tween the Medium Attachment Unit (MAU) and the data terminal equlpment
within a data station.

baseband coaxial system. A system whereby information is directly encoded
and impressed on the coaxial transmission medium. At any point on the
medium only one information signal at a time can be present without dis-
ruption.

carrier sense. In a local area network, an ongoing activity of a data station to
detect whether or not another station is transmitting.

14
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NOTE: A collision presence signal is provided by the PLS to the PMA sublayer to indicate that one
or more stations are currently transmitting on the trunk coaxial cable.

coaxial cable section. A single length of coaxial cable terminated at each end
with a BNC male connector. Cable sections are joined to other cable sections

via BNC plug/receptacle barrel or Type T adapters.

coaxial cable segment. A length of coaxial cable made up from one or more
coaxial cable sections and coaxial connectors, terminated at each end in its
characteristic impedance.

collision. An unwanted condition that results from concurrent transmission
on the physical medium.

collision presence. A signal provided by the PLS to the PMA sublayer (within
the Data Link Layer) to indicate that multiple stations are contending for ac-
cess to the transmission medium.

Medium Attachment Unit (MAU). In a local area network, a device used in a
data station to couple the data terminal equipment (DTE) to the transmission
medium.

Medium Dependent Interface (MDI). The mechanical and electncal interface
between the trunk cable medium and the MAU:

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

Physical Signaling Sublayer (PLS). The portion of the Physical Layer, con-
tained within the DTE, that provides the logical and functional coupling be-
tween MAU and Data Link Layers.

repeater. A device used to extend the length, topology, or interconnectivity of
the physical medium, beyond that imposed by a single segment, up to the
maximum allowable” end-to-end trunk transmission line length. Repeaters
perform the basic-actions of restoring signal amplitude, waveform, and tim-
ing applied to normal data and collision signals.

trunk cable. The trunk coaxial cable system.
NOTE: For additinal definitions, see 8.1.2.
10.1.3 Application Perspective: MAU and Medium Objectives. This section

states the broad objectives and assumptions underlying the specifications de-
fined throughout Section 10 of the standard.

10.1.3.1 Object

(1) Provide the physical means for communication between local network
Data Link entities.

NOTE: This specification covers a portion of the Physical Layer as defined in the OSI Reference
Model and, in addiion, the physical medium itself, which is beyond the scope of the OSI Reference
Model.

(2) Define a physical interface that can be implemented indépendently
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among different manufacturers of hardware and achieves the intended level
of compatibility when interconnected in a common local network.

(3) Provide a communication channel capable of high bandwidth and low bit
error rate performance. The resultant mean bit error rate, at the Physical
Layer service interface, should be less than one part in 107 (on the order of one

part in 108 at the link level).

(4) Provide for ease of installation and service.

(5) Provide for high network availability (ability of a station to gain access
to the medium and enable the Data Link connection in a timely fashion).

(6) Enable low-cost implementations.

NOTE: The figures and numerous textual references throughout the section refer to terminology
associated with the AUI (that is, DO, DI, CI). Since the normal embodiment of theType 10BASE2
configuation does not require an AUI actual existence of the DO, DI, CI cir¢uit may not be re-
quired. Use of this terminology, however, is retained throughout Section 10 for purposes of clarity
and consistency.

10.1.3.2 Compatibility Considerations. All implementations of this base-
band coaxial system shall be compatible at the Medium Dependent Interf'ace
(MDI).

This standard provides one explicit trunk cable medium specification for
the interconnection of all MAU devices. The ‘medium itself, and the func-
tional capability of the MAU, are defined to.provide the highest possible level of
compatibility among devices designed by different manufacturers. De-
signers are free to implement circuitry>within the MAU in an application-de-
pendent manner provided the MDI specifications are satisfied.

10.1.3.3 Relationship to PLS and AUL This section defines the Primary
Physical Layer for the local area-network, a layer comprised of both the physi-
cal medium and the rudimentary circuitry necessary to couple a station’s
message path directly to/from the medium. The complete Logical Physical
Layer of the local area hetwork resides within the DTE, Therefore, a close re-
lationship exists between this section and Section 7. This section specifies the
physical medium (parameters, the PMA logical functions residing in the
MAU, and references the signal circuits associated with the AUI as defined in
Section 7.

The design) of a MAU component requires the use of both this section and

parts of the' PLS and AUI specifications contained in Section 7.

10:1.3.4 Mode of Operation. The MAU functions as a direct connection
between the baseband medium and the DTE. Data from the DTE is output to the
coaxial trunk medium and all data on the coaxial trunk medium is input to
the DTE.

10.2 References. References to such local or national standards that may be
useful resource material for the reader are identified and located in the An-
nex at the end of this book.

10.3 MAU Functional Specifications. The MAU component provides the

means by which signals on the three AUI signal circuits to/from the DTE and
their associated interlayer messages are coupled to the single coaxial cable
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baseband signal line. To achieve this basic objective, the MAU component
contains the following functional capabilities to handle message flow between
the DTE and the baseband medium:

(1) Transmit Function, The ability to transmit serial data bit streams on the
baseband medium from the local DTE entity to one or more remote DTE enti-

ties on the same network.

(2) Receive Function. The ability to receive serial data bit streams over the
baseband medium.

(3) Collision Presence Function. The ability to detect the presence of two-or
more stations’ concurrent transmissions.

(4) Jabber Function. The ability to automatically interrupt the Fransmit
Function and inhibit an abnormally long output data stream.

10.3.1 MAU Physical Layer Functional Requirements

10.3.1.1 Transmit Function Requirements. At the.start of a frame
transmission on the coaxial cable, no more than 2 bits (2 full bit cells) of
information may be received from the DO cir¢uit and not transmitted onto the
coaxial medium. In addition, it is permissible for the\first bit sent to contain
invalid data or timing; however, all successive bits of the frame shall be
reproduced with no more than the specified amount of jitter. The 4th bit cell
shall be carried from the DO signal line and transmitted onto the coaxial
trunk cable medium with the correct timing and signal levels. The steady-
state propagation delay between the DO circuit receiver input and the coaxial
cable output shall not exceed 1/2 bit céll. There shall be no logical signal in-
versions between the branch cable DO"circuit and the coaxial trunk cable (for
example, a “high” logic level input'to'the MAU shall result in the less negative
current flow value on the trunk coaxial medium). A positive signal on the A
signal lead of the DO circuit shall result in a more positive voltage level on the
trunk coaxial medium. It-is assumed that the AUI shall provide adequate
protection against noise.\It is recommended that the designer provide an im-
plementation in which a minimum threshold signal is required to establish a
transmit bit stream:.

The Transmit Function shall output a signal on the trunk coaxial medium
whose levels-and waveform comply with 10.4.1.3.

In addition; when the DO circuit has gone idle after a frame is output, the
MAU shall then activate the Collision Presence Function as close to the trunk
coaxial\cable as possible without introducing an extraneous signal on the
trunk.coaxial medium. The MAU shall initiate the Collision Presence state
within 0.6 ps to 1.6 us after the Qutput Idle signal (Wait_Timer_Done in Fig
10-2) and shall maintain an active Collision Presence state for a time equiv-

__—alent t0 10+ 5 bit cells

10.3.1.2 Receive Function Requirements. The signal from the coaxial
trunk cable shall be ac¢ coupled before reaching the receive DI circuit. The Re-
ceive Function shall output a signal onto the DI circuit that complies with the
specification for drivers in MAUs (7.5).
At the start of a frame reception from the coaxial cable, no more than 5 bits (5
full bit cells) of information may be received from the coaxial cable and not
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PowerOn
OUTPUT lDLE .......... OQutput — l.............. OUTPUT .............
® disable_driver ~ ® enable_driver
® mau_available ® mau_available
(if no_collision) (if no_collision)
® SQE (if Collision) ® SQE (if Collisior)
output.lidle
V
SQE. TEST WAIT
@ {gtart wait_timer
®. disable_driver
® SQE (if Collision)
® mau_available
test_timer_done (if ﬂO_CO'}"SIOn)
wait_timer_done
SQE TEST ucT START TEST TIMER
® disable_driver ‘ ® disable_driver
® SQE ® SQE (if Collision)

©®  start test_timer

(UCT = unconditional transition)
(Wait_Timer_Done is specified in 10.3.1.1)

Fig 10-2

MAU Interface Function

transmitted onto the receive DI circuit. In addition, it is permissible for the
first bit sent over the receive circuit to contain invalid data or timing; how-
ever, all successive bits of the frame shall reproduce the incoming signal with
no more than the amount of jitter specified below. This implies that the 7th bit
cell presents valid data to the PLS. The steady-state propagation delay between
the coaxial cable and the receive DI circuit output shall not exceed 1/2 bit cell.
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There are no logical signal inversions between the coaxial (trunk) cable and
the MAU receive circuit.

A MAU meeting this specification shall exhibit edge jitter into the DI pair
when terminated in the appropriate test load specified in 7.4.1.1, of no more
than 7.0 ns in either direction when it is installed on the distant end of all

Tengths up to 185 m (600 ft) of the cable specified in 10.5.1.1 through 10.5.2.1.5
terminated at both ends with terminators meeting the impedance require-
ments of 10.6.2.1 and driven at one end with pseudorandom Manchester en-
coded binary data from a data generator that exhibits no more than 1.0 ns.of
edge jitter in either direction on half bit cells of exactly 1/2 BT and whose
output meets the specifications of 10.4.1.3 except that the rise time of-the signal
shall be 30 ns + 0, —~ 2 ns. The combination of coaxial cable and MAU receiver
introduce no more than 6 ns of edge jitter into the system.

The local Transmit and Receive Functions shall operate simultaneously
while connected to the medium.

10.3.1.8 Collision Presence Function Requiremients. The signal pre-
sented to the CI circuit in the absence of a collision shallbe the IDL signal.

The signal presented to the CI circuit during the presence of a collision shall
be the CSO signal, a periodic waveform at the nominal 10 MHz BR + 25%, — 15%
with the pulse width no less than 35 ns and no greater than 70 ns at the zero
crossing points. This signal shall be presented-to the CI circuit no more than 9
bit times after the signal (that is, dc average) on the coaxial cable at the MAU
equals or exceeds that produced by two/(or more) MAU outputs transmitting
concurrently under the condition that-the MAU detecting collision presence is
transmitting. Under no conditions’ shall the Collision Presence Function
generate an output when only one MAU is transmitting. A MAU, while not
transmitting, may detect the presence of two other MAUSs transmitting and
shall detect the presence of more than two other MAUs transmitting. Table
10-1 summarizes the allowable conditions under which collisions shall be de-
tected. :

The collision presence function. may, in some implementations, be able to
sense an abnormal (for example, open) medium.

The use of MAUs in repeaters requires additional considerations; see
10.4.1.5.

Table 10-1
Generation of Collision Presence Signal

<2
Transmitting N Y Y
Not transmitting N May Y
Y = will generate SQE message
N = will not generate SQE message
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10.3.1.4 Jabber Functional Requirements. The MAU shall contain the
capability as defined in Fig 10-3 to interrupt a transmission from a DO circuit
that exceeds a time duration determined by the MAU. This time duration shall
not be less than 20 ms nor more than 150 ms. If the frame being transmitted
continues longer than the specified time duration, the MAU shall inhibit

transmission and assume its not-transmitting state on the coaxial cable.

When the Transmit Function has been positively disabled, the MAU shall
then activate the Collision Presence Function without introducing an extra-
neous signal on the trunk coaxial medium. A MAU may reset the Jabber-and
Collision Presence Functions on power reset once the error condition has been
cleared. Alternately, a MAU may reset these functions automatically after a
period of 0.5 s + 50%. '

10.3.2 MAU Interface Messages

10.3.2.1 DTE to MAU Messages. The following messages’can be sent by

the DTE Physical Layer (PLS Sublayer) Entities to the MAU. Entities:

Message Circuit Signal Meaning
output DO CD1, CDO0 Output information
output_IDL DO IDL No data to be output

10.3.2.2 MAU to DTE Messages. The following messages can be sent by
the MAU Physical Layer Entities to the"DTE Physical Layer Entities:

Message Circuit Signal Meaning

input DI CD1,CDo* Input information

input_idle DI IDL No information to be
input

mau_available CI IDL MAU is available for
output

SQE CI CSo Error detected by MAU

* It is assumed that no retiming of these clocked data signals takes place within the MAU.

10:3.2.2.1 input Message. The MAU sends an input message to the DTE
Physical Layer when the MAU has a bit of data to send to the DTE. The physi-
cal realization of the input message is a CD0 or CD1 sent by the MAU to the
DTE on the Data In circuit. The MAU sends CDQ if the input bit is a zero or CD1
if' the input bit is a one. No retiming of the CD1 or CDO signals takes place
within the MAU.

10.3.2.2.2 input_idle Message. The MAU sends an input_idle message

to the DTE Physical Layer when the MAU does not have data to send to the

DTE. The physical realization of the input_idle message is the IDL signal
sent by the MAU to the DTE on the Data In circuit.

10.3.2.2.3 mau_available Message. The MAU sends the mau_available

message to the DTE Physical Layer when the MAU is available for output. The

150



https://standardsiso.com/api/?name=bcf4aa968eb3b5a85ae0935056d4d530

	1.1 Overview
	1.1.1 Basic Concepts
	1.1.2 Architectural Perspectives

	1 J.3 Layer Interfaces
	1.1.4 Application Areas
	General Description of Services Provided by the Layer

	Elements of the MAC Frame
	3.2.6 Length Field
	Data and PAD Fields
	Frame Check Sequence Field
	Relationships to LLC Sublayer and Physical Layer
	CSMMCD Access Method Functional Capabilities
	Frame Transmission Model
	4.2.5 Preamble Generation
	Start Frame Sequence
	4.2.7 Global Declarations
	4.2.9 Frame Reception

	Detailed Service Specification
	Peer-to-Peer Service Primitives
	6.3.2 Sublayer-to-Sublayer Service Primitives
	7.1.1 Definitions
	Summary of Major Concepts
	7.1.3 Application
	Modes of Operation
	Allocation of Function

	7.2 Functional Specification
	PLS-PMA (DTE-MAU) Interkace Protocol
	AU1 Cable Characteristics
	Definition of Interchange Circuits
	7.6.3 Contact Assignments
	8.1.2 Definitions

	MAU Functional Specifications
	MAU Physical Layer Functions
	MAU Interface Messages

	8.3 MAU-Medium Electrical Characteristics
	8.3.1 MAU-to-Coaxial Cable Interface
	MAU Electrical Characteristics
	8.3.3 MAU-DTE Electrical Characteristics
	MAU-DTE Mechanical Connection

	Characteristics of the Coaxial Cable
	Coaxial Cable Electrical Parameters
	Coaxial Cable Properties
	Total Segment DC Loop Resistance

	Coaxial Trunk Cable Connectors
	8.5.1 Inline Coaxial Extension Connector
	8.5.2 Coaxial Cable Terminator
	8.6.3 Labeling

	8.7 Environmental Specifications
	8.7.1 General Safety Requirements
	Network Safety Requirements
	8.7.3 Electromagnetic Environment
	Temperature and Humidity

	Service Specification Relation to the LAN Model
	Address Field Format
	dia Access Control Functions
	ense Function

	Maximum Coaxial Cable Transfer Impedance
	Coaxial Tap Connector Configuration Concepts
	Typical Coaxial Tap Connection Circuit
	Paths

	An Example of a Large Point-to-Point Link System (5140 ns)
	Repeater Set Coax-to-Coax Configuration
	Repeater Set Coax-to-Link Configuration
	Repeater Unit State Diagram
	Fig 9-4 Collision-Gone State Diagram
	96 State Diagram
	System Interconnection (OSI) Reference Model

	Jabber Function State Diagram
	Driver Current Signal Levels
	Coaxial Trunk Cable Waveform
	Maximum Coaxial Cable Transfer Impedance
	Examples of Insulated Connector Cover
	Maximum Transfer Path
	Fig 10-11 An Example of a Large Hybrid System
	Generation of Collision Presence Signal
	Table 10-1 Generation of Collision Presence &pal
	Additional Reference Material
	B State Diagram MAC Sublayer
	Application Context Selected Medium Specifications
	Maximal System Configuration Bit Budget Apportionments
	Typical Signal Waveforms
	Worst-Case Signal Waveform Variations
	Receive Component State Diagram
	Table B1 Transmit Component State Transmission
	Table B2 fieceive Component State Transmission

