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

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE 
Standard does not imply that there are no other ways to produce, test, 
measure, purchase, market, or provide other goods and 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 doc- 
ument 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 in- 
terested party, regardless of membership affiliation with IEEE. Sugges- 
tions for changes in documents should be in the form of a proposed change 
of text, together with appropriate supporting comments. 

Interpretations: Occasionally questions may arise regarding the mean- 
ing 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 action to prepare appropriate responses. Since IEEE 
Standards represent a consensus of all concerned interests, it is important 
to ensure that any interpretation 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 response to interpretation 
requests except in those cases where the matter has previously received 
formal consideration. 

Comments on standards and requests for interpretations should be ad- 
dressed to: 

Secretary, IEEE Standards Board 
345 East 47th Street 
New York, NY 10017 
USA 
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Foreword 

(This Foreword is not a part of ANSI/IEEE Std 802.3a,b,c,e-1988, Supplements to Carrier Sense Multiple 
Access with Collision Detection (CSMA/CD) Access Method and Physical Layer Specifications.) 

Part I 

These supplements to ANSI/IEEE Std 802.3 are part of a family of standards for 
Local Area Networks (LANs). The relationship between this standard and other mem- 
bers of the family is shown below. (The numbers in the figure refer to IEEE standard 
numbers.) 

802.1 

11 DATA LINK LAYER 

PHYSICAL LAYER 

This family of standards deals with the Physical and Data Link Layers as defined 
by the IS0 Open System Interconnection Reference Model. The access standards define 
three types of medium access technologies and associated physical media, each ap- 
propriate for particular applications or system objectives. The standards defining these 
technologies are: 

(1) ANSI/IEEE Std 802.3-1985 [pending IS0 8802-31, a bus utilizing CSMA/CD as 
the access method, 

(2) ANSI/IEEE Std 802.4-1985 [pending IS0 8802-41, a bus utilizing token passing 
as the access method, 

(3) ANSI/IEEE Std 802.5-1985 [pending IS0 8802-51, a ring utilizing token passing 
as the access method. 

ANSI/IEEE Std 802.2-1985 [pending IS0 8802-21, the Logical Link Control standard, 
is used in conjunction with the medium access standards. 

IEEE P802.1 describes the relationship among these standards and their relation- 
ship to the IS0 Open Systems Interconnection Reference Model in more detail. This 
companion document also will contain networking management standards and in- 
formation on internetworking. The reader of this standard is urged to become familiar 
with the complete family of standards. 
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The local area network access mechanism specified by this standard may 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 numbers 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 access mechanism subject 
in this standard, the IEEE takes no position with respect to patent validity. The Xerox 
Corporation has assured the IEEE that it is willing to grant a license under these 
patents on reasonable and nondiscriminatory 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, CT 06904, USA. 

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 errors, and to incorporate 
new related material. 

Readers wishing to know the state of revisions should contact: 
Secretary 
IEEE Standards Board 
345 East 47th Street 
New York, NY 10017 
USA 

Part I1 

Historical Overview 

It has long been the intent of the IEEE 802.3 Working Group to add new physical 
media sections as the need for such additions was justified. There are, in fact, place- 
holders for Section 10, Baseband Medium Specifications and Section 11, Broadband 
Medium Specifications in ANSUIEEE Std 802.3-1985. It was further recognized at 
the time the initial IEEE 802.3 Standard was developed that Section 9, Repeater Unit, 
was not totally complete and would have to be revised at some future time. 

Within the past few years it has become feasible to consider the use of already 
installed twisted pair wiring, commonly used in the telephone industry, as a basic 
medium for transmission of local area network digital data. A specification has been 
developed to support this type of medium. 

This standard contains four basic supplements to the IEEE 802.3 Standard: 
(1) Section 9, Repeater Unit for 10 Mb/s Baseband Networks, Supplement c 
(2) Section 10, Medium Attachment Unit and Baseband Medium Specifications, 

(3) Section 11, Broadband Medium Attachment Unit and Broadband Medium Spec- 

(4) Section 12, Physical Signaling, Medium Attachment, and Baseband Medium 

Type 10BASE2, Supplement a 

ifications, Type 10BROAD36, Supplement b 

Specifications, Type 1BASE5, Supplement e 
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Relationships to IEEE Standard 802.3, Sections 1-7 

This Supplement standard is intended to be a companion document to ANSI/IEEE 
Std 802.3-1985, with which the reader should be thoroughly familiar. 

It is intended that IEEE Standard 802.3 Sections 1-7 form the base specification 
for all of these supplements. Each specification with a “TYPE” designation is a 
specification for an alternate medium to be used in the CSMA/CD Access Method. 
Therefore, one, and only one, of these medium types may be used in any given 
implementation. It should be noted, of course, that it is possible to interconnect 
different implementations in a hierarchical fashion to satisfy certain application 
requirements (eg, Type 10BASE2 LANs interconnected to a Type 10BASE5 backbone 
LAN, etc). 

The reader should understand that the use of Type lOBASE2, medium per Supple- 
ment a requires utilization of Sections 1-7, 9, 10, and ignores use of Section 8, 11, 
and 12. Similarly, the use of Type 10BROAD36 medium requires use of Sections 1- 
7 and Section 11 and ignores Sections 8,9, 10, and 12. The use of twisted pair medium, 
Type 1BASE5, requires consideration of Sections 1-6 and Section 12, ignoring Sections 

The notation used throughout the IEEE 802.3 Standard family for identifying dif- 
ferent physical layer capabilities is included here for convenient reference and is a 
duplication of Section 1.2.3 of the basic standard. 

1.2.3. Physical Layer and Media Notation. Users of this standard need to ref- 
erence 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 relevant section. In general, 
the Physical Layer type is specified by these fields. 
<data rate in Mb/s> <medium type> <maximum segment length ( X  loom)> 
For example, the standard contains a lOMb/s baseband specification identified as: 
“TYPE 10BASE5”, meaning a lOMb/s baseband medium whose maximum segment 
length is 500 m. Each successive Physical Layer specification will state is own 
unique TYPE identifier along similar lines. 
At the time IEEE Standard 802.3 was first published, a basic decision was made to 

include the definition of a Repeater Unit, even though not all aspects of the Repeater 
Unit itself were completely defined. The decision to do this was made on the basis 
that a comprehensive CSMA/CD system would require a Repeater Unit and a complete 
list of system parameters was essential. In particular, the system parameters having 
to do with various delays throughout the system from DTE to DTE and system jitter 
budgets were essential considerations for complete system design. In summary, the 
overall system budgets were included in the original specification for the Repeater 
Unit; however, the means to achieve them within the Repeater Unit were not com- 
pletely specified. The specifications presented in the 1985 publication were necessary, 
but not sufficient for a complete Repeater Unit implementation. It is believed the 
Repeater Unit specifications contained in this edition of the IEEE 802.3 Standard are 
both necessary and sufficient for a complete Repeater Unit implementation. It is to 
be pointed out that one embodiment of repeater functionality can be implemented 

7-11. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 04:49:39 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: 802.3a,b,c,e-1988 - IEEE Standards for Local Area Networks: Supplements to Carrier Sense Multiple Access with Collision Detection (C...

http://www.avadocuments.com/doc/802-3a-b-c-e-1988-ieee-standards-for-local-area-networks-supplements-to-carrier-sense-multiple-access-with-collision-detection-csma-cd-access-method-and-physical-layer-specifications
http://www.avadocuments.com/doc/802-3a-b-c-e-1988-ieee-standards-for-local-area-networks-supplements-to-carrier-sense-multiple-access-with-collision-detection-csma-cd-access-method-and-physical-layer-specifications


using optical fiber medium. This capability is known as a Fiber Optic Inter Repeater 
Link, and its specifications and performance are very closely related to those of the 
Repeater Unit itself. Section 9.9 of the Repeater Unit makes reference to work now 
under consideration for such an optical inter repeater link. 

The reader should note that several isolated paragraphs throughout Sections 1-7 
make reference to the initial Type 10BASE5 implementation as this was in fact the 
subject of the first 802.3 Standard. The reader is cautioned to read these sections 
“liberally” to permit interpretation and use with media other than Type 10BASE5. 
In most instances, there are no technical specifications involved, rather, comments 
and descriptions relating to the general application and scope of the CSMA/CD Access 
Method. The one section that may contain parameters and values unique to a par- 
ticular implementation are contained in Section 4.2, Allowable Implementations. The 
reader should pay particular attention to any reference to these values when imple- 
menting a specific medium. Those subsections that refer to media dependent state- 
ments in a general way are: 1.1.1 Basic Concepts, and 1.2.3 Physical Layer and Media 
Notation. 

Relationship to IS0 8802-3 
ANSI/IEEE Std 802.3-1985 has been submitted to IS0 JTCl for consideration as 

an international standard. Publication IS0 8802-3 : 1988 [ANSUIEEE Std 802.3-19881 
is pending as a revision of ANSVIEEE 802.3-1985 with editorial and clarification 
changes and without substantive technical changes. The IS0 ANSI/IEEE Standard 
Carrier Sense Multiple Access with Collision Detection specifies the Type 10BASE5 
medium as contained in ANSI/IEEE Std 802.3-1985. The first printing of this joint 
ISO/ANSI/IEEE Standard is expected in 1988 and will supercede the original 1985 
edition. 

The Supplements contained in this IEEE publication have also been submitted to 
IS0 for consideration as addenda to IS0  8802-3. They are not yet, however, fully 
approved as IS0 standards and therefore, are being printed only as IEEE standards 
in a separate publication on an interim basis. It is the intention, when these supple- 
ments are fully approved by IS0 as addenda to 8802-3, that they will be incorporated 
in a single complete edition of joint ISO/ANSI/IEEE CSMA/CD Media Access Spec- 
ifications. 

IEEE 802.3 Related Specifications Under Consideration 

It is anticipated that a few additional media will eventually be added to the basic 
IS0 8802-3 [IEEE 802.31 specification along with the normal revision cycle based on 
practical use and application of the CSMA/CD concepts. 

Part I11 

The addition of these supplements has necessitated several minor changes to the 
base ANSI/IEEE 802.3 standard to accommodate the new media and repeater spec- 
ifications. These additions or revisions are identified below and make the text of the 
published ANSI/IEEE 802.3 standard consistent with these supplements. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 04:49:39 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: 802.3a,b,c,e-1988 - IEEE Standards for Local Area Networks: Supplements to Carrier Sense Multiple Access with Collision Detection (CS...

http://www.avadocuments.com/doc/802-3a-b-c-e-1988-ieee-standards-for-local-area-networks-supplements-to-carrier-sense-multiple-access-with-collision-detection-csma-cd-access-method-and-physical-layer-specifications
http://www.avadocuments.com/doc/802-3a-b-c-e-1988-ieee-standards-for-local-area-networks-supplements-to-carrier-sense-multiple-access-with-collision-detection-csma-cd-access-method-and-physical-layer-specifications


1. Introduction 

1.1.1 Basic Concepts 
[change last sentence to read:] 
This supplementary edition of the standard provides the necessary specifications for 
additional lOMb/s baseband and broadband specifications, 1Mb/s baseband specifi- 
cation, and revised Repeater Unit specification. 

1.1.2.2 
[add to last paragraph:] 
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. 

1.2.1 State Diagram Conventions 
[add to section:] 
Some of the devices described in this standard (repeaters and hubs) are allowed to 
have two or more ports. State diagrams capable of describing the operation of devices 
with an unspecified number of ports, required qualifier notation that allows testing 
for conditions at multiple ports. The notation used is a term that includes a description 
in parentheses of which ports must meet the term for the qualifier to be satisfied (eg, 
ANY and ALL). It is also necessary to provide for term-assignment statements that 
assign a name to a port that satisfies a qualifier. The following convention is used to 
describe a term-assignment statement that is associated with a transition: 
(1) The character Y’ (colon) is a delimiter used to denote that a term assignment 
statement follows. 
(2) The character “e” (left arrow) denotes assignment of the value following the arrow 
to the term preceding the arrow. 

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

The models presented by state diagrams are intended as the primary specifications 
of the functions to be provided. It is important to distinguish, however, between a 
model and a real implementation. The models are optimized for simplicity and clarity 
of presentation, while any realistic implementation may place heavier emphasis on 
efficiency and suitability to a particular implementation technology. It is the func- 
tional behavior of any unit that must match the standard, not its internal structure. 
The internal details of the model are useful only to the extent that they specify the 
external behavior clearly and precisely. 
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1.3 References 
[add to section:] 
(8) IEC Publication 950 (1986), Safety of Information Technology Equipment Including 
Electrical Business Equipment.' 
[add these references:] 
(11) IEC Publication 60 (19731, High Voltage Test Methods.' 
(12) ISO/DIS 8877, Interface Connector and Contact Assignments for ISDN Basic 
Access Interface Located at Reference Points S and T.2 

1.4 Definitions 
The definitions used in this standard are consistent with IS0 2382109, the Infor- 

mation Processing Vocabulary, IPV, Part 09, Data Communication. A more specific 
IPV Part 25 pertaining to LAN systems is in development. 

4. Media Access Control 

4.4.2.1 Parameterized Values 
[add to section:] 
See also DTE Deference Delay in 12.9.2. 

4.4.2.2 Parameterized Values 
[add to section:] 

The following parameter values shall be used for lBASE5 implementations: 

Parameter 
slotTime 
interFrameGap 
attemptLimit 
backofaimit 
jamsize 
maxFrameSize 
minFrameSize 
addresssize 

Value 
512 bit-times 
96 ps 
16 
10 
32 bits 
1518 octets 
512 bits (64 octets) 
48 bits 

See also DTE Deference Delay in 12.9.2. 

WARNING: Any deviation from the above specified values may affect proper op- 
eration of the network. 

4.4.2.3 Parameterized Values. Other implementations under consideration. 

IEC documents are available in the US from the Sales Department, American National Standards In- 
stitute, 1430 Broadway, New York, NY 10018, USA. IEC documents are also available from International 
Electrotechnical Commission, 3 rue de Varembe, Case Postale 131, CH-1211, Geneve 20, Switzerland/ 
suisse. 
IS0 documents are available in the US from the Sales Department, American National Standards In- 

stitute, 1430 Broadway, New York, NY 10018, USA. I S 0  documents are also available from the IS0 office, 
1 rue de Varembe, Case Postale 56, CH-1211, Geneve 20, Switzerland/Suisse. 
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7. Physical Signaling (PLS) and Attachment Unit Interface 
(AUI) Specifications 

7.2.4 PLS Functions 
[add to first paragraph] 
These functions are depicted in the state diagrams shown in Fig 7-3 through 7-8, using 
notation described in 1.2.1. 
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10. Medium Attachment Unit and Baseband Medium 
Specifications, Type lOBASE2 

10.1 Scope 
10.1.1 Overview. This standard defines the functional, electrical, and me- 

chanical characteristics of the Medium Attachment Unit ( M U )  and one specific 
medium for use with local area networks. The relationship of this specification 
t o  the entire ANSVIEEE Std 802.3-1988 Local Area Network Specification is 
shown in Fig 10-1. The purpose of the MAU is to provide a simple, inexpensive, 
and flexible means of attaching devices t o  the local area network medium. This 
is achieved through the use of industry standard coaxial cables and BNC con- 
nectors. 

data terminal equipment [DTE]). The MAU has the following general char- 
acteristics: 

(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 with- 

(4) Permits the DTE to test the MAU and the medium itself 
( 5 )  Supports system configurations using the CSMNCD access mechanism de- 

(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 an Attachment 
Unit Interface (AUI) 

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 seg- 
ments. Multiple Repeater Units are permitted within a single system to provide 
the maximum trunk cable connection path specified in 10.7. The repeater is not 
a DTE and therefore has slightly different attachment requirements. 

10.1.2 Definitions. This section defines the specialized terminology applica- 
ble to MAUs and Repeater Units. 

10.1.1.1 Medium Attachment Unit (normally contained within the 

out a repeater 

fined in the ANSMEEE Std 802.3-1988 Local Area Network Specification 

Attachment Unit Interface (AUI). (Optional) In a local area network, the in- 
terface between the Medium Attachment Unit (MAU) and the data terminal 
unit within a data station. 
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10. Medium Attachment Unit and Baseband Medium 
Specifications, Type lOBASE2 

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 ANSMEEE Std 802.3-1988 Local Area Network Specification is 
shown in Fig 10-1. The purpose of the MAU is to provide a simple, inexpensive, 
and flexible means of attaching devices to the local area network medium. This 
is achieved through the use of industry standard coaxial cables and BNC con- 
nectors. 

data terminal equipment [DTE]). The MAU has the following general char- 
acteristics: 
(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 (Mws) 
(3) Provides for driving up to  185 m (600 ft) coaxial trunk cable segment with- 

(4) Permits the DTE to test the MAU and the medium itself 
(5) Supports system configurations using the CSMNCD access mechanism de- 

(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 an Attachment 
Unit Interface (AUI) 

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 seg- 
ments. Multiple Repeater Units are permitted within a single system to provide 
the maximum trunk cable connection path specified in 10.7. The repeater is not 
a DTE and therefore has slightly different attachment requirements. 
10.1.2 Definitions. This section defines the specialized terminology applica- 

ble to MAUs and Repeater Units. 

10.1.1.1 Medium Attachment Unit (normally contained within the 

out a repeater 

fined in the ANSUIEEE Std 802.3-1988 Local Area Network Specification 

Attachment Unit Interface (AUI). (Optional) In a local area network, the in- 
terface between the Medium Attachment Unit (MAU) and the data terminal 
unit within a data station. 
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LAN: C S W C D  
ANSYZEEE 

Std 802.3a-1988 

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 
disruption. 

carrier sense. In a local area network, an ongoing activity of a data station to 
detect whether or not 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 tmnk coaxial cable. 

coaxial cable section. A single length of coaxial cable terminated a t  each end 
with a BNC male connector. Cable sections are joined to other cable sections via 
BNC plugheceptacle 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 a t  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 t o  the PMA sublayer (within 
the Data Link Layer) t o  indicate that  multiple stations are contending for 
access to the transmission medium. 

Medium Attachment Unit (MAUL In a local area network, a device used in a 
data station t o  couple the data terminal equipment (DTE) t o  the transmission 
medium. 

Medium Dependent Interface (MDI). The mechanical and electrical inter- 
face 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 M'E, 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 t o  the maxi- 
mum allowable end-to-end trunk transmission line length. Repeaters perform 
the basic actions of restoring signal amplitude, waveform, and timing applied t o  
normal data and collision signals. 

trunk cable. The trunk coaxial cable system. 

10.1.3 Application Perspective: MAU and Medium Objectives. This sec- 
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ANSVIEEE 
Std 802.3a-1988 SUPPEMENTS TO 

tion states the broad objectives and assumptions underlying the specifications 
defined throughout Section 10 of the standard. 

10.1.3.1 Object 

Data Link entities. 
NOTE: This specification covers a portion of the Physical Layer as defined in the OS1 Reference 
Model and, in addition, the physical medium itself, which is beyond the scope of the OS1 Reference 
Model. 

(2) Define a physical interface that can be implemented independently among 
different manufacturers of hardware and achieves the intended level of com- 
patibility 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 
10s at the link level). 

(1) Provide the physical means for communication between local network 

(4) Provide for ease of installation and service. 
( 5 )  Provide for high network availability (ability of a station to gain access to  

(6) Enable low-cost implementations. 
the medium and enable the Data Link connection in a timely fashion). 

NOTE: The figures and numerous textual references throughout the section refer to terminology 
associated with the AUI (that is, DO, DI, CD. Since the normal embodiment of the Type lOBASE2 
configuration does not require an AUI, actual existence of the DO, DI, CI circuit may not be 
required. 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 
baseband coaxial system shall be compatible at the Medium Dependent Inter- 
face (MDI). 

This standard provides one explicit trunk cable medium specification for the 
interconnection of all MAU devices. The medium itself, and the functional capa- 
bility of the MAU, are defined to provide the highest possible level of compati- 
bility among devices designed by different manufacturers. Designers are free to 
implement circuitry within the MAU in an application-dependent manner pro- 
vided the MDI specifications are satisfied. 

10.1.3.3 Relationship to PLS and AUI. This section defines the Primary 
Physical Layer for the local area network, 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 resides within the DTE. Therefore, a close relationship exists 
between this section and Section 7. This section specifies the physical medium 
parameters, the PMA logical functions residing in the MAU; and it references 
the signal circuits associated with the AUI as defined in Section 7. 
NOTE: 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  
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the coaxial trunk medium and all data on the coaxial trunk medium is input to 
the DTE. 

10.2 References. References t o  such local or national standards that may be 
useful resource material for the reader are identified and located in the Annex 
at the end of this book. 

10.3 MAU 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 
baseband signal line. To achieve this basic objective, the MAU component con- 
tains 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 t o  one or more remote DTE entities 
on the same network. 

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

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

(4) Jabber Function. The ability to automatically interrupt the Transmit 
Function and inhibit an abnormally long output data stream. 
10.3.1 MAU Physical Layer Functional Requirements 
10.3.1.1 Transmi t  Function Requirements. At the start of a frame 

transmission on the coaxial cable, no more than 2 bits (2 full bit cells) of infor- 
mation may be received from the DO circuit and not transmitted onto the coax- 
ial medium. In addition, i t  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 ex- 
ceed 112 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 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. I t  is rec- 
ommended 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 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 
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coaxial medium. The MAU shall initiate the Collision Presence state within 0.6 
ps to 1.6 ps after the Output Idle signal (Wait-Timer-Done in Fig 10-2) and 
shall maintain an active Collision Presence state for a time equivalent to 10 f 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 
transmitted onto the receive DI circuit. In addition, it is permissible for the first 
bit sent over the receive circuit to contain invalid data or timing; however, all 
successive bits of the frame shall reproduce the incoming signal with no more 
than the amount of jitter specified below. This implies that the 7th bit cell 
presents valid data to the PLS. The steady-state propagation delay between the 
coaxial cable and the receive DI circuit output shall not exceed 1/2 bit cell. 
There are no logical signal inversions between the coaxial (trunk) cable and the 
MAU receive circuit. 

A MAU meeting this specification shall exhibit edge jitter into the DI pair 
when terminated in the appropriate test load specified in 7.4.1.1, of no more 
than 7.0 ns in either direction when it is installed on the distant end of all 
lengths up to 185 m (600 f't) of the cable specified in 10.5.1.1 through 10.5.2.1.5 
terminated at both ends with terminators meeting the impedance requirements 
of 10.6.2.1 and driven at one end with pseudorandom Manchester encoded bi- 
nary data from a data generator that exhibits no more than 1.0 ns of edge jitter 
in either direction on half bit cells of exactly 1/2 BT and whose output meets the 
specifications of 10.4.1.3 except that the rise time of the signal shall be 30 ns 
+ 0, -2 ns. The combination of coaxial cable and MAU receiver introduce no 

more than 6 ns of edge jitter into the system. 
The local Transmit and Receive Functions shall operate simultaneously while 

connected to the medium. 
10.3.1.3 Collision Presence Function Requirements. The signal pre- 

sented to the CI circuit in the absence of a collision shall be the IDL signal. 
The signal presented to  the CI circuit during the presence of a collision shall 

be the 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. "his 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 gener- 
ate an output when only one MAU is transmitting. A MAU, while not transmit- 
ting, may detect the presence of two other MAUs transmitting and shall detect 
the presence of more than two other MAUs transmitting. Table 10-1 summa- 
rizes the allowable conditions under which collisions shall be detected. 
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Generation of Collision Presence Signal 
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The collision presence function may, in some implementations, be able to 

The use of MAUs in repeaters requires additional considerations; see 10.4.1.5. 
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 trans- 
mission 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 extrane- 
ous signal on the trunk coaxial medium. A MAU may reset the Jabber and Col- 
lision Presence Functions on power reset once the error condition has been 
cleared. Alternately, a MAU may reset these functions automatically after a pe- 
riod of 0.5 s +50%. 

sense an  abnormal (for example, open 1 medium. 

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, CDO Output information 

output-IDL DO IDL No data to be output 
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105.2.2 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 

inpu t-id le DI IDL No information to be input 

mau-available CI IDL MAU is available for output 

CI cso Error detected by MAU SQE 

*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 CDO or CD1 sent by the MAU to the 
DTE on the Data In circuit. The MAU sends CDO if the input bit is a zero or 
CD1 if the input bit is a one. No retiming of the CD1 or CDO signals takes place 
within the MAU. 

10.3.2.2.2 input-idle Message. The MAU sends an inputjdle 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. 

10.3.2.25 marc-available Message. The MAU sends the mau-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 SQE message should be sent instead. Such a MAU does 
not require mau-request t o  prepare itself for data output. The physical realiza- 
tion of the mau-available message is an IDL signal sent by the MAU to the 
DTE on the Control In circuit. 

10.3.2.2.4 signal-quality_error (SQE) Message. The SQE message 
shall be implemented in the following fashion: 
(1) The SQE message shall not be sent by the MAU if no or only one MAU is 

transmitting on the trunk coaxial medium. 
(2) If more than two remote MAUs are transmitting on the trunk coaxial 

medium, but the MAU connected to the local DTE is not transmitting, then the 
local MAU shall send the SQE message. In every instance when more than one 
MAU is transmitting on the coaxial medium, the MAU shall make the best 
determination possible. It is acceptable for the MAU to fail to send the SQE 
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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 oc- 
currences of one or more additional MAUs transmitting shall cause the SQE 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. Note that MAUs associated with repeaters shall not generate the 
SQE test sequence. 

( 5 )  When the MAU has inhibited the Transmit Function, i t  shall send the 
SQE message in accordance with the Jabber Function requirements of 10.3.1.4 
and Fig 10-3. 

The SQE message shall be asserted less than 9 bit cells after the occurrence of 
the multiple-transmission condition is present at the Medium Dependent Inter- 
face (MDI) and shall no longer be asserted within 20 bit cells after the indica- 
tion of multiple transmissions ceases to  be present at the MDI. It  is to be noted 
that an extended delay in the removal of the SQE message may adversely affect 
the access method performance. 

The physical realization of the SQE message is the CSO signal sent by the 
MAU to the DTE physical layers on the Control In circuit. 
NOTE: The MAU is required to assert the SQE at the appropriate times whenever the MAU is pow- 
ered and not just when the DTE physical layer is providing data output. 

10.3.3 MAU State Diagrams. The state diagrams, Figs 10-2 and 10-3, depict 
the full set of allowed MAU state functions relative to the control circuits of the 
DTE-MAU interface for MAU's without conditioning requirements. Messages 
used in these state diagrams are explained below: 

enable-driver-Activates the path employed during normal operation to cause 
the MAU transmitter to  impress data onto the trunk coaxial medium. 

disable-driver-Deactivates the path employed during normal operation to 
cause the MAU transmitter to impress data onto the trunk coaxial medium. 

no-collision-Signifies that the condition of multiple transmitters simultane- 
ously active on the trunk coaxial medium does not exist. 

coll ision4ignifies that the condition of multiple transmitters simultaneously 
active on the trunk coaxial medium does exist. 

frame-timer-Measures the time the MAU transmits on the trunk coaxial 
cable. 

test-timer-Measures the length of the SQE Test. 

unjab-timer-Measures the amount of time the MAU has been in Jab mode. 

wait-timer-Measures the time between output idle and the start of the SQE 
Test. 
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~ 

........................................ OUTPUT IDLE 
0 disable-driver 
0 mau-available 

(if no-collision) 
SQE (if Colllsion) 

SUPPLEMENTS TO 

OUTPUT 
> 0 enable-driver 

........................................ output 

0 mau-available 

0 SQE (if Colllsion) 
(if no,collision) 

........................................ UCT SQE TEST 

0 dfsable-drlver 
SQE 

test-timer-done 

START TEST IMER 

0 d~sable,ddver 
0 SQE (if Collision) 
0 start test-timer 

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

\I, output-idle 

SQE TEST WAIT ....................................... 
0 start wait-timer 
0 disable-driver 
0 SQE (if Colllsion) 
0 mau-available 

(if no-coIIision) 

Fig 10-2 
MAU Interface Function 

(UCT = unconditional transition) 
(WaitTimer-Done is specified in 10.3.1.1) 
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MAU TRANSMlllER ACTIVE 

START TIMER ..................................................... 
stort fmrne-timer 

START UNJAB TIMER .................................................... 
0 start unjob-timer 
0 disoble-driver 

(MAU TRANSMITER 

NOT ACTIVE) 
c 

LEGAL-LENGTH OUTPUT ..................................................... 

unjob-timer-done 

Fig 10-3 
Jabber Function State Diagram 

(Fig 10-3 outputs override those in Fig 10-2. Optional 
states: START UNJAB TIMER, UNJAB WAIT.) 

(MAU TRANSMlllER ACTIVE) * frome-timer-done 
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JAB .................................................... 
SQE 

0 disoble-driver 

< 

UNJAB WAIT .................................................... 
0 disoble-driver 

SQE 
output * (unjob- 
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10.4 MAU-Medium Electrical Characteristics 
10.4.1 MAU-to-Coaxial Cable Interface. The following subsections describe 

the interface between the MAU and the coaxial cable. Negative current is de- 
fined as current into the MAU (out of the center conductor of the cable). 

10.4.1.1 Input Impedance. The shunt capacitance presented to the coaxial 
cable by the MAU circuitry (not including the means of attachment to  the coax- 
ial cable) is recommended to be 6 pF. The magnitude of the reflection from a 
MAU plus the cable connection specified in 10.6.3 shall not be more than that 
produced by an 8 pF capacitance when measured by both a 25 ns rise time and 
25 ns fall time waveform. The resistance presented to the coaxial cable shall be 
greater than 100 kQ. 

These conditions shall be met in both the power-off and power-on, not-trans- 
mitting states. 

The shunt resistance presented to the coaxial cable by the MAU circuitry 
when it  is transmitting shall be greater than 7.5 kQ over the voltage range of 0 
v to -4 v.* 

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

10.4.1.3 Coaxial Cable Signaling Levels. The signal on the coaxial cable 
due to a single MAU as measured at the MAU's transmitter output is composed 
of an  ac component and an offset component. Expressed in terms of current im- 
mediately adjacent to the MAU connection (just prior to splitting the current 
flow in each direction), the signal has an offset component (average dc current 
including the effects of timing distortion) of from -37 RIA min to -45 mA max 
and an ac component from k 28 mA up to the offset value. 

The current drive limit shall be met even in the presence of one other MAU 
transmitter. The MAU shall be capable of generating at least 2.2 V of average 
dc level on the coaxial cable in the presence of two or more other MAUs trans- 
mitting concurrently. The MAU shall, in addition, sink no more than f250 pA 
when the voltage on the center conductor of the cable drops to -10 V when the 
MAU is transmitting. 

The actual current measured at a given point on the cable is a function of the 
transmitted current and the cable loss to the point of measurement. Negative 
current is defined as current out of the center conductor of the cable (into the 
MAW. The 10%-90% risdfall times shall be 25 k 5 ns at 10 Mb/s. The rise and 
fall times must match within 1 ns**. Figure 10-4 shows typical waveforms 
present on the cable. Harmonic content generated from the 10 MHz 
fundamental periodic input shall meet the following requirements: 

Second and Third Harmonics: At least 20 dB below fundamental 
Fourth and Fifth Harmonics: At least 30 dB below fundamental 
Sixth and Seventh Harmonics: At least 40 dB below fundamental 
All Higher Harmonics: At least 50 dB below fundamental 

(NOTE: Even harmonics are typically much lower.) 

The above specifications concerning harmonics cannot be satisfied by a square 
wave with a single-pole filter, nor can they be satisfied by an output waveform 

*Paragraph deletion under consideration. 
**A relaxation of this value is under consideration. 
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-41 f 4  mA 

i -90 mA - 
Fig 104 

Driver Current Signal Levels 
generator employing linear ramps without additional waveshaping. The signals 
as generated from the encoder within PLS shall appear on the coaxial cable 
without any inversions (see Fig 10-5). 

10.4.1.4 Transmit Output Levels Symmetry. Signals received from the 
DO circuit must be transmitted onto the coaxial cable with the characteristics 
specified in 10.4.1.3. Since the coaxial cable proceeds in two directions from the 
MAU, the current into the MAU is nominally twice the current measured on the 
coaxial cable. 

The output signal of a MAU meeting this specification shall exhibit edge jitter 
of no more than 2.5 ns into a 25 Q f 1% resistor substituted for the connection 
to the coaxial cable when the DO circuit into the MAU is driven with pseudo- 
random Manchester encoded binary data from a data generator that exhibits no 
more than 0.5 ns of edge jitter on half bit cells of exactly 1/2 BT, whose output 
meets the specifications of 7.5.1.1 through 7.5.1.5. The above specified compo- 
nent shall not introduce more than 2 ns of edge jitter into the system. 

The MAU shall not transmit a negative going edge after cessation of the CD 
output data stream or before the first valid edge of the next frame. 

10.4.1.5 Collision Detect Thresholds. For receive mode collision detec- 
tion the MAU shall have its collision detection threshold set in the range -1404 
mV and -1581 mV. These limits take account of up to 8% collision detect filter 
impulse response. If a specific filter implementation has a higher value of im- 
pulse response, the lower threshold limit of -1404 mV is required to be replaced 
by 1300 mV x [1+ impulse response]. 

Receive mode collision detection indicates that a nontransmitting MAU has 
the capability to detect collisions when two or more MAUs are transmitting si- 
multaneously. 

MAUs included with repeater sets are required to implement receive mode 
collision detection. 

When receive mode collision detection is not implemented, the upper limit of - 
1581 mV may be relaxed t o  -1 782 mV. 
NOTE: The above threshold limits are measured at the coaxial cable center conductor with respect 
to the shield at the MAU connector. The MAU designer must take into account circuit offsets, low- 
frequency noise (for example, 50 &, 60 Hz), and 5 MHz ripple at the filter output in determining 
the actual internal threshold value and its tolerance. 
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NOTE: (1) Voltages given are nominal, for a single transmitter. 
(2) Rise time is 25 ns nominal at 10 Mws rate. 
(3) Voltages are measured on terminated coaxial cable adjacent to transmitting MAU. 
(4) Manchester coding. 

Fig 106 
Coaxial Trunk Cable Signal Waveform 

10.4.2 MAU Electrical Characteristics 
10.4.2.1 Electrical Isolation. The MAU must provide isolation between 

the DTE Physical Layer circuits and the coaxial trunk cable. The isolation 
impedance measured between any conductor in the DTE Physical Layer 
circuitry and either the center conductor or shield of the coaxial cable shall be 
greater than 250 kn at 50 Hz, 60 Hz. In addition, the isolation impedance 
between the DTE ground and the coaxial cable shield shall be less than 15 a 
between 3 MHz and 30 MHz. The isolation means provided shall withstand 500 
V ac, rms for one minute. 

10.4.2.2 Power Consumption. The current drawn by the MAU shall not 
exceed 0.5 A if powered by the AUI source. The MAU shall be capable of oper- 
ating from all permissible voltage sources as supplied by the DTE through the 
resistance of all permissible AUI cables. The MAU shall not disrupt the trunk 
coaxial medium should the 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. This requirement only applies to MAUs that are ex- 
ternal to DTEs. 

10.4.23 Reliability. The MAU shall be designed to provide an MTBF of at 
least 100 000 hours of continuous operation without causing communication 
failure among other stations attached to the local network medium. Component 
failures within the MAU electronics should not impede the communication 
among other MAUs on the coaxial cable. Connectors and other passive compo- 
nents comprising the means of connecting the MAU to the coaxial cable shall be 
designed to minimize the probability of total network failure. 
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It  should be noted that a fault condition that causes a MAU to draw in excess 
of 2 mA from the coax may cause communication failure among other stations. 

10.4.3 MAU-DTE Electrical Characteristics. If the AUI is used, the elec- 
trical characteristics for the driver and receiver components connected between 
the DTE Physical Layer circuitry and the MAU shall be identical with those as 
specified in Section 7 of this standard. 

10.5 Characteristics of Coaxial Cable System. The trunk cable is of con- 
stant impedance, coaxial construction. I t  is terminated a t  each of the two ends 
by a terminator (see 10.6.2), and provides the transmission path for connection 
of MAU devices. Coaxial cable connectors are used to make the connection from 
the cable to the terminators and between cable sections. The cable has various 
electrical and mechanical requirements that shall be met to ensure proper oper- 
ation. 

10.5.1 Coaxial Cable Electrical Parameters 
10.5.1.1 Characteristic Impedance. The average characteristic cable 

impedance shall be 50 f 2 Q. Periodic variations in impedance along a single 
piece of cable may be up to f 3  Q sinusoidal, centered around the average value, 
with a period of less than 2 m. 

10.5.1.2 Attenuation. The attenuation of a 185 m (600 R) cable segment 
shall not exceed 8.5 dB measured at 10 MHz, or 6.0 dB measured at 5 MHz. 

10.5.1.3 Velocity of Propagation. The minimum required velocity of 
propagation is 0.65 c. 

10.5.1.4 Edge Jitter; Entire Segment without DTEs Attached. A 
coaxial cable segment meeting this specification shall exhibit edge jitter of no 
more than 8.0 ns in either direction at the receiving end when 185 m (600 ft) of 
the cable is terminated at both ends with terminators meeting the impedance 
requirements of 10.6.2.1 and is driven at one end with pseudorandom Manch- 
ester 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 10.4.1.3, except that the rise time of the sig- 
nal 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 t o  introduce more than 7 ns of edge jitter into the 
system. 

10.5.1.5 Transfer Impedance. The coaxial cable medium shall provide 
sufficient shielding capability t o  minimize its susceptability t o  external noise 
and also t o  minimize the generation of interference by the medium and related 
signals. While the cable construction is not mandated, it is necessary t o  indicate 
a measure of performance expected from the cable component. A cable's EMC 
performance is determined, t o  a large extent, by the transfer impedance value of 
the cable. 

The transfer impedance of the cable shall not exceed the values shown in Fig 
10-6 as a function of frequency. 

10.5.1.6 Cable DC Loop Resistance. The sum of the center conductor re- 
sistance plus the shield resistance measured at 20'C shall not exceed 50 mWm. 
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Fig 10-6 
Maximum Coaxial Cable Transfer 

Impedance 

The parameters specified in 10.5.1 are met by cable types RG 58 MU or RG 58 

10.5.2 Coaxial Cable Physical Parameters 
C/U. 

10.5.2.1 Mechanical Requirements. The cable used should be suitable 
for routing in various environments, including but not limited to, dropped ceil- 
ings, raised floors, and cable troughs as well as throughout open floor space. 
The jacket shall provide insulation between the cable sheath and any building 
structural metal. Also, the cable shall be capable of accepting coaxial cable con- 
nectors, described in 10.6. The cable shall conform t o  the following require- 
ments. 

10.5.2.1.1 General Construction 
(1) The coaxial cable shall consist of a center conductor, dielectric, shield sys- 

(2) The coaxial cable shall be sufficiently flexible t o  support a bend radius of 5 

10.5.2.1.2 Center Conductor. The center conductor shall be stranded, 

tem, and overall insulating jacket. 

cm. 

tinned copper with an overall diameter of 0.89 mm f 0.05 mm. 
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10.5.2.1.3 Dielectric Material. The dielectric may be of any type, pro- 
vided that the conditions of 10.5.1.2 and 10.5.1.3 are met; however, a solid di- 
electric is preferred. 

10.5.2.1.4 Shielding System. The shielding system may contain both 
braid and foil elements sufficient to meet the transfer impedance of 10.5.1.5 and 
the EMC specifications of 10.8.2. 

The inside diameter of the shielding system shall be 2.95 mm k 0.15 mm. 
The shielding system shall be greater than 95% coverage. The use of tinned 

copper braid is recommended t o  meet the contact resistance and shielding re- 
quirements. 

10.5.2.1.5 Overall Jacket 
(1) Any one of several jacket materials shall be used provided the specifica- 

tions of 10.5.1 and 10.5.2 are met. 
(2) Either of two jacket dimensions may be used for the two broad classes of 

materials provided the specification of 10.5.2.1.1 are met: 
(a) Polyvinyl chloride (for example, PVC) or  equivalent having an OD of 4.9 

mm f 0.3 mm. 
(b) Fluoropolymer (for example, FEP, ECTFE) or equivalent having an OD 

of 4.8 mm _+ 0.3 mm. 
The cable shall meet applicable flammablity and smoke criteria to meet the 

local and national codes for the installed environment (see 10.8.3). 
Different types of cable sections (for example, polyvinyl chloride and fluo- 

ropolymer dielectric) may be interconnected, while meeting the sectioning re- 
quirements of 10.7.2.1. 

10.5.2.2 Jacket Marking. It  is recommended that the cable jacket be 
marked with manufacturer and type a t  a nominal frequency of a t  least once per 
meter along the cable. 

10.5.3 Total Segment DC Loop Resistance. The sum of the center conduc- 
tor, connectors, and shield resistance shall not exceed 10 R total per segment. 
Each in-line connector pair or MAU shall contribute no more than 10 mQ. 

As a trunk coaxial cable segment consists of several cable sections, all connec- 
tors and internal resistance of the shield and center conductor shall be included 
in the loop resistance measurement. 

10.6 Coaxial Trunk Cable Connectors. The trunk coaxial medium requires 
termination and is partitioned into sections. Devices to be attached to the 
medium require a means of connection to the medium. This means is provided 
by a BNC "T" adapter, as shown in Fig 10-7. 

The BNC connectors shall be of the 50 Q constant impedance type. High- 
quality versions of these connectors (per IEC 169-9) are recommended in order 
t o  meet dc loop resistance and reliability considerations. All of the coaxial con- 
nectors shall follow the requirements as  defined in 10.6.3. 

10.6.1 In-Line Coaxial Extension Connector. All coaxial cables shall be 
terminated with BNC plug connectors. A means shall be provided to ensure that 
the connector shell (which connects to the cable sheath) does not make contact 
with any building metal (at ground potential) or other unintended conductor. 
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SINGLE MOULDING 
SNAP CLOSE BODY 

FLYING COVER TO INSULATE 
MALE "T" CONNECTOR WHEN 
WITHDRAWN FROM DTE 

INSULATING COVER 

Fig 10-7 
Examples of Insulated Connector Cover 

(Tutorial only and not part of the 
standard) 

An insulating sleeve or boot slipped over the connector a t  installation time is 
suitable. 

In-line coaxial extensions shall be made with BNC receptacle-to-receptacle 
connectors joined together t o  form one "barrel." An insulating sleeve or boot 
shall also be provided with each barrel assembly. 

10.6.2 Coaxial Cable Terminator 
10.6.2.1 Coaxial cable terminators are used t o  provide a termination 

impedance for the cable equal in value to its characteristic impedance, thereby 
minimizing reflection from the ends of the cables. Terminators shall be pack- 
aged within a male or female connector. The termination impedance shall be 50 
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R f 1% measured from 0-20 MHz, with the magnitude of the phase angle of the 
impedance not to exceed 5 degrees. The terminator power rating shall be 0.5 W 
or  greater. A means of insulation shall be provided with each terminator. 

10.6.3 MAU-to-Coaxial Cable Connection. A BNC "T" (plug, receptacle, 
plug) adaptor provides a means of attaching a MAU to the coaxial cable. The 
connection shall not disturb the transmission line characteristics of the cable 
significantly; i t  shall present a low shunt capacitance, and therefore a negligibly 
short stub length. This is facilitated by the MAU being located as close to its ca- 
ble connection as possible; the MAU and connector are normally considered to 
be one assembly, Long (greater than 4 cm) connections between the coaxial ca- 
ble and the input of the MAU jeopardize this objective. 

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

The design of the connection shall meet the electrical requirements contained 
in 10.4.1.1 and the reliability specified in 10.4.2.3. The use of BNC "T" adaptors 
and connectors satisfies these requirements. Figure 10-7 shows a MAU-to- 
coaxial cable attachment. 

A means shall be provided t o  ensure that the connector assembly (that is, 
BNC "T' plus male connectors) does not make contact with any building metal- 
work (at ground potential) or any other unintended conductors. An insulating 
cover should therefore be applied after connection. A possible design is depicted 
in Fig 10-7. The insulating cover should have these characteristics: 

(1) It should guard against accidental grounding of the connector assembly. 
(2) It  should allow ease of attachment and detachment of an assembled "T" 

connector t o  the MAU without necessitating the removal of section cable con- 
nectors (that is, segment integrity is maintained). 

(3) It  should be a simple moulding that attaches firmly to a connector assem- 
bly. 

10.7 System Considerations 
10.7.1 Transmission System Model. Certain physical limits have been 

placed on the physical transmission system. These revolve mostly around 
maximum cable lengths (or maximum propagation times), as these can affect 
critical time values for the CSMA/CD access method. These maxima, in terms of 
propagation times, were derived from the physical configuration model de- 
scribed 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 maximum of 
185 m (600 ft) of coaxial cable and a maximum of 30 MAUs. The propagation 
velocity of the coaxial cable is assumed to be 0.65 c minimum (c = 3 x 108 d s ) .  
The maximum end-to-end propagation delay for a coax segment is 950 ns. 

(2) Repeater sets are required for segment interconnection. Repeater sets oc- 
cupy MAU positions on coax segments and count toward the maximum number 
of MAUs on a coax segment. Repeater sets may be located anywhere on a coax 
segment. 

(3) The maximum transmission path permitted between any two MAUs is 
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Fig 10-8 
Maximum Transmission Path 

limited by the number of repeater sets that can be connected in series (that is, 
four). The maximum number of segments connected in series is therefore five 
(Fig 10-8), which shall consist of no more than three tapped coax segments; the 
remainder shall be link segments as defined in 8.6.1. 
NOTE: Care should be taken to ensure that the safety requirements are met when extending the 
trunk cable by the use of repeaters (see 10.7.2.5). 

(4) The transmission system may also contain segments comprising trunk 
coaxial cable specified in Section 8; however, these shall be attached by repeater 
sets. As such a combination of segments is capable of achieving longer lengths 
than (3) above, the maximum configuration then becomes limited by propaga- 
tion delay. Type lOBASE2 segments should not be used to bridge two Type 
10BASE5 segments. 

Figures 10-9, 10-10, and 10-11 show transmission systems of various types 
and sizes t o  illustrate the boundary conditions on topologies generated accord- 
ing to the specifications in this section. 

10.7.2 Transmission System Requirements 
10.7.2.1 Cable Sectioning. The 185 m (600 ft) maximum length coaxial 

cable segment will be made from a number of cable sections. As the variation on 
cable characteristic impedance is +2 f2 on 50 R, a possible worst-case reflection 
of 4% may result from the mismatch between two adjacent cable sections. The 
MAU will add t o  this reflection by the introduction of its noninfinite bridging 
impedance. 

The accumulation of this reflection can be minimized by observing a mini- 
mum distance between MAUs (and between cable sections). In order to main- 
tain reflections a t  an acceptable level, the minimum length cable section shall 
be 0.5 m. 

10.7.2.2 MAU Placement. MAU components and their associated connec- 
tions t o  the cable cause signal reflections due t o  their noninfinite bridging 
impedance. While this impedance must be implemented as specified in 10.6, the 
placement of MAUs along the coaxial cable must also be controlled to ensure 
that reflections from the MAU do not accumulate t o  a significant degree. 
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Coaxial cable sections as specified in 10:7.2.1 shall be used to connect MAUs. 

The total number of MAUs on a cable segment shall not exceed 30. 
This guarantees a minimum spacing between MAUs of 0.5 m. 

10.7.2.3 Trunk Cable System Earthing. The shield conductor of each 
coaxial cable segment may make electrical contact with an effective earth refer- 
ence* at one point and shall not make electrical contact with earth elsewhere on 
such objects as building structural metal, ducting, plumbing fixture, or other 
unintended conductor. Insulators should be used t o  cover any coaxial connectors 
used to join cable sections and terminators, t o  ensure that this requirement is 
met. A sleeve or  boot attached a t  installation time is acceptable. (See 10.6.3.) 

10.7.2.4 Static Discharge Path. A static discharge path shall be provided. 
The shield of the trunk coaxial cable is required t o  be connected t o  each DTE 
earth (within the DTE) via a 1 MQ, 0.25 W resistor that has a voltage rating of 
a t  least 750 V dc. 

10.7.2.5 Installation Environment. This specification is intended for 
networks in use within a single building and within an area served by a single 
low-voltage power distribution system. Applications requiring interplant con- 
nections via external (outdoors) means may require special considerations.* Re- 
peaters and nonconducting IRL components may provide the means t o  satisfy 
these isolation requirements. 
NOTE: The reader is advised that devices should not be operated a t  significantly different frame po- 
tentials. The lOBASE2 connection system may not be capable of handling excessive earth currents. 

10.8 Environmental Specifications 
10.8.1 Safety Requirements. The designer should consult relevant local and 

national safety regulations t o  assure compliance with the appropriate standards 
(for example, see Appendix A for reference material). 

10.8.1.1 Installations. If the trunk coaxial cable is t o  be installed in close 
proximity t o  electrical power cables, then installation practice according t o  local 
and national code shall be followed (for example, see the Annex for resource 
material). 

10.8.1.2 Earthing. Where earthing is mandated by locally or nationally 
prescribed codes of practice, the shield of the trunk coaxial cable shall be effec- 
tively earthed at only one point along the length of the cable. Effectively earthed 
means permanently connected to earth through an earth connection of SUE- 
ciently low impedance and having sufficient ampacity t o  prevent the building up 
of voltages that may result in undue hazard to connected equipment or t o  per- 
sons. 

10.8.2 Electromagnetic Environment 
10.8.2.1 Susceptibility Levels. Sources of interference from the environ- 

ment include electromagnetic fields, electrostatic discharge, transient voltages 
between earth connections, etc. 

*See local or national regulations for guidance on these matters and Annex [14]. 
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Several sources of interference will contribute to voltage build-up between the 
coaxial cable and the earth connection of a DTE. 

The physical channel hardware shall meet its specifications when operating 
in either of the following conditions: 

(1) Ambient plane wave field of 1 V/m from 10 kHz through 1 GHz. (NOTE: 
Levels typically >1 km from broadcast stations.) 

(2) Interference source voltage of 15.10 V peak 10 MHz sine wave with a 50 R 
source resistance applied between the coaxial cable shield and the DTE ground 
connection. 

MAUs meeting this standard should provide adequate RF ground return 
(coaxial cable shield to DTE ground) to satisfy the referenced EMC specifica- 
tions. 

10.8.2.2 Emission Levels. The physical MAU and trunk cable system shall 
comply with local and national regulations (for example, see the Annex for 
resource material). 

10.8.3 Regulatory Requirements. The MAU and medium should consider 
IEC 435 in addition to local and national regulations. See Reference [SI and 
Annex 1143. 
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