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FOREWORD

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

In the field of information technology, ISO and IEC have established a joint technical
committee, ISO/IEC JTC 1. Draft International Standards adopted by the joint technical com-
mitteg are circulated to national bodies for voting. Publication as an International Stgndard
requires approval by at least 75% of the national bodies casting a vote.

Internptional Standard ISO/IEC 9314-4 was prepared by Joint technical Committee ISO/IEC
JTC 1 Information technology, Subcommittee SC 25, Interconnection of information techfology
equipment.

ISO/IEC 9314 consists of the following parts, under the general title/[nformation technojogy —
Fibre Distributed Data Interface (FDDI):

— Part 1: Token Ring Physical Layer Protocol (PHY)

— Part 2: Token Ring Media Access Control (MAC)

— Part 3: Token Ring Physical Medium Dependent Layer (PMD)

— Part 4: Single Mode Fibre Physical Layer Medium.Dependent (SMF-PMD)

— Part 5: Hybrid Ring Control (HRC)

— Part 6: Token Ring Station Management (SMT)

— Part 7: Physical Layer Protocol (PHY-2)

— Part 8: Token Ring Media Access_Control-2 (MAC-2)

— Part 9: FDDI Low-Cost Fibre <Physical Medium Dependent (LCF-PMD)

— Part 10: Token Ring Twisted Pair Physical layer Medium Dependent (TP-PMD)

— Part 13: Conformance Test Protocol Implementation
Canformance Statement proforma (CT-PICS)

— Part 20: Physical(Medium Dependent Conformance Testing (PMD-ATS)
— Part 21: Physijeal Layer Protocol Conformance Testing (PHY-ATS)

— Part 25: Abstract Test Suite for FDDI — Station Management
Caonformance Testing (SMT-ATS)

— P3rti26- Media Access Control Conformance Testing (MAC-ATS)
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INTRODUCTION

The Fibre Distributed Data Interface (FDDI) is intended for use in a high-performance general
purpose multistation network and is designed for efficient operation with a peak data rate of
100 megabits per second. It uses a token ring architecture. This part of ISO/IEC 9314 extends
the basic FDDI by allowing both multimode and single-mode fibre, (MMF and SMF
respectively), as transmission media. The basic FDDI provides for hundreds of stations
operating over an extent of many kilometers. The individual link lengths supported by the basic
FDDI are limited to two (2) kilometers by the characteristics of the multimode fibre it specifies.
This extension to the basic FDDI standard allows links to about 60 kilometers depending on
cable plant characteristics, by making it possible to include single-mode fibre links in a

standare--BBretwork:

The Single-mode Physical Layer Medium Dependent (SMF-PMD) specifies the lower sublayer
of the|Physical Layer for the FDDI. As such, it presents the specifications for conforming FDDI
attachment devices at the interface to the single-mode optical network. This includes [power
levels| and characteristics of the optical transmitter and receiver, interface optical [signal
requirements including jitter, the connector receptacle footprint, the’ requirements of
conforming FDDI single-mode fibre cable plants, and the permissible BER:

SMF-PMD provides for extension of the set of basic standardsy\for FDDI that includes the
follow|ng standards:

a) A Media Access Control (MAC) standard, which specifies the lower sublayer of thg Data
Link Layer for FDDI, including access to the mediums data framing, addressing, angl data
chiecking;

b) A |Physical Medium Dependent (PMD) standard-which is the alternative standard {o this
document, when using MMF rather than SMF;

c) A |Physical Layer Protocol (PHY) standard, which specifies the upper sublayer pf the
PHysical Layer for FDDI, including encode/decode, clocking, and data framing;

d) A [Station Management (SMT) standard, which specifies the local portion of the dqystem
management application process) for FDDI, including the control required for proper
opleration of a station in an FDDI ring;

The idea of developing a new jhigh speed data interface for computers based on the yse of
optica) fibre was first raised: in an October 1982 meeting. An ad hoc task group was formed to
examine the issues and three project proposals, for the FDDI Physical, Data Link, and N¢twork
layers| were developed'and subsequently approved.

Initial [proposals-for' the Media Access Control (MAC), corresponding to the lower half [of the
Data Link Layer,~and for the Physical (PHY), corresponding to the Physical Layer, werg both
submitted in-June 1983. FDDI adopted the structures of the ISO/IEC 8802 Series, and early
work Jndicated that the FDDI MAC could be developed to operate under the Logicdl Link
ControN(LLC) described in the ISO/IEC 8802 series. This decision, in effect, obviated the
development of LLT or Nelwork Layer standards unique 10 FDDT. MAT has been published as
ISO/IEC 9314-2.

In early 1984 a need was recognized for a separate Station Management (SMT) document.
This development work remains under way on ISO/IEC 9314-6.

Recognizing that fibre technology was not yet then sufficiently settled and that critical FDDI
development work was dependent upon the protocol portions of the PHY document, the
Physical Layer was divided into two sublayers (PHY and PMD), with the PHY document
retaining only the upper sublayer of the Physical Layer. PHY was subsequently published as
ISO/IEC 9314-1.

Meanwhile, issues concerning the lower sublayer of the Physical Layer for multimode FDDI
were being addressed. That work led to the publication of ISO/IEC 9314-3 FDDI PMD.


https://iecnorm.com/api/?name=f69a0c8723aecef85c5a44ae6b3b270c

~-6- 9314-4 © ISO/IEC:1999(E)

In June 1987 the need was recognized for FDDI to support station-to-station distances longer
than the 2 kilometers limit of the MMF design. The project objective was to stay as close as
possible to the PMD standard and in particular to have the same interfaces with PHY and SMT.

With the FDDI MAC, the FDDI PHY and the multimode FDDI PMD, the FDDI SMF-PMD
standard represents an alternative PMD in the set of standards that constitute FDDI.
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INFORMATION TECHNOLOGY —
FIBRE DISTRIBUTED DATA INTERFACE (FDDI) —

Part 4: Single-mode fibre physical layer medium dependent (SMF-PMD)

1 Scope

This g
(SMFH

FDDI
amon
mediu
80 me
requir
amon

art of ISO/IEC 9314 specifies the Single-mode fibre Physical Layer-Medium Dep4
PMD) requirements for the Fibre Distributed Data Interface (FDDI).

) computers and peripheral equipment using a fibre optic waveguide as\the transm
gabits (10 megabytes) per second. The FDDI may not meetDthe responseg

) many stations distributed over distances of several kilometers/in extent. Default

tndent

provides a high bandwidth (100 megabits per second) general purpose interconnection

ission

m. The FDDI may be configured to support a sustained transfer rate*of approximately

time

ements of all unbuffered high speed devices. The FDDI establishes the connection

alues

for FIPDI were calculated on the basis of 1000 physical connéctions and a total fibr¢ path
length of 200 kilometers (see the MAC Standard — ISO/IEC 9314-2 or ISO/IEC 9314-8).
The FPDI consists of:
1) The Physical Layer Medium Dependent (PMD) is_Specified in four alternative standards:
a)[ISO/IEC 9314-3 (FDDI PMD) corresponding>to multimode fibre (MMF) which agtually
means "FDDI MMF-PMD".
b) [This standard ISO/IEC 9314-4 (SMF-PMD) which contains the requirements for gingle-
mode fibre (SMF) physical connectjons between stations.
c)ISO/IEC 9314-9 (FDDI LCF-PMD), an alternative lower cost multimode fibre (LQF) for
shorter distances.
d)ISO/IEC 9314-10 (FDDI TR-PMD), a copper twisted pair (TP) alternative.
An FDDI ring can be made up of all these alternatives. (For some restrictions seg 6.4).
The PMD providestall‘services necessary to transport a suitably coded digital bit gtream

SN

requirements (for"FDDI stations and cable plants at both sides of the Media Int
Connector (MIC) for conforming stations utilizing single-mode fibre.

(IF-PMD includes the following:

i) The optical power budgets for two (2) categories of Active Output and Active
Interfaces using single-mode fibre optic cables and optical bypass switches

from station tovsStation. The SMF-PMD specifies the point of interconnection

erface

Input

iii) The single-mode fibre optic cable requirements
iv) The services provided by PMD to PHY and SMT

, The MIC R | . . . . . | . f ures

2) A Physical Layer Protocol (PHY), which provides connection between multimode or single-

mode PMD and the Data Link Layer (DLL). PHY establishes clock synchronization with the
upstream code-bit data stream and decodes this incoming code-bit stream into an
equivalent symbol stream for use by the higher layers. PHY provides encoding and
decoding between data and control indicator symbols and code-bits, medium conditioning
and initializing, the synchronization of incoming and outgoing code-bit clocks, and the
delineation of octet boundaries as required for the transmission of information to or from
higher layers. Information to be transmitted on the interface medium is encoded by the PHY
into a grouped transmission code.

3) A Data Link Layer (DLL), which controls the accessing of the medium and the generation

and verification of frame check sequences to assure the proper delivery of valid data to the
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higher layers. DLL also concerns itself with the generation and recognition of device
addresses and the peer-to-peer associations within the FDDI network. For purpose of the
PHY, references to DLL are made in terms of the Media Access Control (MAC) entity, which
is the lowest sublayer of DLL.

4) A Station Management (SMT), which provides the control necessary at the station level to
manage the processes underway in the various FDDI layers such that a station may work
cooperatively on a ring. SMT provides services such as control of configuration
management, fault isolation and recovery, and scheduling procedures.

This part of ISO/IEC 9314 is a supporting document to ISO/IEC 9314-1 which should be read in
conjunction with it.

The $MT document ISO/IEC 9314-6 should be consulted for information pertaining to
supparted FDDI station and network configurations.

The get of FDDI standards specifies the interfaces, functions and operations necessary to
insurg interoperability between conforming FDDI implementations. This part'of ISO/IEC 9314 is
a fungtional description. Conforming implementations may employ any design technique|which
does ot violate interoperability.

2 Nprmative references

The fpllowing normative documents contain provisions which, through reference in this text,
constifute provisions of this part of ISO/IEC 9314~‘For dated references, subsequent
amengments to, or revisions of, any of these publications do not apply. However, parfies to
agreements based on this part of ISO/IEC 9314 are.encouraged to investigate the possihility of
applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative. document referred to applies. Members ¢f 1ISO
and IEC maintain registers of currently valid International Standards.

ISO/IEC 9314-1:1989, Information technology — Fibre Distributed Data Interface (FODI) —
Part 1 Token Ring Physical Layer Rrotocol (PHY)

ISO/IEC 9314-2:1989, Information technology — Fibre Distributed Data Interface (FODI) -
Part 2 Token Ring Media Access Control (MAC)

ISO/IEC 9314-3:1990, (Information technology — Fibre Distributed Data Interface (FODI) —
Part 3t Token Ring Physical Medium Dependent Layer (PMD)

ISO/IEC 9314:6:1998, Information technology — Fibre Distributed Data Interface (FODI) -
Part 6 TokenwRing Station Management (SMT)

ISO/IEC.9314-7:1998, Information technology — Fibre Distributed Data Interface (FODI) —
Part 7: Physical Layer Protocol (PHY-2)

ISO/IEC 9314-8:1998, Information technology — Fibre Distributed Data Interface (FDDI)
Part 8: Token Ring Media Access Control-2 (MAC-2)

ISO/IEC 11801:1995, Information technology — Generic cabling for customer premises
IEC 60793-1-1:1999, Optical fibres — Part 1-1: Generic specification — General

IEC 60793-1-2:1995, Optical fibres — Part 1. Generic specification — Section 2: Measuring
methods for dimensions

IEC 60793-1-3:1995, Optical fibres — Part 1: Generic specification — Section 3: Measuring
methods for mechanical characteristics
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IEC 60793-1-4:1995, Optical fibres — Part 1: Generic specification — Section 4: Measuring
methods for transmission and optical characteristics

IEC 61300-3-4:1998, Fibre optic interconnecting devices and passive components — Basic test
and measurement procedures — Part 3-4: Examination and measurements — Attenuation

IEC 61300-3-6:1997, Fibre optic interconnecting devices and passive components — Basic test
and measurement procedures — Part 3-6: Examinations and measurements — Return loss

IEC 61300-3-9:1997, Fibre optic interconnecting devices and passive composants — Basic test
and measurement procedures — Part 3-9: Examinations and measurements — Far-end crosstalk

IEC §1754-12: under development: Fibre Optic Connector Interfaces, Part-12:Type FS
connelctor family

3 Cpncepts

3.1 [General Description

A ring[network consists of a set of stations logically connected as a) serial string of stationps and
transmission media to form a closed loop. Information is transhiitted sequentially, as a qtream
of suitably encoded symbols, from one active station to- the next. Each station genperally
regenerates and repeats each symbol and serves as the means for attaching one or| more
devicgs to the network for the purpose of communicating with other devices on the network.
The method of actual physical attachment to the FDDJI network may vary and is dependgent on
speciffc application requirements as described in subsequent paragraphs.

The bpsic building block of an FDDI network{is a Physical Connection as shown in Figure 1.
A Phygical Connection in the FDDI network consists of the Physical Layers of two sfations
which|are, connected over the transmission medium by a Primary Link and a Secondary Link.
The tyvo Physical Links of a Physical ‘€onnection must use the same fibre technology |at the
MIC: both multimode or both singlesmode. A Primary Link consists of an output, called Pfimary
Out, df a Physical Layer, communieating over a Primary medium to the input, called Primary In,
of a spcond Physical Layer. Thé.Secondary Link consists of the output, called Secondary Out,
of thel second Physical Layer-communicating over a secondary medium to the input, |called
Secorldary In, of the first Rhysical Layer. Physical Connections may be subsequently logically
connejcted within statignsy” via attached MACs or other means, to the network. As such, the
functipn of each station-is implementer defined and is determined by the specific application or
site rgquirements,

Two dlasses-of stations are defined; dual (attachment) and single (attachment). Physical FDDI
rings may/e.composed only of dual stations which have two PHY entities to accommodagte the
dual (Founter-rotating) rings. Concentrators provide additional PHY entities for the attachment
of singlestations which have only one PHY and thus cannot directly attach to the physical FDDI
dual ring. A dual station, or one-half of a dual station, may be substituted for a single station in
attaching to a concentrator. The logical FDDI ring consists of all attached stations.

This part of ISO/IEC 9314 specifies two categories of Active Output and Input Interfaces and
allows for the four corresponding combinations. With this approach cable plant losses from
0 dB to 32 dB can be accommodated. This allows for Repeaterless Physical Link lengths up to
40 km to 60 kilometers.
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The example of Figure 2 shows the concept of using multiple Physical Connections to create
logical rings of combinations of SMF and MMF media. As shown, the logical sequence of MAC
connections is stations 1, 3, 5, 8, 9, 10, and 11. Stations 2, 3, 4, and 6 form a physical ring.
Stations 1, 5, 7, 10 and 11 are attached to the FDDI network by lobes branching out from the
stations forming the physical ring. Stations 8 and 9 are in turn attached to the FDDI network by
lobes branching out from station 7. Stations 2, 4, 6, and 7 are concentrators, serving as the
means for logically connecting multiple stations to the physical ring. Concentrators may or may
not have MAC entities and full station functionality, although the example of Figure 2 shows
them without.

Connection to the physical medium as established by SMF-PMD is controlled by the station

insertfmmmmmmmmmmrMJpe of
this part of ISO/IEC 9314.

3.2 [Environment

As shpwn in Figure 2 and as described in 3.1, an FDDI network consists of'a large numlber of
connected stations which may be distributed over a large area when using-SMF-PMD Physical
Connections. Configuring an FDDI network requires proper selection of the category of the
Physi¢al Connection, taking into account constraints described in thig part of ISO/IEC 9314 as
well g8s MAC, PHY and SMT portions of the FDDI standard. SMT" establishes the Physical
Connections between stations, and the correct internal statign,-configurations, to create an
FDDI petwork of logical rings.

It is Understood that restrictions of the transmission ifiedia as defined (i.e., dynamic fange,
bandwidth and length) may place limits on realizable physical configurations. Tradeoffs may be
made| within specific site applications, such as.distance vs. optical bypass, and [media
consigtent with these limitations. While not intended to be limiting, the FDDI has been defined
to serye four major application environments in¢luding:

3.2.1 | Data Center Environment

The dpta center environment is charactérized by a relatively small number of stations, typically
mainffame computers and peripheral”equipment, where a high degree of reliability ang fault
tolerapce is required. The FDDtnetwork in a data center environment is comprised of a
prepophderance of dual stations,with relatively few, if any, concentrators. In this environmnjent, it
is degirable that two stations” maintain unimpaired operation even under the circumsgtance
where| up to four intervening stations are powered down thereby causing their optical Qypass
switclles to be in thé active connection path between the communicating stations| This
envirgnment assumes a total fibre length not exceeding 400 meters between two
commjunicating statiohs.

3.2.2 | Office/Building Environment

The gfficefbuilding environment is characterized by both a relatively large number of [single
attachment stations (typically smaller computers, communications concentrators, workstations,
and peripherals) and by a radial wiring scheme to connect these stations. Moreover, the
stations are frequently powered down by their users. Concentrators, which are typically always
powered on, are often used to attach these stations to the FDDI network because they facilitate
radial wiring and because concentrators allow any set of the single attachment stations to be
without power.

3.2.3 Campus Environment

The campus environment is characterized by stations distributed across multiple buildings
where links of up to 2 kilometers may be encountered. Such a distance requirement is
expected to be uncommon and would not allow the bypass techniques that are useful in the
Data Center environment. This application is typically used for trunk lines between
office/building and/or data center environments.
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3.2.4

Multi-campus Environment

The multi-campus environment is characterized by clusters of stations, located in different
campuses or buildings, often separated by distances significantly greater than the maximum
2 kilometers supported by multimode PMD FDDI technology. Multi-campus environments may
also include the requirement to traverse rights-of-way owned or controlled by local utilities or
government entities.

SMF-PMD Physical Connections can be used in the above four environments for different
reasons. In the multi-campus environment, SMF is required to accommodate link lengths
greater than the 2 kilometers maximum specified for multimode PMD. SMF support may also

be required to accommodate facilities already owned by local common carriers. In the other
three gnvironments, the end-user may select SMF for other considerations.

3.3 Definitions

For the purposes of this part of ISO/IEC 9314 the following definitions apply. Furthefmore,
ISO 9814-1, ISO 9314-2, ISO/IEC 9314-7 and ISO/IEC 9314-8 contain additional definitipns of
interegt.

3.3.1

Activel Input Interface (All)

the agtive PMD element that detects modulated light from an*Active Output Interface via fa fibre
optic Wwaveguide and converts it to digital electrical signals

3.3.2

Active Output Interface (AOI)

the agtive PMD element that converts digital,electrical signals into modulated light [to be
transmitted to an Active Input Interface via a fibre optic waveguide

3.3.3

Attengation

level of optical power loss expressedyin units of decibels (dB)

3.3.4

Averafje Power

the optical power measutred using an average reading power meter when the FDDI station is
transmitting a stream-of-Halt symbols

3.3.5

Bit Erfor Rate((BER)

the nymber-af bits with the wrong detected value divided by the total number of bits transferred
3.3.6

Bypass

the ability of a station to be optically isolated from the network while maintaining the integrity of
the ring

3.3.7

Central Wavelength
the weighted average wavelength of the Active Output Interface optical spectrum

3.3.8
Code-

bit

the smallest signaling element used by the Physical Layer for transmission on the medium
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3.3.9

Concentrator

an FDDI node that provides additional attachment points for stations that are not part of the
dual ring

3.3.10
Cut-off Wavelength
In an optical fibre, the wavelength above which light propagates only in a single mode

NOTE The cut-off wavelength of cabled optical fibre, I¢¢, is typically lower than the cut-off wavelength of uncabled
optical fibre.

3.3.11
Dual Attachment Station
a statjon that offers two attachments to the FDDI network that are capable of accommodating a
dual (founter-rotating) ring. It may offer additional attachments (see Concentratar)

3.3.12
Extingtion Ratio
the ratio of the low, or off optical power level, (P ) to the high, or on ‘optical power leve|, (Py)
when the station is transmitting a stream of Halt symbols

3.3.13
Extindtion Ratio (%)
(PL/P{p*100

3.3.14
Fibre
dielectric material that guides light; waveguide (See Multimode Fibre and Single-mode fibre)

3.3.15
Fibre Pptic Cable
a jacketed fibre(s)

3.3.16
Interchannel Isolation
the ahility to prevent undesired optical energy from appearing in one signal path as a repult of
coupling from another sighal path; cross talk

3.3.17
Jitter,|Data D ependent (DDJ)
jitter that ishrelated to the transmitted symbol sequence. DDJ is caused by the limited
bandwidth( characteristics and imperfections in the optical channel components. DDJ fesults
from honsideal individual pulse responses and from variation in the average value pf the
encoded ptise—segtence—that—may—catse—base-tne—wander—and—may—change—the—satmpling

threshold level in the receiver

3.3.18

Jitter, Duty Cycle Distortion (DCD)

distortion usually caused by propagation delay differences between low-to-high and high-to-low
transitions. DCD is manifested as a pulse width distortion of the nominal baud time

3.3.19

Jitter, Random (RJ)

RJ is due to thermal noise and may be modeled as a Gaussian process. The peak-peak value
of RJ is of a probabilistic nature and thus any specific value requires an associated probability
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3.3.20

Media Interface Connector (MIC)

an optical fibre connector that connects the fibre media to the FDDI attachment. The MIC
consists of two halves. The MIC plug is the male half used to terminate an optical fibre signal
transmission cable. The MIC receptacle is the female half that is associated with the FDDI
attachment

3.3.21
MIC Plug
the male half of the MIC that terminates an optical signal transmission cable

3.3.2
MIC aeceptacle
the fixed or stationary female half of the MIC that is part of an FDDI station

3.3.23
Mode|Field Diameter
a megsure of the width of the guided optical power's intensity distributionin the core apd the
cladding of a single-mode fibre

3.3.24
Multimode Fibre (MMF)
multinmode fibre is an optical fibre waveguide usually characterized by a core diameter of 50 to
100 pm that will allow a large number of modes to propagate

3.3.25
Opticdl Fall Time
the time interval for the falling edge of an optical pulse to transition from 90% to 10% [of the
pulse jamplitude

3.3.24
Optical Reference Plane
the plane that defines the optical houndary between the MIC Plug and the MIC Receptacl¢

3.3.27
Optical Return Loss (ORL)
the ratio (expressed in‘units of dB) of optical power reflected by a component or an asgembly
to thg optical powet incident on a component port when that component or assenibly is
introduced into a link or system

3.3.28
Optical Rise,Time
the timednterval for the rising edge of an optical pulse to transition from 10% to 90% [of the
pulse ‘arphtade

3.3.29

Physical Conne ction

the full-duplex Physical Layer association between adjacent PHY entities (in concentrators or
stations) in an FDDI ring, i.e., a pair of Physical Links

3.3.30

Physical Link

the simplex path (via PMD and attached medium) from the transmit function of one PHY entity
to the receive function of an adjacent PHY entity (in concentrators or stations) in an FDDI ring

3.3.31
Primitive
an element of the services provided by one entity to another
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3.3.32
Receiver
an optoelectronic circuit that converts an optical signal to an electrical logic signal

3.3.33

Ring

two or more stations wherein information is passed sequentially between active stations, each
station in turn examines or copies the information finally returns it to the originating station

3.3.34
Services

the s¢

3.3.35
Singldg
a stat

3.3.36
Singldg
a sing
Field

a sing

3.3.37
Spect
the we

3.3.38
Statio
an ad

TVICES provided by one entity to a higher entity or 10 SM1

Attachment Station
on that offers one attachment to the FDDI network

-mode Fibre (SMF)

le-mode fibre is an optical fibre waveguide usually characterized by a very small
Diameter (9 um-10 um). When operated above its cut-off-wavelength, it propagateg
le (i.e., fundamental) mode (see Cut-Off Wavelength)

fal Width-RMS
bighted root mean square (RMS) width of the Active Output Interface optical spectrul

N
dressable logical and physical node;on an FDDI ring capable of transmitting, rep|

Mode
s only

m

eating

and rgceiving information
3.3.39
Transpitter
an optoelectronic circuit that cenverts an electrical logic signal to an optical signal
3.4 JAcronyms
Al Active Input Interface
AQI Active Output Interface
BER Bit Error Rate
DUL Data Link Layer
FQDI Eibre Distributed Data Interface
DDJ Jitter, Data Dependent
DCD Jitter, Duty Cycle Distortion
RJ Jitter, Random
MAC Media Access Control
MIC Media Interface Connector
MMF Multimode Fibre
NRZ| Non Return to Zero Inverted
ORL Optical Return Loss
PHY Physical Layer Protocol standard

PMD Physical Medium Dependent standard
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RMS Root Mean Square
SMF Single-mode Fibre
SMT Station Management standard

3.5 Conventions

The terms SMT, MAC, PHY and PMD, when used without modifiers, refer specifically to the
local instances of these entities. When used without qualifier in this document, the term PMD
refers to both the multimode PMD and the SMF-PMD.

\/

Undernbars T COf
functipns, etc., which
were {

mig_ht ot
0 appear in text.

o1 atfe—uSeh S O— M3 Te—1ame—1o0 'gnaIS,
herwise be misinterpreted as independent individual words|if they

The Use of a period (e.g., PM_UNITDATA.request) is equivalent to the use”of undgrbars,
excepl that a period is used as an aid to distinguish modifier words appended.to an ante¢edent
expresgsion.

The yse of a colon (e.g., N:PM_UNITDATA.request) distinguishes” between two or| more
instanices of the same signal where N designates the other sourcé/destination entity.
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Figure 2 — FDDI Topology Example
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4 Services

4.1 General Description

Clause 4 specifies the services provided by the PMD (see 3.4, Conventions). These services

do not

imply any particular implementation or any interface. Services described are:

PMD services provided to the local Physical Protocol (PHY) entity (indicated by PM_prefix).

PMD services provided to the local Station Management (SMT) entity (indicated by
SM_PM_ prefix).

3. An
ar

Sid

dual station would use A:PM_ or B:PM_ as prefixes when required, whereas a PM

sir]
as|

Figure
includ
not in
an FO

examples and are intended to be logical rather than physical. Any other set of signa
causep the same physical behavior is equally valid.

4.2 PMD-to-PHY Services

This 3

entitigs of the Physical layer, to allow PHY to*exchange an NRZI code-bit stream with pee

entitie
decod

signals to and from optical signals suitable for the fibre medium but does not perfor
furthef encoding or decoding. Additional detail is provided in Clauses 6 and 7 conc

condif]
primit

The fd

PNI_UNITDATA.request

PN
PN

Each

prefix). Thus, a prefix of (N:)PM_ or (N:)SM_PM__ indicates that a PMD could dupli

optional qualifier is sometimes needed to unambiguously identify a signal wherg
multiple instances of the same signal within a service interface (indicatedy-b

nal "n" times and identify each signal with a unique qualifier. For example,.a PM

gle station may only use PM_ as a prefix. Concentrators may use other qualifiers
M1:PM_ through Mn:PM_, to uniquely identify a signal.

3 shows the block diagram organization of the FDDI Physicaldedium Dependent
ng the separate functions, related signals, and interfaces that it contains. This fig

ended to show physical implementation or physical orientation of the components
DI station. As described, the interfaces and signals hetween PMD, PHY and SM

ubclause specifies the services provided@t the interface between the PMD and th
s. The PMD parameters have beeniselected to be compatible with the encodin
ing techniques provided by the FBPI PHY. PMD translates the encoded electrica
ions that generate these primitives and PMD actions upon receipt of PHY-gen

vVes.

llowing primitives are-defined:

I_UNITDAA A Indication
I_SIGNAL.indication

brimitive includes the information that is passed between the PMD and PHY entities)

there
y (N:)
cate a
D in a
D in a
such

PMD)
ure is
within
T are
s that

e PHY
r PHY
g and
| data
m any
erning
brated
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4.2.1

This p

PM_UNITDATA.request

rimitive defines the transfer of encoded NRZI data from PHY to PMD.

Semantics of the Primitive:

(N:)PM_UNITDATA.request (

The data Pnn\/nynd hy PM Dnﬁllanf shall bhe a continuous code-hit seguence

PM_Request (NRZI code)
)

4.2.2

This grimitive defines the transfer of enceded NRZ| data from PMD to PHY.

Sema

When Generated:

PHY continuously sends the PMD layer the current NRZI code paolarity.

Fffect upon Receipt:

Upon receipt of this primitive and of SM_PM_CONTROL.request with 3
Control_Action parameter of Transmit_Enable, PMD\sShall convert an electrical
NRZI encoded code-bit sequence into the optical domain of the interfacs
medium. While the code bits are represented. by transitions of signal state
PMD shall respond to the logic level of M _UNITDATA.request. PMD shal
transmit a low light power level upon réceipt of a logic "0" and a high ligh
power level upon receipt of a logic "1™

PM_UNITDATA.indication

htics of the Primitive:

N:)PM_UNITDATA.indication (
PM_Indication (NRZI code)

)

The data conveyed by PM_Indication shall be a continuous code-bit sequence.

When‘Generated:

PMD continuously sends to PHY the current encoded NRZI code.

Effect upon Receipt:

In normal non-Loopback mode, PM_Indication is continuously sampled by the
clock recovery and decode functions of the PHY entity.
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4.2.3 PM_SIGNAL.indication

This primitive is generated by PMD and asserted to PHY to indicate the status of the optical
signal being received by PMD.

Semantics of the Primitive:

(N:)PM_SIGNAL.indication (
Signal_Detect(status)

)

The Signal Detect(status) parameter shall indicate whether the gquality and
optical power level of the inbound optical signal is satisfactory (status = on)cer
unsatisfactory (status = off). When status = off, then
PM_UNITDATA.indication is undefined but actions based on
PM_SIGNAL.indication shall be interpreted as if PM_UNITDATA.indication is
a continuous logic "0" code-bit sequence.

When Generated:

PMD shall generate this primitive to indicate the status_af the Signal_Detect.

Fffect Upon Receipt:

The effect of PHY on receipt of this primitive is, when status = off, to enter
Quiet_Line-State, and when status = en,to enable detection of other line
states.

4.3 |PMD-to-SMT Services

The slervices supplied by PMD allow SMT to control the operation of PMD. The PMD shall
perform the requested SMT services preemptively over any requested PHY services. Additional
detail [is provided in Clauses ‘6 and 7 concerning conditions that generate these primitives and
PMD actions upon receiptof SMT-generated primitives.

The fgllowing primitives are defined:

SM_PM CONTROL.request
SM_PM_BYPASS.request
SM_PM_SIGNAL.indication

. Y H 1 1 ") H 4 . ") P () " ") BAAR LN AT P
EaCh NTTITTTITIUVE TTTCTUUT S T TTITUTTITAUOTT UTAU 15 JasSSTU DT UWTTTT T TIVID Adallu oIvilT TTILITS.
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4.3.1

SM_PM_CONTROL.request

This primitive is generated by SMT and asserted to PMD to force the transmit function to place
a logic "0" optical signal on the outbound medium.

Semantics of the Primitive:

(N:)SM_PM_CONTROL.request (
Control_Action

)

4.3.2

This ¢
leave

Sema

The Control_Action parameter shall include the following: Transmit_Enable
and Transmit_Disable.

When Generated:

SMT generates this primitive whenever it wants to enable/or-disable the PMD
optical transmitter.

Fffect Upon Receipt:

Receipt of this primitive by PMD with a Contrel_Action parameter of

Transmit_Disable shall cause PMD to transmit a logic "0" optical signal (i.e.,
low light) preemptively over the PM_UNFTDATA.request primitive as described
in 6.2.

Receipt of this primitive by PMD with a Control_Action parameter of
Transmit_Enable shall cause the PMD to transmit the optical signal requested
by the PM_UNITDATA.request primitive. Receipt of this primitive shall not
affect PM_SIGNAL.indication or PM_UNITDATA.indication.

SM_PM_BYPASS:request

rimitive is generated by SMT and asserted to PMD to indicate that SMT wants to

the FDDI network.
ntics-of the Primitive:
SM PM BYPASS.request (
Control_Action
)

The Control_Action parameter shall include the following: Insert, Deinsert.

When Generated:

SMT generates this primitive whenever it wants to activate or deactivate the
optical switch(es).

oin or
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Effect Upon Receipt:

Upon receipt of this primitive with a Control_Action parameter of Insert, PMD
shall activate the optical switch such that the MIC inbound optical signal from
the cable plant is directed to the optical receiver (see Figure 3). The output of

the optical transmitter shall be directed to the MIC output to the cable plant.

Upon receipt of this primitive with a Control_Action parameter of Deinsert,
PMD shall deactivate the optical switch such that the MIC inbound optical

signal from the cable plant is directed through the switch to the MIC output to

the optical switch to the input of the optical receiver. This is called the
bypassed mode.

Additional Comments:

Optical bypass switches are optional in a FDDI network. Stations that do not
employ optical switches do not require this service. Entities that employ
optical switches shall not optically couple multimode PMD Physical
Connections and single-mode PMD Physical Connections.

SM_PM_SIGNAL.indication

This grimitive is generated by PMD and asserted t0.SMT to indicate the status of the
signalllevel being received by PMD.

Sema

htics of the Primitive:

(N:)SM_PM_SIGNAL.indication (
Signal_Detect(status)

)

The Signal_Detect(status) parameter shall indicate whether the quality and
optical powerlevel of the inbound optical signal level is satisfactory (status =
on) or unsatisfactory (status = off). When status = off, then
PM_UNITDATA.indication is undefined but actions based on

SM €£M_SIGNAL.indication shall be interpreted as if
PM_UNITDATA.indication is a continuous logic "0" code-bit sequence.

Nhen Generated:

+la KLl ] Tl + + il 1 I+ TS haoll A H tac-th .
UIic Lauitc yrartt. TTTC UuUtpul UT Tc Upueanr trdimoltimittT oftall vt Uit LiTu trimrouuyri

bptical

PMD shall generate this primitive to indicate the status of the Signal_Detect.

Effect Upon Receipt:

The effect of receipt of this primitive on SMT is not defined.
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5 Media Attachment

5.1 General

An FDDI station shall be attached to the fibre optic medium by a Media Interface Connector
(MIC). The media connection between adjacent stations consists of a duplex fibre optic cable
assembly attached to the respective Media Interface Connectors at the stations. To ensure
interconnectability between conforming FDDI stations, the Media Interface Connector mating
interface shall comply with IEC 61754-12 at the MIC receptacle. However, a specific fibre
optical cable assembly is not defined.

The MIC receptacle for single-mode fibre is identical to the multimode MIC except-foy more
precise tolerances and different keys that prevent interconnectability of singlesmoedg fibre
(SMF)Y and multi-mode fibre (MMF) MIC plugs and receptacles. The MIC receptacle is
mandatory for SMF-PMD Physical Connections combining Category | Active Output Intefaces
with Category | Active Input Interfaces. The MIC receptacle is optional for*all other |Active
Interface combinations defined by SMF-PMD (see Clauses 6 and 8).

5.2 edia Interface Connector

The primary function of this connection is to mechanically align:the optical transmission fibre
with anhother optical transmission fibre or to an optical port on a.component such as a regeiver,
a tranpmitter, or a bypass switch.

The MIC receptacle shall have latch points that mate{with latches on the body of the MIC plug
and ports that mate with the MIC plug ferrules and:aligns them and the ends of the associated
fibres|they contain with the optical reference plane:

Figurg 4 shows a possible implementation™~of the Media Interface Connector (MIC)| plug,
terminating a duplex fibre optic cable. The*MIC plug shall have mechanical latches that mate
with the latch points in the MIC receptacle. The MIC plug shall have two ferrules, one fof each
opticall fibre in the optical transmission cable, which hold the fibres. These ferrules shall be
mounied in the body of the MIC plug in such a way as to allow resilient movement duripg the
mating process so as to align them to the ports in the MIC receptacle and position the pptical
fibre gnds at the optical reference plane. Any MIC plug implementation is allowed, provided it is
compatible with the SMFintermateability geometry requirements of IEC 61754-12. Theg MIC
receptacle shall provideimeéchanical polarization to prevent improper attachment of inplit and
output fibres.

The MIC receptacles of a station shall be keyed to prevent improper MIC plug attachment.
Keying of the (MJC plug itself is optional. However, keyed or not, the MIC plug shall be marked
(label¢d) totindicate proper attachment.

Four l(mjlc are defined for MIC rnr‘nptnr‘lnc as _shown in I:ignrn 5 __MIC SA (D imary

In/Secondary Out) and MIC SB (Secondary In/Primary Out) provide for attachment of dual
attachment stations into an FDDI ring. MIC SM, used with the concentrator function, provides
for the attachment of single attachment stations to a concentrator. MIC SS, used on a single
attachment station, provides for its attachment to a concentrator. Requirements for the use of
MIC SA, MIC SB, MIC SM, and MIC SS in FDDI networks are specified in the FDDI SMT
standard.
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Figure 4 — Example of Media Interface Connector (MIC) Plug

While[the MIC forward transmission loss is not directly specified, the return loss is spgcified
(see §.3.1).

Tradetoffs between connector/fibre precision and source/detector performance (as well as
other |factors such as switch loss) aresimplementation issues. Imperfections in the MIC
receptacle are included in the power_and sensitivity requirements of the respective $tation
attaciment. Imperfections in the MICplug are included in the cable plant loss (see Claus¢ 8).
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5.2.1 Keying Detalil
Figure 5 shows the keying requirements for the MIC receptacle. When viewing the MIC

receptacle with the keying on top, the left ferrule shall be the station optical output port. The
right ferrule shall be the station optical input port.

——\/\ /T Y2 Y2

N

tation Optical Output Station Optical Output

Type SA Type SB

\WAVEEEER YA/

/ N\ / N\

Type'SM Type SS

Not to|scale with keving exagerated for illustration.

Figure 5 — SMF-MIC Keying Details (Wavelength Option 1)
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6 Media Signal Interface

6.1 General Description

Clause 6 defines the interfaces of the optical signal at the interconnect receptacles shown in
Figure 3. Two categories of Active Output and Active Input Interfaces are defined. Each is
distinguished by its average power requirements. All four possible combinations of Active
Interfaces are allowed and provide for a range of cable plant loss budgets. Typically, an
implementer would choose a category of Physical Connection that is appropriate for his cable
plant loss characteristics and transmission distance requirements. See Clause 8 for a
description of the allowed cable plant losses for the different combinations. (See Annex B for a
guide [to estimating cable plant length and loss.)

Each |conforming single-mode fibre FDDI attachment shall be compatible wijth “this o¢ptical
interfgce to allow interoperability within an FDDI environment. The parameters specified in
clause 6 are based on a requirement that the BER contributed by the repetition through an
FDDI pttachment shall not exceed a BER of 2,5 x 10~10 under all conditiod$)specified in ¢lause
6, including the minimum Active Input Interface power level. In addition, the FDDI attachment
shall pot exceed a BER of 1 x 10~12 when the Active Input Interface-power level is 2[dB or
more pbove the minimum level.

The aftive input and output specifications contained in clause“6 are based on the use of SMF
as defined in clause 8.
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6.2 Active Output Interface

6.2.1

Category | and Il Active Output Interfaces shall exhibit the characteristics in Table 1.

Characteristics
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Table 1 — Characteristics of Category | and Il Active Output Interfaces

Category | Category Il

Min. Max. Min. Max. Units
Central Wavelength (Note 1) 1270 1340 1290 1330 nm
RMS Spectral Width (Note 1) -- 15,0 -- 5,0 nm
Averagg Power (Note 2) -20,0 -14,0 -4,0 0,0 dBm
Rise Time (10-90%) -- 3,5 -- 2,0 ns
Fall Time (90-10%) -- 3,5 -- 2,0 ns
Duty Cycle Distortion, peak-peak -- 1,0 -- 10 ns
Data Dependent Jitter, peak-peak (Note 3) -- 0,6 -- 0,6 ns
Random Jitter, peak-peak (Note 4) -- 0,76 -- 0,76 ns
Extinctjon Ratio -- 10,0 - 10,0 %
Transnlission Penalty (Note 5) -- 1,0 -- 1,0 dB
1) Upe IEC 60793-1-4 method IEC 793-1-C6 to measure Central Wavelength and r.m.s. Spectral Width.
2) The data pattern for this measurement shall be a stream of Halt’'symbols.
3) Dhpta Dependent Jitter is specified for the test data pattern specified in Annex A. Annex A also prqvides
possibje test methods.
4) Rpndom Jitter is specified as the peak-peak value“where the probability of exceeding that value is equal to
2,5 x [10-10, For a Gaussian probability distribution, the specified peak-peak value is equal to 12,6 timgs the
r.m.s. jalue.
5) The penalty for all transmission related.\causes (e.g. optical reflections and mode partition noige) is

measu
60 kiloj
conne

red with 20 dB ORL at the AOI with 20 kilometers of 3,5 ps/nmEm fibre for AOI Category | and
meters of 3,5 ps/nmEm fibre for AOI Category Il. The penalty is measured relative to a physical
tion operating at equivalent power,levels and with =< 30 dB of ORL.

6.2.2

The H
overs
frequd
in Fig
prese
excee

Pulse Envelope-Test

5 nanoseconds Interval,
methods see annex A.)

Pulse Envelope~test requirements include limits of pulse width, rise and fall times,
noot, ringing,® and undershoot measured at a lower frequency than the opgrating
ncy. The output optical pulse shape shall fit within the boundaries of the pulse enyelope
iIre 6.<Puring the first 5 nanoseconds following an optical level transition, ringing may be
ht which exceeds the limits of the pulse envelope as long as the ringing frequency

ds<.375 MHz and the 50% level of the ringing complies with Figure 6. After the
d T I, the signal shall conform to the envelope without exception. (For test

For rise and fall time measurements, the maximum positive and minimum negative waveform
excursions in the zero and 100% time intervals shall be centered around the 0,0 and 1,00
levels, respectively. A minimum bandwidth range of 100 kHz to 750 MHz is required for the
measurement equipment used to evaluate the pulse envelope shown in Figure 6 for Category |
Active Output Interfaces and Figure 7 for Category Il Active Output Interfaces.


https://iecnorm.com/api/?name=f69a0c8723aecef85c5a44ae6b3b270c

—29_

9314-4 © ISO/IEC:1999(E)

{su) auwii}

wdd 006 ¥ 08

mmv?l‘.

cgfy

fee-0f G-fet—f () | s

P -+ -

[BAIBIUI

Ut o\ooor\

YA

ISET]
W] %0

—+ 05

spnyjdwe
aAlEloY

06'0

¢
—1—> 5260 -00%1

Gav'1 —e
— so'y

520"t

lagt—— C /0 2

62N

Figure 6 — Category I PUISEe ENVelope Test

—»={ 00

F

g



https://iecnorm.com/api/?name=f69a0c8723aecef85c5a44ae6b3b270c

9314-4 © ISO/IEC:1999(E)

—-30 -

Figure 7 — Category Il Pulse Envelope Test

(su) awiy
- wdd g0s ¥ 08
] 00'S f=— —» 68 je—
— fe—g, 18°0—> |- (a9 Gate—0 0L —>
f -
0LFOV 001'-
50°0-
I\J —+ III\mNOsO|
§ PSS P2 & e S == 25 ) ey
IJ — Y _ o5 520
_wiec_/
3wl %0
—] [l— 00"t ——os‘
apndwe
aAlje|aY
|eajajul
awil ¢ OQ
[ 7 06'0
'3
-~ - == - - - eyt = — ey = -mum.ooo:
——= 5204
- G2t
180 ] b eg's ofot —{ ja—6L°L
—i 68'p be— —»| 00°G fea—



https://iecnorm.com/api/?name=f69a0c8723aecef85c5a44ae6b3b270c

9314-4 © ISO/IEC:1999(E) -31-

6.3 Active Input Interface

Category | and Il Active Input Interfaces shall operate when provided with a signal with the
characteristics in Table 2.

Table 2 — Characteristics of Category | and Il Active Input Interface Signals

Category | Category Il

Min. Max. Min. Max. Units
Central Wavelength (Note 1) 1270 1340 1290 1330 nm
Averagg-Rower(Note-2) 31,0 140 37.0 150 dBm
Rise Time (10-90%) -- 5,0 -- 5,0 ns
Fall Time (90-10%) -- 5,0 -- 5,0 ns
Duty Cycle Distortion, peak-peak - 1,0 -- 1,0 ns
Data Dependent Jitter, peak-peak (Note 3) -- 1,2 -- 1,2 ns
Random Jitter, peak-peak (Note 4) -- 0,76 -- 076 ns
1) Usq IEC 60793-1-4 method IEC 793-1-C6 to measure Central Wavelength.
2) The| data pattern for this measurement shall be a stream of Halt symbols.

3) Dat
pos

4) Rarn
2,5
r.m

h Dependent Jitter is specified for the test data pattern specified in‘Apnex A. Annex A also prg
Sible test methods.

x 10-10, For a Gaussian probability distribution, the specified/peak-peak value is equal to 12,6 timg
s. value.

vides

dom Jitter is specified as the peak-peak value where the probability of exceeding that value is eqpual to

s the

6.4
6.4.1

The b
mediu

Station Bypass Interface
Characteristics

ypass function is optional for Category | stations. In the bypassed mode the in-

loope

to connect multimode PMD Physical Connections to SMF-PMD Physical Connections

Figur

back to the input to the optical receiver. Optical bypass switches are not a

3). When the station's power is off, then the station shall be in the bypassed mod

bound

m is connected to the out-bound*medium and the output of the optical transmifter is

lowed
(see
. The

timing| relationships for transitioning from bypassed to inserted, or from inserted to bypassed,

shall
imple
consiq

e as shown in Figure 8. The characteristics in Table 3 below apply to Cate
entations only. Bypassing of Category Il or mixed Category | and Il implementati
ered to be outside’the scope of this part of ISO/IEC 9314.

Table/3-— Characteristics of Category | Optical Bypass Implementations

gory |
ons is

Test Per Min. Max. Units

Attenud

tion”(In-bound to Out-bound) IEC 61300-3-4 0,0 2,5 dB

Interch

nner1solation IEC 015UU-5-9 4U,U === ab

Switchi

ng Time (Tg)) - --- 25,0 ms

Media |

nterruption (Ty,) 15,0 ms

Optical

Return Loss (ORL) IEC 61300-3-6 20,0 dB
Method 1
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Where the light sources are as follows:

{Inserting / Deinserting)

Initial MIC PO light source’ = (MIC PI/ Transmitter PO)
Initial MIC PO light-source = (Transmitter PO / MIC P1)
Initial MIC SO light source = (MIC SI/ Transmitter SO)
inttial MIC SO fight source = (Transmitter SO /7 MIC Sl)

Figure 8 — Station Bypass Timing Characteristics
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6.4.2

Tos

Top

Ts)

Station Bypass Timing Definitions

Optical switching speed.

The amount of time it takes an output fibre to switch between two input
fibres. The start of Tog is defined as when the optical power first falls

1,5 dB below the power level from the initial source. Tog ends

when

the optical power settles within —1,5 dB of the signal from the final

source.

Difference delay time.
The absolute difference in delay switching times between the p

rimary

and secondary switches. The delay difference is measured at the

1. 5dB pninfe fraom-the final source loveal
7 -

Media interruption time.

optical primary or secondary signal is interrupted during the inser
deinsertion of an optical switch. Only Ty, is limited which allows
offs between Tgg and Tpp. Ty shall not exceed 15,0nms.

Switching insertion/deinsertion time.
The time from when the optical switch is inserted or deinserted td
the optical signal rises to within —1,5 dB of its<final value from a s
Tg is the amount of time a station shall wait'after going into the 4
mode before it may reconfigure. This papameter is measured frg
50% electrical level to the —1,5 dB optical level. Tg| shall not ¢
25,0 ms.

|_Max Maximum switching insertion/deinsertion time.
|_Max is the maximum value of Tg that is allowed for the statio
default value of I_Max is 25,0 ms.
MI_Max Maximum media interrufption time.
MI_Max is the maximum value of Ty, that is allowed for the s
The default value of'MI_Max is 15,0 ms.
7 Interface Signals
7.1 [General Description
Clausg 7 defines the interface of the signals between SMF-PMD and SMT and also be
SMF-PMD and PHY. Each conforming FDDI attachment shall be compatible with this int
to allgw interoperability within an FDDI environment. Conforming implementations may €
any design technigue which does not violate interoperability.

The optical_power levels referenced in clause 7 relates to the Active Input Interface a
Activegl Output Interface. The P,y n (Power Average Minimum) for Category | and Cate

Activ

Input Interfaces are defined in Table 2.

Twmi is equal to the sum of Togg and Tpp. Ty is the amount-of time the

ion or
trade-

when
purce.
ypass
m the
xceed

n. The

tation.

tween
erface

mploy

nd the
pory |l

7.2

Optical Receiver

The optical receiver transforms the incoming optical signal to an equivalent (electrical) signal
that is presented to PHY. A Signal_Detect parameter shall be presented to PHY to indicate the
presence or absence of an optical signal. The data outputs of the receiver are related to the
Signal_Detect parameter and are described in 7.2.1 below.
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7.2.1 Signal_Detect

Signal_Detect is intended as an indication that an optical signal of sufficient quality is being
provided to PHY to correctly identify and decode Line-States. It is characterized by the
threshold levels that it changes state on, by the hysteresis between these levels, and by the
timing of the Signal_Detect output relative to the Receiver data outputs. It is not intended to
require PMD to have the services required for monitoring BER. Category | and Category Il
Active Input Interfaces require different Signal_Detect threshold levels.

7.2.1.1 Signal_Detect Thresholds and Hysteresis

For Signal_Detect to be asserted, the BER of the Receiver outputs shall be less than 0,01.
Signal—Detettstrattbeassertedforany power tevet of Py O Tigher—T e o ajlowed
powerl level for deassertion shall be the power that gives a 0,01 BER on the receiver @utguts or
(Pav-dun —14,0 dBm), whichever is the greater. The minimum allowed hysteresis befwegn the
asserfion and deassertion levels shall be 1,5 dB. (Where Ppy_yn = —31,0 dBm, for Catggory |
Activeg Input Interfaces and —-37,0 dBm for Category Il Active Input Interfaces.) Figure 9
illustrates these requirements.

PAV- IN

Input Optical Power.
(= 4,0 dB step decrease)
----------------------- min ( Pd + 4,0 dB Or,R.N”N)

i

Pd = max( Pb or Pav_Min-1¢4,0 dBm)
(Pb = input power for BER 0,01)

Input OpticaliPower
(= 1,5 dB step increase )

Top ical Power PAV-MIN - 14,0dBm
Time _>
—V <— AS_Max Pu ANS_Max
Sighal_Detect (on) : (<200 mrcrosey/ (<350 microgec.)

7

Sigral_Detect (off) Signal_Detect [off)

Figure 9 — Signal Detect Thresholds and Timing

7.2.1.p SignalyDetect Timing Requirements on Assertion

The Sfignal_Detect output shall be asserted within 100 microseconds after reception of a|stable
| input. Moreover the Recerver data outputs shaII reflect a BER of Iess tham 0,01

optical mput (LS Max = 15,0 mrcroseconds is defined in the FDDI PHY standard) The data
pattern of the incoming optical signal stream may be any valid symbol stream.

NOTE The Optical Transmitter is not required to achieve stabilized operation until after a TE_Max interval
(see 7.2). Accordingly, Signal_Detection = on does not guarantee that the Receiver BER =< 0,01 until after a
TE_Max + AS_Max interval.

AS_Max Maximum acquisition time (signal).
AS_Max is the maximum Signal_Detect assertion time for the
station.AS_Max shall not exceed 100,0 us. The default value of
AS_Max is 100,0 us.

ANS_Max Maximum acquisition time (no signal).
ANS_Max is the maximum Signal_Detect deassertion time for a
station. ANS_Max shall not exceed 350 pus. The default value of
ANS_Max is 350,0 pus.
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7.2.1.3 Signal_Detect Timing Requirements on Deassertion

The Signal_Detect output shall be deasserted within a maximum of 350,0 microseconds after a
step decrease in the optical power from a power level which is the lower of the following two
numbers:

Pav-min dBm, or

P

d + 4,0 dB, where, Pd = Power Level for deassertion

to a power level of (Pay.\n —14.0) dBm or less. This step decrease in the power level shall
have occurred in less than 8 nanoseconds. The Receiver output shall reflect, with a BER of
0,01 or less for a period of 12,0 microseconds or until Signal Detect is deasserted, an input

data
maxi
for an|
functi

tream consisting of Quiet symbols. Signal_Detect shall also be deasserted wi
um of 350,0 microseconds after the BER of the Receiver outputs degrades_beloV
optical input data stream that decays with a negative ramp function instead- of

DN

Table 4 — Summary of Clause 7

ithin a

v 0,01
h step

Minimum Maximum

Assert

ime -—-- 100,0 us

Deasssg

rt time

350,0 ps

Assert

Power (Pa) Pd + 1,5dB PAV-MIN dBm

Deasssg

rt Power (Pd) (PAvV-MIN —14,0 dBm) or Pb

whichever power is the higher

Hysterg

sis 1,5dB

NOTE

Pb = Power into the active input which yields a BER.ef\0,01 or less.

7.3

PMD
Contr
transit
outpu
Contr
currer
symbq
envelq
the Tt
The o
0,0 dH
Trans
(Trang
Contr

Optical Transmitter

hall provide a service to SMT called SM_PM_CONTROL.request. When SMT pa
bl_Action parameter of Transtit_Disable, the optical output of the transmittel
ion to the logic zero statesindependent of the PM_UNITDATA.request primitive
shall have an average optical power level of less than —45,0 dBm. When SMT pa
bl_Action parameter of Transmit_Enable, the transmitter optical output shall transr
t PM_Request (NRZI code) value of the PM_UNITDATA.request primitive. The
| stream shall consist of the PH_UNITDATA.request primitive, and shall have a s
pe allowing a monotonically non-increasing BER in the TE_Max interval after rec

5ses a
shall
ind its
5ses a
nit the
bptical
art up
bipt of

ansmit_Enable jparameter. Stable operation shall be achieved after the TE_Max in
ptical transmitter shall have an average power level that does not exceed —14,0d
m for Category | or Category Il respectively during any interval after the receipt
Mit_Enable parameter. The Optical Transmitter shall respond to the Control_|
mjt\Enable) within TE_Max 1,0 ms. The Optical Transmitter shall respo

erval.
Bm or
of the
Action
nd to

b\ Action (Transmit_Disable) within TDS_Max = 1,0 ps.

TE_Max

TDS_Max

Maximum transmit enable time.
The TE_Max shall not exceed 1,0 ms.

Maximum transmit disable time.
The TDS_Max shall not exceed 1,0 ps.
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8 Cable Plant Interface Specification

8.1 Cable Plant Specification

Clause 8 defines the network requirements for an FDDI single-mode fibre optic cable plant.
The term "cable plant" encompasses all the fibre optic components between any two
communicating stations and the associated Media Interface Connector (MIC) plug at each end.
The requirements specified herein apply to both dual and single attachments.

Conformance to this part of ISO/IEC 9314 shall be met by following procedures as specified.

Th tr + H | I + Hiacl £ . &l £ Kkl [ +
e St olyriartimay o iraroimmmtitcu iTutiT TITT TTTu UT e vaurc prarit.

Genellic cabling systems as specified in ISO/IEC 11801 support FDDI networks-if optional
singlel mode optical fibres are installed. It is therefore recommended that newly ingtalled
cabling conform to ISO/IEC 11801 and that it includes single mode optical fibre.

The gpecifications in Clause 8 are intended to assure interoperabilityof FDDI confgrming
attacHments with SMF optical cables?).

8.1.1 | Cable Plant Attenuation

The fqur possible combinations of Active Interface categories.shown in the table below wjth the
corregponding minimum and maximum allowed cable plant attenuations.

Table 5 — Active Input/Output Intefface Combinations

ADI All Min. Max. Test Per

AOI_I All_l 0,0 dB 10,0 dB Method IEC 793-1-C1A found in IEC 60793-114

AOI_I All_ll 1,0dB 16,0.dB Method IEC 793-1-C1A found in IEC 60793-114

AQI_lII All_l 14,0 dB 26,0 dB Method IEC 793-1-C1A found in IEC 60793-114

AOI_II All_Il 15,0 dB 32,0dB Method IEC 793-1-C1A found in IEC 60793-114

1) Ore (1) dB has been removed from/the maximum power budgets to account for reflection and dispefsion
pepalties.

2) The AOI_I maximum spectral ‘width combined with the dispersion characteristics of the cable plant|(see
8.1.2) may cause this pairing of Active Interfaces to be dispersion limited rather than loss limited. Undgr the
worst case combination_of source and cable attributes, the dispersion limit is expected to be negr 35
kilpmeters.

Attengation @.1/ 300 nm.

This ptt€nuation reflects the end-to-end insertion loss which includes cable attenuation

(typicatty ——0;5 0Bk, TmacTobendt0SSes, —and the t0SSes of other components—such as

splices, connectors and bypass switches when implemented.

If the intrinsic loss of the cable plant does not provide the minimum attenuation for the Physical
Connection being used, an attenuator shall be inserted in the Cable Plant at the Active Input
Interface end to reduce the power to the maximum power acceptable by the Active Input
Interface.

1) see annex B for a guide to estimating maximum cable plant lengths.
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8.1.2 Fibre, Optical

Table 6 — Fibre Optical Parameters

Parameter 2) Value Test Per
Zero Dispersion Wavelength (Ag) 1300 nmto 1 322 nm Method IEC 793-1-C5 found in
IEC 60793-1-4
Zero Dispersion Slope (Sq) < 0,095 ps/[nmz-km] Method IEC 793-1-C5 found in
IEC 60793-1-4
Maximum Dispersion 3,5 ps/[nm-km] Method IEC 793-1-C5 found in
(1285 to 1330) nm IEC 60793-1-4
Made Field Diameter (8,7 pm to 10 pum) + 0,5 pm Methods IEC 793-1-C9A and C9B
found in IEC 60793-1-4
Caple Cut-off Wavelength (A¢c) <1270 nm Method IEC 793-1-C7B found'in
IEC 60793-1-4

8.1.3 | Fibre, Dimensions

Table 7 — Fibre Dimensions

Parameter 2) Value Test Per

Cladding Diameter 125 pm £2 pm Method IEC 793-1-A2 found
in IEC 60793-1-2

Cladding Non-circularity +2 % Method IEC 793-1-A2 found
in IEC 60793-1-2

Core to Clad Concentricity Error < 1,0 um Method IEC 793-1-A2 found
in IEC 60793-1-2

8.1.4 | Fixed Attenuation

The cpble plant shall provide the capability of optical attenuation to be used to bring thge total
attenyation of any link within thesdynamic range of the Physical Connection being used. The
attenyation shall be inserted in‘the cable plant at the Active Input Interface end.

8.2 Bypassing

A property of the cable plant is the method of bypassing chosen in the application. The [Cable
Plant [attenuation«limits given above apply to the Cable Plant in the worst case bypassed
configuration. This ' may mean that part of the Cable Plant loss is allocated to bypass pwitch
loss cpntained.in an FDDI node when several FDDI segments are concatenated.

8.3 [Connectors and Splices

The MIC plug for connection to an FDDI node shall be compatible with the requirements
specified in Clause 5, Media Attachment. Connectors and splices of any nature are allowed
inside the cable plant. The number and quality of connections affect the loss of the cable plant
and represent a design tradeoff outside the scope of this part of ISO/IEC 9314.

8.3.1 Optical Return Loss

The optical return loss of SMF-PMD optical connectors, splices, bypass switches and
attenuators shall be 20 dB or greater when tested according to IEC 61300-3-6 Method 1.

2) The specifications for fibre referenced above are excerpted from early work related to IEC 60793-1-1 /
IEC 60793-2. In the event that this standard differs from IEC 60793-1-1 / IEC 60793-2, the IEC standards shall
prevail.
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[t Interface _toithe spectrum analyzer should be short to minimize spectral filtering
cable. The-output signal during the measurement shall be a stream of Halt symbols.
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Annex A
(informative)

Test Methods

General Description

Physical Layer Medium Dependent (SMF-PMD), ISO/IEC 9314-4, but are includ
ation purposes only.

hnnex defines terms, measurement techniques, and conditions for testing jittd
Il time. It deals with issues specific to FDDI and is not intended to supplant standa

1 to the optical interface specifications.

same procedures may be used to measure a singleTcomponent of the s)
pnent performance is outside the scope of FDDI compliariee but it is useful from a
bint. Annexes B and C provide exemplary informatioh. on how to interpret comy

Active Output Interface
Optical Power Measurement

huse 6.2, the Active Output Interface;\specifies the average optical power launchg

F conforming to subclause 8.1. The output power shall be measured using a cali

meter and with the station_transmitting a stream of Halt symbols. This
ponds to using a 12,5 MHz square wave test signal. Care should be exercised to e

Optical Spectrum Measurement

entral Wavelength)and r.m.s. spectral width of the Active Output Interface are mea
an optical spectrum analyzer. The patch cable used to couple the light from the

bnal information can be found in method IEC 793-1-C6 of IEC 60793-1-4.

Rise/Fall Response Time Measurement

e optical power meter is properly calibrated over the optical spectrum of the source}

r and
d test

jures referenced in the specifications. It directly applies to verifying,station perforinance

stem.
lesign
onent

d into
orated
attern
nsure

\sured
Active
by the

Active Output Interface rise/fall response times shall be measured between the 10% and 90%
optical power points using a wide bandwidth opto-electronic receiver and an oscilloscope. The
output signal during the measurement shall be a stream of Halt symbols. The optical waveform
shall fit within the boundaries of the template in Figure 6. It is important that the frequency
response and gain flatness of the opto-electronic measurement system be wide and flat
enough to yield accurate optical rise and fall times. A minimum frequency response bandwidth

range

of 100 kHz to 750 MHz should be used.
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A.2.4 Jitter Measurements

The Active Output Interface jitter specifications apply in the context of a 2,5 x 10-10 BER. Jitter
may be measured with an oscilloscope or a Bit Error Rate Tester (BERT) as described in A.3
and A.4. The station should transmit the pattern given in A.5 when Data Dependent Jitter (DDJ)
is measured. A stream of Idle symbols shall be transmitted when Random Jitter (RJ) and Duty
Cycle Distortion (DCD) are measured.

With the exception of DCD, jitter is difficult to measure accurately on an oscilloscope. The
oscilloscope procedure is illustrative, but often underestimates the actual amount of jitter. In
case of doubt, the BERT test procedure should be used to verify the limits of the jitter.

A.2.5 | Extinction Ratio

The Active Output Interface Extinction Ratio is a measure of the modulation depth’ of the pptical
wavefprm exiting the station. The output signal during the measurement shall be a strdam of
Halt symbols.

The measurement may be made with a DC-coupled wideband opto-electronic receivgr that
linearly converts optical power to voltage. The extinction ratig<is the ratio of vpltage
corregponding to the 0% level (low light) to the voltage corresponding to the 100% (high light)
level and shall be measured using a stream of Halt symbols. If-is important that the recegiver's
frequgncy response, gain flatness and linearity over the range _of optical power being megsured
be sufficient to provide accurate measurement of the 0% and’100% levels.

A.3 JActive Input Interface

The rise/fall times, jitter, and average power_ranges specified in 6.3 apply to the DDJ Test
Pattern and define the optical test signal foer.the Active Input Interface. A compliant $tation
should receive the test signal over the range of conditions specified with a frame error raje that
corredponds to a BER less than or equal’to 2,5 x 10710, The requirements in Clause § were
written in terms of BER to facilitate the“specification of components to be used in a pafticular
implementation.

The spurce of the Active Inputjinterface test signal shall be any optical source conforn]ing to
the specifications in 5.2. It should transmit the DDJ test pattern given in A.5. The FDDI PHY
docunpent provides a deseription of both the coding scheme and the allowed test signal] base
frequégncy variations.

The ripe/fall timgs and jitter of the test signal may be varied by having the source of the pattern
transmit through*longer than normal lengths of cable. If forced to chose between the proper
DDJ ¢r risetfall times, then an adjustment should be made to achieve the proper DDJ. The
DCD of theDDJ test pattern should be adjusted electrically at the test signal source because
cable |erigth and modal bandwidth variations do not increase DCD.

The average power of the DDJ test pattern may be adjusted with a variable optical attenuator.
A high power source may be needed to verify the dynamic range of the Active Input Interface.

The rise/fall times and jitter of the DDJ test signal may be measured with the methods outlined
in A.1, A.3 and A.4. Components used in a particular implementation may also be measured
with these methods.
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A.4 Distortion and Jitter Contributions

DCD and jitter are measured as the deviation from the ideal time position of the signal at the
50% point of the signal. The 50% point is identified as the zero crossing of the AC-coupled
signal. The zero level is established in absence of the signal.

There are three types of jitter used in the PMD specifications. The definitions are given below
and the test methods are given in A.4.

Duty Cycle Distortion (DCD) DCD is often caused by propagation delay differences for
low-to-high and high-to-low transitions. DCD is the
deviation of the measured symbol duration from the
nominal 8,0 ns width. It is measured on a _continuous
stream of Idle symbols (i.e., a 62,5 MHz square wave).

Data Dependent Jitter (DDJ) DDJ is related to the transmitted symbol séquence. It is
caused by the limited bandwidth characteristics ¢f the
optical channel components. DDJ reSults from non-ideal
individual pulse responses and variation in the average
value of the encoded pulse sequenee that may cause|base-
line wander and might change_thé“sampling threshold level
in the receiver.

DDJ should be measured “using the pattern describped in
A.5. DDJ is often seen(in combination with other types of
jitter. It is possible tog{measure the effects of DDJ without
the effect of random/jitter by working 4 dB to 6 dB [above
any random naise' related limit, however, the assdciated
probability of jitter should then be 1,0 x 10-12.

Randgm Jitter (RJ) RJ is primmarily due to thermal noise contributed |n the
optical receiver. RJ is modeled as a Gaussian process. RJ
shouldaverage to zero. It should be characterized py the
peakwalue at a 2,5 x 10~10 probability.

Random Jitter should be measured using a stream pf Idle
symbols. In this case DCD is easily separated out aphd the
measured jitter should only consist of RJ.

A.5 istortion and Jitter Measurement
A.5.1 | DCD Measurement
The opto-electronic measurement system described in A.1.3 should be used to measurg DCD

using |a stream-of Idle symbols (i.e., a continuous 62,5 MHz square wave). The widths |of the
high gnd low state levels of the waveform should be measured at the 50% amplitude poin}.

DCD(ns) = 0 5((width of wider state) — (width of narrower state))

A.5.2 RJand DDJ Measurement

There are two methods for measuring jitter: the oscilloscope method and the BER Test
method. The BER Test method is more accurate than the oscilloscope method, but requires
access to the clock signal used to create the data pattern. The BER Test method may be used
to test an FDDI station's Active Output Interface and to measure the jitter of the signal used to
test an Active Input Interface. The BER Test method may also be used to measure the jitter of
components being used in a particular implementation of the Active Input and Output
Interfaces.
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A.5.2.1 Oscilloscope Method

An eye pattern wave form is displayed on the screen of an oscilloscope. Jitter is measured as
the width of the zero crossings of the eye pattern. Since jitter is measured at an associated
probability, and since oscilloscopes usually do not display events having a low probability of
occurrence, the oscilloscope method may not accurately measure peak to peak jitter at a
probability of 2,5 x 1010 or less.

A.5.2.2 BER Test Method

The BER jitter measurement method compares an unjittered waveform with a jittered waveform
on a bit by bit basis and calculates the BER. The decision point for the comparison (the clock)
is varied over the interval

T Tp
To - —2< T < T + 2
0] > d o] 5

Wherg

To is the optimal decision point (center of eye diagram)
Tp is the bit period = 8,0 ns

Td is the decision point

For e3ch position of Ty a BER measurement is taken giving the probability of jitter occurfing at
that Ty position. In effect, the test moves along.the zero crossing line of the eye pattern,
meas(iring the probability of the occurrence of gitter at each point in the eye. The rangg of T,
valueg that result in a BER less than or equakto 2,5 x 10-10 gives the window (W_jf) in tIe eye
that dpes not have jitter of this probability..The peak to peak jitter in the waveform is ther¢fore:

Jitter =T b — W_jf

In practice, a BER test set is used to make the bit by bit comparison, to increment the error
countfand to calculate the measured BER. The clock, or decision point, is moved acrogs the
eye ppttern. When testing for compliance to the Active Output Interface specifications, the
clock may be extracted from the optical signal exiting the station. It is important that the jitter of
the tept receiver used to/measure the Active Output jitter be low enough to measure the jitter
contributed by the_'station. Component test beds and Active Input Interface test [signal
generfptors provide:direct access to a suitable clock source to use in the BER Test methof.

is usufally 'subtracted from a measurement because it is easy to measure separately. A gtream
of Idlg symbols is used to measure RJ. The DDJ test pattern is used for DDJ measurements.
DDJ and RJ may be separated as described in A.3.

The jER Testmethod may be used to measure both Random and Data Dependent Jitter, DCD

A common practice used to save time is to measure the jitter at higher probabilities (e.g., 1,0 x
10-8 probability) and then extrapolate to the jitter width at a 2,5 x 10~10 probability.

A.6 DDJ Test Pattern For Jitter Measurements

The symbol pattern provided below is used for testing FDDI components or physical links for
DDJ. The symbols used in this pattern are defined in the FDDI PHY document. The data
pattern meets the coding requirements of FDDI and represents a case that may be
encountered during normal data transmission.
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The pattern is 256 symbols long (1 280 bits) and is transmitted continuously during the test by
repeating it. When 4B/5B NRZI encoded, this sequence causes a near worst case condition for
inter-symbol interference and duty cycle base-line wander of 50 kHz.

When the pattern is used to test the jitter introduced by a particular component, it may be used
directly as shown below:

nJ3XK,4,D,3,1,8,B,F,8,E,3,9
5,E,6,9,C,A,0,2,4,2,4,7,0,3,B,F
1,8,1,9,3,E,5,9,6,E,C,A,D,7,0,D
7,0,7,0,7,0,2,4,2,4,2,2,4,2,7,0
4,7,0,2,7,4,0,3,1,8,B,F,8,E,3,9
5,E,6,9,C,A,0,2,4,2,4,7,0,3,B,F
1,8,1,9,5,E,5,9,6,E,C,E,D,7,0,D
4,0,2,2,7,4,0,3,1,8,B,F,8,E,3,9

When|the pattern is used to test Active Input and Output Interface specifications it is suggested
that ap implementer replace:

line 1 with a copy(oftline 3
line 9 with a copy of line 6
line 11 with a.copy of line 13
line 16 with a copy of line 8

Multiple copies ofithe resulting pattern constituting a maximum length information field of
a franje may then be incased in appropriate MAC headers and trailers for transmission by a
station as astest frame.

The implementer is reminded that the Active Input Interface requirements apply to any valid
signal sequence, and that Active Input Interface performance is dependent on the receivers

symbol sequence. The FDDI coding format may result in symbol sequences that have a
constant 40 % or 60 % duty cycle. Repetitive transmissions of maximum length frames of a
single symbol may result in baseline wander frequency as low as 1,38 kHz. An implementer
may wish to verify active interface conformance using a maximum length frame of repeating '7’
symbols.
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Annex B
(informative)

Cable Plant Usage

B.1 Cable Plant Length

Claus

for fgur combinations of single-mode Active Output and Active Input Interface.‘P

Connd
10 dB

Interface and a Category Il Active Input Interface will support optical cable lengths up
kilomgters based on the assumptions noted in table B.1. Other combinations.will support
distances.

As exjamples of cable length estimates, referring to table B.1, cofisider Combination
singletmode Physical Connection between two active stations utilizing Category | Active

Interfaces and Category | Active Input Interfaces (10 dB powerdudget) and Combination
singletmode Physical Connection between Category Il Active . Output Interfaces and Cate

Active

is accpunted for in the interface power specifications 0f.5{2 and 5.3, and is not included

cable

and ppwer penalties. No bypass switches are includedtin these examples.

Using|a statistical approach, the system loss.(Gudget constraint requires that the mea
(Mg) of the station exceed the mean loss (i) of the cable plant by at least two stg
deviations
where:
e -, > 20 (1)

ctions. These Combinations provide maximum optical power budgets at 1 300~n
to 32 dB. For planning purposes, the combination of a Category Il Active

ysical
from

Dutput
to 58
lesser

(1), a
Dutput
(2), a
ory |l

Input Interfaces (32 dB power budget — see table B.1),"The MIC at each end of the link

plant. One (1) dB has been removed from the~specifications to account for refle

DG_L :[DGZ ¥ DLZ]lIZ

For thisyexample,

in the
ctions

N gain
ndard

MgnPr —Pp @)
Uoe = Uor + Uar (3)
Ll =11 + N 1 4+ N Ll (A
"L tTc s's con "con N
DZ’L = IR It DZ,C + NS DZ,S + NCOn DZ,CO” (5)

where l; is the total sheath length of the cable plant and I is the average
reel length.
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The following statistics are assumed:

Table B.1 — Parameters for Cable Length Estimates at 1 300 nm

Combination (1) Combination (2)
Transmitter P+ =-20 dBm —4 dBm
Or=0dB 0dB
Receiver Pr =-31dBm —37 dBm
Ogr=0dB 0dB
Buffiget lc=11-1=100dB 33-1=3208B
Og =0dB 0dB
Caple e = 0,40 dB/km 0,40 dB/km
O, = 0,07 dB/km 0,07 dB/km
Splice Hs = 0,15 dB/splice 0,15 dB/splice
Os = 0,15 dB/splice 0,15¢dB/splice
Ng = number of splices
Copnector Meon = 0,4 dB/connector 0,4 dB/connector
0,2 dB/ t
D con = 0,2 dB/connectot connector
Ncon = Nnumber of cornectors
A cablle splice point is located after each reel-ength (Ig) and at each end of the link{ Field
experjence shows that a reasonable value for(lz is 2 kilometers. The number of splices|in the
link is|given by:
a, 1
Ny, = 1+ -1 + - (6)
RH
where N s is-an integer rounded upward.
The number of connectors is assumed to be four, which accounts for one jumpgr for
intercpnnection flexibility at each end of the link. Substituting the values from table B|1 and
equation (6) into-équations (4) and (5) gives:
1, O
= 0,401 + +—r,15+4 (0,4
m, t 4+ 50 (0.4)
= 0,475 | ¢ t175
and
_ 2 1, O 2 2
s, =21 [007] Z + §+ 50015 2+ 402

= 0,0211 | t + 0,1825

The maximum length |, estimated by iteratively solving equation (1) is 14,4 kilometers for the
Combination (1) physical connection and 58,6 kilometers for the Combination (2) physical

conne

ction.
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