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INFORMATION TECHNOLOGY -
FIBRE DISTRIBUTED DATA INTERFACE (FDDI) —

Part 9: Low-cost fibre physical layer medium dependent (LCF-PMD)

FOREWORD
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O (the International Organization for Standardization) and IEC (the International Electrotechnical Commissig

m the specialized system for worldwide standardization. National bodies that are members of IS@~er IE

rticipate in the development of International Standards through technical committees established by t
Spective organization to deal with particular fields of technical activity. ISO and IEC technicalycommitte]
llaborate in fields of mutual interest. Other international organizations, governmental and non-governmental,
ison with ISO and IEC, also take part in the work.

the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC

Draft International Standards adopted by the joint technical committee are circulated to national bodies for voti
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blication as an International Standard requires approval by at least 75 % of the natioral bodies casting a vote.

tention is drawn to the possibility that some of the elements of this International-Standard may be the subject
tent rights. 1ISO and IEC shall not be held responsible for identifying any or all 'sueh patent rights.

ternational standard ISO/IEC 9314-9 was prepared by subCommittee 25: Interconnection
ormation technology equipment, of ISO/IEC joint technical committee 1: Informatig
chnology.

International Standards are drafted in accordance with- the ISO/IEC Directives, Part 3.

hnexes A, B, C, D, E, F and G are for information only.
O/IEC 9314 consists of the following partsi“under the general title Information technology
bre Distributed Data Interface (FDDI):
Part 1: Token Ring Physical Layer Protocol (PHY)
Part 2: Token Ring Media Access Gontrol (MAC)
Part 3: Physical Layer Medium. Dependent (PMD)
Part 4: Single Mode Fibre\Physical Layer Medium Dependent (SMF-PMD)
Part 5: Hybrid Ring Control (HRC)
Part 6: Station Management (SMT)
Part 7: Physicahl-ayer Protocol (PHY-2)
Part 8: Media Access Control-2 (MAC-2)

Part 13w/ Conformance Test Protocol Implementation — Conformance Statement (CT-PIC
Proforma

1)

n)
C
he
es
in

Q=

of

of

5)

Part 20: Abstract Test Suite for FDDI — Physical Medium Dependent Conformance Testing

—(PMBDATSIH
Part 21: Abstract Test Suite for FDDI — Physical Layer Protocol Conformance Testing
(PHY-ATS) D
Part 25: Abstract test suite for FDDI — Station Management Conformance Testing (SMT-ATS)

Part 26: Abstract Test Suite for FDDI — Media Access Control Conformance Testing (MAC-ATS) 1)

To be published.
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INTRODUCTION

The Fibre Distributed Data Interface (FDDI) is intended for use in a high-performance general
purpose multi-station network and is designed for efficient operation with a peak data rate of
100 Mbit/s. It uses a Token Ring architecture with optical fibre as the primary transmission

m
ki

edium. FDDI provides for hundreds of stations operating over an extent of tens
lometers.

of

The FDDI Part: Token ring low-cost physical layer medium dependent (LCF-PMD) standard

specifies the lower sublayer of the Physical Layer for FDDI. As such it specifies the pewpr
vels and characteristics of the optical transmitter and receiver, and the interface gptigal
gnal requirements including jitter. LCF-PMD also specifies the connector receptadle

le)
Si
fo
el

otprint, the requirements of conforming FDDI optical fibre cablings, and the permissible
ror rates.

CF-PMD is one of a set of alternative international standard PMDs forOFDDI. This s
cludes the original PMD, the Single Mode Fibre PMD (SMF-PMD), and the Twisted-P4
MD (TP-PMD).

ne set of FDDI standards includes the following standards:

a FDDI Part: token ring physical layer protocol (PHY), which specifies the upper sublay

of the physical layer for the FDDI, including the_-data encode/decode, framing amd

clocking, as well as the elasticity buffer, smoothing,.and repeat filter functions;
a FDDI Part: token ring media access control (MAC), which specifies the lower sublayer

the data link layer for FDDI, including the_&tcess to the medium, addressing, data

checking, and data framing;

a FDDI Part: token ring station management (SMT), which specifies the local portion of the

system management application process for FDDI, including the control required f
proper operation of a station in an FDDI ring.

it

et
Nir

er

of

por
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INFORMATION TECHNOLOGY —
FIBRE DISTRIBUTED DATA INTERFACE (FDDI) —

Part 9: Low-cost fibre physical layer medium dependent (LCF-PMD)

1 _Scope

This part of ISO/IEC 9314 specifies the requirements for the Fibre Distributed Data Interfage
(RDDI); token ring low-cost fibre physical layer medium dependent (LCF-PMD).

FDDI provides a high-bandwidth (100 Mbit/s), general-purpose interconnection amom?
computers and peripheral equipment using fibre optics as the primary transmission mediumm.
FPDI can be configured to support a sustained data transfer rate of/at least 80 Mbit/s
(10 Mbyte/s). FDDI provides connectivity for many nodes distributed ovey distances of several
kilometers in extent. Default values for FDDI are calculated on the~basis of 1 000 physidal
links and a total fibre path length of 200 km (typically corresponding-te’500 nodes and 100 klm
of dual fibre cable).

FDDI consists of:

al a Physical Layer (PL), which is divided into two sublayers

1) A Physical Layer, Medium Dependent (PMD) sublayer (ISO/IEC 9314-3), with several
alternative medium choices, which provides the digital baseband point-to-point
communication between nodes in the EDDI network. The PMD provides all servicg¢s
necessary to transport a suitably coded digital bit stream from node to node. The PMD
defines and characterizes the medium drivers and receivers, medium-dependent code
requirements, cables, connectars) power budgets, optical bypass provisions, and
physical-hardware-related chatacteristics. It specifies the point of interconnectability
for conforming FDDI attachments.

The original PMD standard (ISO/IEC 9314-3), called PMD, defines attachment to mulfi-
mode fibre up to 2 km, while this LCF-PMD, optically interoperable with the original
PMD, defines low-cost attachments to multi-mode fibre up to 500 m. Additional PMD
sublayer standards)are for attachment to single mode fibre (SMF-PMD), and twistef-
pair up to 100.m (TP-PMD);

2) A Physicalbayer Protocol (PHY) sublayer (ISO/IEC 9314-1), and its enhancemennt,
(PHY-2)<{which provides connection between the PMD and the Data Link Layer. PHY
establishes clock synchronization with the upstream code-bit data stream and decodgs
this-<incoming code-bit stream into an equivalent symbol stream for use by the highpr
layers. PHY provides encoding and decoding between data and control indicatpr
symbols and code bits, medium conditioning and initializing, the synchronization [of

incoming and outgoing code-bit clocks, and the delineation of octet boundaries as
red f .  int ) f hicher | f : Ee

transmitted on the medium is encoded by the PHY using a group transmission code;

—

b) a Data Link Layer (DLL), which is divided into two or more sublayers

1) An optional Hybrid Ring Control (HRC) (ISO/IEC 9314-5), which provides multiplexing
of packet and circuit switched data on the shared FDDI medium. HRC comprises two
internal components, a Hybrid Multiplexer (H-MUX) and an Isochronous MAC (I-MAC).
H-MUX maintains a synchronous 125 us cycle structure and multiplexes the packet
and circuit switched data streams, and I-MAC provides access to circuit switched
channels;

2) A Media Access Control (MAC) (ISO/IEC 9314-2), and its enhancement (MAC-2),
which provides fair and deterministic access to the medium, address recognition, and
generation and verification of frame check sequences. Its primary function is the
delivery of packet data, including frame generation, repetition, and removal,
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3) An optional Logical Link Control (LLC), which provides a common protocol for any

required packet data adaptation services between MAC and the Network Layer. LLC
not specified by FDDI;

is

4) An optional Circuit Switching Multiplexer (CS-MUX), which provides a common
protocol for any required circuit data adaptation services between I-MAC and the

Network Layer. CS-MUX is not specified by FDDI;

a Station Management (SMT), which provides the control necessary at the node level to

manage the processes under way in the various FDDI layers such that a node may wo

rk

cooperatively on a ring. SMT provides services such as control of configuration

F
re
1o
fo

19
in
fu
d

2

T
C¢

MTamagenTent, fautt fsotatiom and TecoveTy, and schedutinyg potities:

ad in conjunction with it. The FDDI SMT document should be read for information_pertaini
supported FDDI node and network configurations. The original FDDI PMD should be re
r issues relating to FDDI LCF-PMD to FDDI PMD optical interoperability.

DDl LCF-PMD is a supporting document to FDDI PHY and FDDI PHY-2 which shoutd Ee

O/IEC 9314 specifies the interfaces, functions, and operations neCessary to ensu
teroperability between conforming FDDI implementations. This standard provides
nctional description. Conforming implementations may employ apy,\design technique th
bes not violate interoperability.

Normative references

ne following normative documents contain provisionsiwhich, through reference in this te
nstitute provisions of this part of ISO/IEC 9314, For dated references, subseque

a

endments to, or revisions of, any of these publi¢ations do not apply. However, parties

g
d

re
a
at

tv
nt
to

agreements based on this part of ISO/IEC 9314%are encouraged to investigate the possibility
of applying the most recent editions of the normative documents indicated below. For undatg
rgferences, the latest edition of the normative’ document referred to applies. Members of IE
and ISO maintain registers of currently valid International Standards.

H

1=
fo

1=
fo

H

1=

C 60793-1-1, Optical fibres — Part3*1: Generic specification — General

C 60793-1-2, Optical fibres < PRart 1: Generic specification — Section 2: Measuring metho
r dimensions

C 60793-1-4, Optical-fibres — Part 1: Generic specification — Section 4: Measuring metho
r transmission and-gptical characteristics

C 60793-2, Optical fibres — Part 2: Product specifications

C 60874-14,"Connectors for optical fibres and cables — Part 14: Sectional specification f

fibre optic.eonnector — Type SC

IB

C.60874-19, Connectors for optical fibres and cables — Part 19: Sectional specification f

bd
C

s

s

filbre-optic connector — Type SC-D(uplex)

ISO/IEC 11801:1995, Information technology — Generic cabling for customer premises

ISO/IEC 9314-1:1989, Information processing systems — Fibre Distributed Data Interface
(FDDI) — Part 1: Token Ring Physical Layer Protocol (PHY)

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

ISO/IEC 9314-3:1990, Information processing systems — Fibre Distributed Data Interface
(FDDI) — Part 3: Token Ring Physical Layer, Medium Dependent (PMD)
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3 Definitions

For the purposes of this part of ISO/IEC 9314, the following definitions apply. Other parts of
ISO/IEC 9314, e.g. FDDI MAC, PHY and PMD, may contain additional definitions of interest.

3.1
attenuation
level of optical power loss, expressed in decibels

32
ayerage power

thie optical power measured using an average reading power meter when the FDDI Station
transmitting a stream of Halt symbols

S

33
bypass
thie ability of a station to isolate itself optically from the FDDI network/while maintaining the
continuity of the cabling

3[4
ce¢ntre wavelength
t:l)e average of the two wavelengths measured at the half{ amplitude points of the powgr
spectrum

35
code bit
the smallest signalling element used by the Physieal Layer for transmission on the medium

3J6
concentrator
FDPDI node that has additional PHY/PMD entities beyond those required for its own
aﬂtachment to an FDDI network. These additional PHY/PMD entities are for the attachment pof
her FDDI nodes (including othereoncentrators) in a tree topology

347
connector plug
de¢vice used to terminate a fibre optic cable

38
chnnector receptacle
fixed or stationary half of a connection that is mounted on a panel/bulkhead. Receptaclé¢s
mjate with\plugs

39

C o-ter rotatino
G te—otathg

arrangement whereby two signal paths, one in each direction, exist in a ring topology

3.10

dual attachment concentrator

concentrator that offers two attachments to the FDDI network which are capable of
accommodating a dual (counter-rotating) ring

3.11

dual attachment station

a station that offers two attachments to the FDDI network which are capable of
accommodating a dual (counter-rotating) ring
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3.12
dual ring (FDDI dual ring)
two FDDI rings that operate as (a pair of) counter-rotating logical rings

3.13

entity

an active service or management element within an Open Systems Interconnection (OSI)
layer, or sublayer

3 14

extinction ratio
the ratio of the low, or off optical power level (PL) to the high, or on optical power level\(PH)
when the station is transmitting a stream of Halt symbols

Extinction ratio (%) = (PL/PH) x 100

315
fibre
dielectric material that guides light; waveguide

316
fibre optic cable
alcable containing one or more optical fibres

317

interchannel isolation
thie ability to prevent undesired optical energy fromc@ppearing in one signal path as a result of
coupling from another signal path; cross talk

3418
jifter
the variation in synchronization betwegn bits in the FDDI signalling bit stream

319

jitter, data dependent (DDJ)

jitter that is related to the transmitted symbol sequence
NOTE DDJ is caused by the limited bandwidth characteristics and imperfections in the optical channel
cgmponents. DDJ results from ‘non-ideal individual pulse responses and from variation in the average value of the

erlcoded pulse sequence_which may cause base-line wander and may change the sampling threshold level in the
receiver.

3420

jitter, duty-cycle distortion (DCD)
distortion~usually caused by propagation delay differences between low-to-high and high-tp-
low traRsitions

NOTE) DCD is manifested as a pulse width distortion of the nominal baud time.

3.21
jitter, random (RJ)
RJ is caused by thermal noise

NOTE Random jitter may be modeled as a Gaussian process. The peak-to-peak value of RJ is of a probabilistic
nature and thus any specific value requires an associated probability.

3.22
LCF-MIC plug
male part of the LCF-MIC which terminates a fibre optical cable
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3.23
LCF-MIC receptacle
female part of the LCF-MIC which is contained in an FDDI node

3.24
logical ring
set of MACs serially connected to form a single ring

3.25

edia intorface connector (RAIP)
a[mated connector pair that provides an attachment between an FDDI node and a fibre_@plic
cabling

NOTE When referring to the original PMD’s MIC, the term MIC is used. When referring to the LCF-PMDI/MIC, the
tefm LCF-MIC is used. The LCF-MIC consists of two parts; an LCF-MIC plug and an LCF-MIC receptacle.

3426

network (FDDI network)
a|collection of FDDI nodes interconnected to form a trunk, or a tree, of./a“trunk with multiple
trees. This topology is sometimes called a dual ring of trees

327
npde
algeneric term applying to any FDDI ring attachment (statiomoer concentrator)

328

nymerical aperture (NA)
the sine of the radiation or acceptance half angle of an optical fibre, multiplied by the
rgfractive index of the material in contact with the'exit or entrance face

329

optical fall time
thie time interval for the falling edge ©f-an optical pulse to transition from 90 % to 10 % of the
plilse amplitude

3J30
optical reference plane
plane that defines the gptical boundary between the MIC Plug and the MIC Receptacle

331

optical rise time
time interval for<the rising edge of an optical pulse to transition from 10 % to 90 % of the pulse
amplitude

3[32

ofigimal PMD

the PWDdefimredmtSOHEC9314=3

NOTE The original PMD supports multi-mode fibre optic cable with an 11 dB loss budget.

3.33

physical connection

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

3.34

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
network
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3.35
primitive
an element of the services provided by one entity to another

3.36
receiver (optical)
opto-electronic circuit that typically converts an optical signal to an electrical logic signal

3.37
ripg
alset of stations wherein information is passed sequentially between stations, each statignyfin
turn examining or copying the information, finally returning it to the originating station

3438
services
FDDI services provided by one FDDI entity to another

NQTE Data services are provided to a higher layer entity; management services are provided to a managemgnt
erftity in the same or another layer.

3J39
single attachment concentrator
concentrator that offers one attachment to the FDDI network

3)40
sijngle attachment station
alstation that offers one attachment to the FDDI network

341

spectral width, full width half maximum (EWHM)
the absolute difference between the wavelengths at which the spectral radiant intensity |is
50,0 % of the maximum power

342

sfation
an addressable node on an<EDDI network capable of transmitting, repeating, and receiving
information. A station has-exactly one SMT and at least one MAC, one PHY, and one PMD

3143
trensmitter (optical
an opto-electronic circuit that typically converts an electrical logic signal to an optical signal

344
trunk
a[physical loop topology, either open or closed, employing two optical fibre signal paths, one
inf éach direction (i.e. counter-rotating), forming a sequence of peer connections betwe@n
FBbtrodes

NOTE When the trunk forms a closed loop it is sometimes called a trunk ring.

3.45

tree

a physical topology consisting of a hierarchy of master-slave connections between a
concentrator and other FDDI nodes (including subordinate concentrators)
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4 Conventions and abbreviations

4.1 Conventions

The terms SMT, MAC, PHY, and PMD, when used without modifiers, refer specifically to the
local instances of these entities.

Low lines (e.g. control_action) are used as a convenience to mark the name of signals,
functions, and the like, which might otherwise be misinterpreted as independent individual

wprds-if-they were to-appearin-text

The use of a period (e.g. PM_UNITDATA.request) is equivalent to the use of low linesiéxcept
that a period is used as an aid to distinguish modifier words appended to an antecedent
expression.

The use of a colon (e.g. N:PM_UNITDATA.request) distinguishes betwéen two or mofe
instances of the same signal where N designates the other source/destination entity.

42 Abbreviations

All Active Input Interface

ADI Active Output Interface

ANS_Max Maximum acquisition time (no signal)

AB_Max  Maximum acquisition time (signal)

BE Bit Error Rate

BERT Bit Error Rate Tester

dfc. direct current

DL Duty Cycle Distortion (jitter)

DDJ Data Dependent Jitter

ECL Emitter Coupled Logic

FOTP Fibre Optic Test Procedure

FWHM Full Width Halfdvaximum

LE Light Emitting-Diode

LCF-MIC LCF-PMD-MIC Connector

LS _Max  Maximum line state change time

MiIC Media Interface Connector

NA Numerical Aperture

NRZI Non Return to Zero, Invert on ones

RY Random Jitter

SAE Static Alignment Error (clock offset error)

5 General description

5.1 Ring Overview

A ring consists of a set of stations logically connected as a serial string of stations and
transmission media to form a closed loop. Information is transmitted sequentially, as a stream
of suitably encoded symbols, from one station to the next. Each station generally regenerates
and repeats each symbol and serves as the means for attaching one or more devices to the
ring for the purpose of communicating with other devices on the ring. The method of actual
physical attachment to the FDDI ring may vary and is dependent on specific application
requirements as described in subsequent paragraphs.
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The basic building block of an FDDI ring is a physical connection as shown in Figure 1. A
physical connection consists of the Physical Layers (each composed of a PMD and a PHY
entity) of two stations that are connected over the transmission medium by a Primary Link and
a Secondary Link. A Primary Link consists of an output, called Primary Out, of a Physical
Layer, communicating over a Primary medium to the input, called Primary In, of a second
Physical Layer. The Secondary Link consists of the output, called Secondary Out, of the
second Physical Layer communicating over a Secondary medium to the input, called
Secondary In, of the first Physical Layer. Physical connections may be subsequently logically
connected within stations, via attached MACs or other means, to create the network. As such,
the function of each station is implementer-defined and is determined by the specific
ajpphication or Site requirements.

Tyo classes of stations are defined: dual (attachment) and single (attachment). FDDFtrunk
rings may be composed only of dual attachment stations which have two PMD entities (and
associated PHY entities) to accommodate the dual ring. Concentrators provide additior:{al
PMD entities beyond those required for their own attachment to the FDDI network, for the
aftachment of single attachment stations which have only one PMD andJthus should njot
directly attach to the FDDI trunk ring.

The example of Figure 2 shows the concept of multiple physical connections used to creafe
ogical rings. As shown, the logical sequence of MAC connections.is’stations 1, 3, 5, 8, 9, 10,
d 11. Stations 2, 3, 4, and 6 form an FDDI trunk ring. Statiens 1, 5, 7, 10, and 11 afe
tached to this ring by lobes branching out from the stationsthat form it. Stations 8 and 9 afe
in turn attached by lobes branching out from station{7." Stations 2, 4, 6, and 7 afe
concentrators, serving as the means for attaching .multiple stations to the FDDI ring.
Cpncentrators may or may not have MAC entities apd\station functionality. The concentratpr
examples of Figure 2 do not show any MACs although their presence is implied by the
de¢signation of these concentrators as stations.

a
a

Cpnnection to the physical medium as established by PMD is controlled by the statign
insertion and removal algorithms of Station*Management (SMT) which are beyond the scoie
of this standard.

Physical Connection
-t

Physical Link

Cable

Plant |
PH_UNITDATA request PH_UNITDATA.indication

—{  ouT[— =N —
-— -g—

Yy

pvp | MeAUM oD

< IN - ouT <
PH_UNITDATA indication PH_UNITDATA request
| sTaTiON M STATION N

Physical Link

PHY PHY

Figure 1 — FDDI links and connections

5.2 Environment
5.2.1 General

As shown in Figure 2 and as described in 5.1, an FDDI network consists of a virtually
unlimited number of connected stations. SMT establishes the physical connections between
stations, and the correct internal station configurations, to create an FDDI network. It is
understood that restrictions of the transmission media as defined (i.e. dynamic range and
bandwidth) may place limits on realizable physical configurations. Tradeoffs may be made
within specific site applications, such as distance versus optical bypassing, consistent with
these limitations.
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While not intended to be limiting, FDDI has been defined to provide for a multi-level private
network serving a campus or multi-building environment described in ISO/IEC 11801.
According to figure 1 of ISO/IEC 11801 a generic cabling system consists of the following
subsystems: the campus backbone cabling subsystem, the building backbone cabling
subsystem, and the horizontal cabling subsystem. These subsystems describe an inter-
building distribution environment, an intra-building distribution environment, and a work
station distribution environment. The following subclauses discuss the requirements to be
considered when implementing FDDI networks.

5.2.2 Campus inter-building distribution environment

The campus environment is characterized by stations distributed across multiple building|s,
utilizing underground fibre cable distribution plant, where the distances might be as¢short as
several hundred metres and as long as tens of kilometres. At the shortest distances;.the FDDI
LCF-PMD (Low-Cost Fibre) interface defined by this standard might possibly be used, but|it
wpuld generally be expected that the original PMD interface ISO/IEC 9314-3 would be uséd
fgr inter-building distances up to 2 km.

At the longer distances, a campus environment might use private fibre,"and thus rely on the
FDDI SMF-PMD (Single-Mode Fibre) defined in ISO/IEC 9314-4{ while connections thpat
rgquired public links could rely on an FDDI SONET physical mapping interface.

This environment would typically be expected to be implemented as a dual-trunk ring, though
centralized concentrators with radial distribution to remote\sites (buildings) can be used (s¢e
JO/IEC 11801). Optical bypass is also a candidate for this environment as transmission link
rgliability considerations are paramount when underground fibre cabling is utilized due to the
gheat difficulty in restoring services if the link is physically damaged or lost.

5J2.3 Intra-building distribution environment

The intra-building environment is characterized by stations located throughout a buildinyg,
ufilizing standard intra-building cable distribution models, where the distances typically range
from a few meters to a thousand metres. For more details on generic cabling within custompr
pfemises, refer to ISO/IEC 11801

At the very shortest distances;\the FDDI TP-PMD (Twisted-Pair) interface might be used but] it
wpuld generally be expeected that the FDDI LCF-PMD (Low-Cost Fibre) interface would :Ke
used for distances up._te’ 500 m and the original FDDI PMD interface for intra-building
distances above LCF-RMD limits.

This environmefit Would typically consist of interconnections between concentrators located fin
telecommunications closets and facilities such as floor distributors. However, it would also be
pected that some data centre to data centre interconnections would be implemented in this
nvironment as well using dual attachment stations. Concentrators would be interconnected
y either-single or dual attachment. Optical bypass is also a candidate for this environment,
||1t less likely given the protection provided by both dual rings and concentrators.

e
e
b
b

5.2.4 Workstation distribution environment

The workstation environment is characterized by stations located within a short distance of a
floor distributor. It would typically utilize standard intra-building cable distribution models,
where distances are typically less than 100 m, and distances between distribution closets are
typically less than 500 m. For distribution from the workstation to the closest distribution
closet, the FDDI TP-PMD and LCF-PMD interfaces would typically be used. For distribution
where the workstation is more than one distribution closet away from the concentrator, the
FDDI LCF-PMD interface would typically be used, with the original FDDI PMD only being used
for distances above 500 m.

The environment would typically consist of single attachment interconnections from
workstations in the office or laboratory, to concentrators located in floor distributors.
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Occasionally, dual attachment stations might be served, but it is expected that the link
distances as described above would still apply. Optical bypass is also a candidate for this
environment, but less likely given the protection provided by both dual rings and
concentrators.

STATION 5
SINGLE
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\
STATION 3 STATION 4
DUAL CONCENTRATOR
MAC e
—
1 —1
D| E F |
\ STATION 6
CONCENTRATOR
13
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STATION 2 STATION 9 STATION 7
f CONCENTRATOR SINGLE CONCENTRATOR]
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| —(
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B d,w [ U [ P O | M
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Figure 2 — FDDI topology example
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Figure 3 — FDDI representative distribution environment example

fibre cabling (PMD and LCF-PMD links)

fibre and twisted-pair cabling (PMD, LCF-PMD and TP-PMD links)
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6 Services

6.1 General

This clause specifies the services provided by the LCF-PMD. These services do not imply any
particular implementation or any interface.

NOTE These services for LCF-PMD are identical to those defined in the PMD; they are included here for
completeness, and changes are purely editorial.

Services described are:

(d) LCF-PMD services provided to the local Physical Protocol (PHY) entity
(indicated by PM__ prefix);

(1) LCF-PMD services provided to the local Station Management (SMT) entity
(indicated by SM_PM__ prefix).

N optional qualifier is sometimes needed to identify a signal unambiguously where there afe
mlultiple instances of the same signal within a service interface (indicated’by the “(N:)” prefi
n

~

A

Thus, a prefix of (N:)PM_ or (N:)SM_PM__ indicates that an LCF-PMD_could duplicate a signjal
alnumber of times and identify each signal with a unique qualifiersJFor example, an LCF-PMD
inf a dual station would use A:PM_ and B:PM_ as prefixes when required, whereas an LC
PMD in a single station may only use PM__ as a prefix. Concentrators may use other qualifien
stfich as M1:PM_ through Mn:PM_, to uniquely identify a signal.

iz

Filgure 4 shows the block diagram organization of thesFDDI Low-Cost Fibre Physical Medium
Dependent (LCF-PMD) including the separatecfunctions, intended to show physidal
implementation or physical orientation of the\Components within an FDDI station. As
de¢scribed, the interfaces and signals betweensPMD, PHY, and SMT are examples and afe
intended to be logical rather than physical.'“Any other set of signals that causes the same
physical behavior is equally valid.

62 LCF-PMD-to-PHY services

6J2.1 Introduction

This subclause specifies the)services provided at the interface between the LCF-PMD and the
PHY entities of the Physical Layer, to allow PHY to exchange an NRZI code-bit stream with
peer PHY entities. The LCF-PMD parameters have been selected to be compatible with the
e
e

coding and deceding techniques provided by the FDDI PHY. LCF-PMD translates the
coded electricalZdata signals to and from optical signhals suitable for the fibre medium but
does not perfenm/any further encoding or decoding. Additional detail is provided in clauses|8
and 9 concerhing conditions that generate these primitives and LCF-PMD actions upgn
rgceipt of RHY-generated primitives.

The-following primitives are defined:

PM_UNITDATA.request
PM_UNITDATA.indication
PM_SIGNAL.indication

Each primitive includes the information that is passed between the LCF-PMD and PHY
entities.

6.2.2 PM_UNITDATA.request

This primitive defines the transfer of encoded NRZI data from PHY to LCF-PMD.
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2.2.1 Semantics of the primitive

(N:)PM_UNITDATA.request (

PM_Request (NRZI code)
)

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

6.

2.2.2 When generated

P

6,
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HY continuously sends the LCF-PMD layer the current NRZI code polarity.

2.2.3 Effect of receipt

parameter of Transmit_Enable, LCF-PMD shall convert an electrical NRZI encoded code-

bguence into the optical domain of the interface medium. While /the” code bits a
presented by transitions of signal state, LCF-PMD shall respond <to--the logic level
M_UNITDATA.request. LCF-PMD shall transmit a low light power-level upon receipt of
gic "0" and a high light power level upon receipt of a logic "1".

J2.3 PM_UNITDATA.indication

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

J2.3.1 Semantics of the primitive

:)PM_UNITDATA.indication (
PM_Indication (NRZI code)

)

ne data conveyed by PM_Indicationsghall be a continuous code-bit sequence.

J2.3.2 When generated

CF-PMD shall continuoushyssend the current encoded NRZI code to PHY.

J2.3.3 Effect of receipt

normal non-Lo6pback mode, PM_Indication is continuously sampled by the clock recove

and decode fungctions of the PHY entity.

2.4 PM_SIGNAL.indication

pon receipt of this primitive and of SM_PM_CONTROL.request with a Control_Actiin

it
re
of
a

ry

of

ptical signal being received by LCF-PMD.

hisAarimitive is generated by LCF-PMD and asserted to PHY to indicate the status of tTe
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6.2.4.1 Semantics of the primitive

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

)

The Signal_Detect(status) parameter shall indicate whether the quality and optical power level
of the inbound optical signal is satisfactory (status = on) or unsatisfactory (status = off). When
status = off, then PM_UNITDATA.indication is undefined but actions based on
PM_SIGNAL indication shall he infnrlnrp'rpri as if PM UNITDATA indication is a continuous

lojgic "0" code-bit sequence.

6{2.4.2 When generated

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

6{2.4.3 Effect of receipt

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

6)]3 LCF-PMD-to-SMT services
6)3.1 Introduction

The services supplied by LCF-PMD allow SMT to control the operation of LCF-PMD. The LCF-
PMD shall perform the requested SMT servicesy,preemptively over any requested PHY
se¢rvices. Additional detail is provided in clauses<8*and 9 concerning conditions that generalte
these primitives and LCF-PMD actions upon receipt of SMT-generated primitives. The
fdllowing primitives are defined:
SM_PM_CONTROL.request
SM_PM_BYPASS.request

SM_PM_SIGNAL.indication

Each primitive includes thexinformation that is passed between the LCF-PMD and SMT
entities.

6{3.2 SM_PM_CONTROL.request

This primitive js\generated by SMT and asserted to LCF-PMD to force the transmit function fo
place a logic."@" optical signal on the outbound medium.

6{3.2.1._SSemantics of the primitive

(N:%SM_PM_CONTROL.request (
Control_Action

)

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

6.3.2.2 When generated

SMT generates this primitive whenever it wants to enable or disable the LCF-PMD optical
transmitter.
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6.3.2.3 Effect of receipt

Receipt of this primitive by LCF-PMD with a Control_Action parameter of Transmit_Disable
shall cause LCF-PMD to transmit a logic "0" optical signal (i.e. low light) preemptively over the
PM_UNITDATA.request primitive as described in 9.3. Receipt of this primitive by LCF-PMD
with a Control_Action parameter of Transmit_Enable shall cause the LCF-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.

6.3.3 SM_PM_BYPASS.request

This primitive is generated by SMT and asserted to PMD to indicate that SMT wants to joir’pr
lefave the FDDI ring.

6)3.3.1 Semantics of the primitive

SM_PM_BYPASS.request (
Control_Action

)

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

6/3.3.2 When generated

SMT generates this primitive whenever it wants to activate or deactivate the optical bypasgs
syitches.

6/3.3.3 Effect of receipt

Upon receipt of this primitive with a Control’ Action parameter of Insert, LCF-PMD shall
acgtivate the optical switch such that the LCF-MIC inbound optical signal from the cabling |is
directed to the optical receiver (see Figure 4). The output of the optical transmitter shall e
directed to the LCF-MIC output tolthe cabling. Upon receipt of this primitive with |a
Cpntrol_Action parameter of Deinsert; LCF-PMD shall deactivate the optical switch such that
the LCF-MIC inbound optical signalfrom the cabling is directed through the switch to the LC
MIC output to the cabling. The_output of the optical transmitter shall be directed through the
opptical switch to the input ofsthie optical receiver. This state is called the bypassed mode.

Optical bypass switchies are optional in a FDDI ring. Stations that do not employ optidal
syitches do not requife this service.

6)3.4 SM_PMSIGNAL.indication

This primitive is generated by LCF-PMD and asserted to SMT to indicate the status of the
opticalssignal level being received by LCF-PMD.

6.13.41 Semantics of the primitive

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

The Signal_Detect(status) parameter shall indicate whether the quality and optical power level
of the inbound optical signal level is satisfactory (status = on) or unsatisfactory (status = off).
When status = off, then SM_PM_UNITDATA.indication is undefined but actions based on
SM_PM_SIGNAL.indication shall be interpreted as if PM_UNITDATA.indication is a
continuous logic "0" code-bit sequence.
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6.3.4.2 When generated

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

6.3.4.3 Effect of receipt

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

7 Mediainterface connector specification

7)1 Introduction

An FDDI station implementing the LCF-PMD standard shall be attached to the dfibre opfic
mledium by a Low-Cost Fibre Media Interface Connector (LCF-MIC). The media connecti¢n
between adjacent stations consists of a duplex fibre optic cable assembly attached to tite
rgspective station’s Media Interface Connector (LCF-MIC). To ensure interconnectability
between conforming FDDI stations, an LCF-PMD mating interface is specified at the LCF-M|C
rgceptacle. However, a specific fibre optic cable assembly is not defined.

The primary function of the Low-Cost Fibre Media Interface Congettor (LCF-MIC) is to align
the optical transmission fibre mechanically to an optical port*on a component such as|a
rgceiver or a transmitter.

The objective of this clause is to define the connectors‘and interfaces sufficiently to ensufe
the following:

—| both mechanical and optical performance
—| to allow the maximum supplier flexibility.
7{2 General information

7{2.1 Standardized connector

The optical interface connector shall conform to IEC 60874-14 (SC connector) and
IHC 60874-19 (SC Duplex connector).

7J2.2 Testing recommendations

Slpporting test information is contained in annex E. Additional test information will be found
inf the FDDI conformance standards.

7)2.3 Station labelling

Tp aidin-preventing improper LCF-MIC plug attachment, the LCF-PMD station port should e
mlarked (labelled). Recommended practices for station labelling are contained in annex G.

7.3 LCF-MIC receptacle

Refer to IEC 60874-19 for the LCF-MIC receptacle of the optical interface connector.

7.4 LCF-MIC plug

Refer to IEC 60874-19 for the LCF-MIC duplex plug. Two simplex plugs, IEC 60874-14, may
be connected in a resilient manner, to allow relative movement, as a way to provide the
duplex plug. However, it is recognized that a possible means of accomplishing this will include
the attachment of a holding or clamping mechanism between two simplex plugs. Such
arrangements will of necessity increase the physical size of the individual plugs above the
attachment point and present the possibility of mechanical interference with objects in the
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vicinity of the receptacle. An example of such an object would be a cover panel where it is
desired to keep the cutout as small as possible to minimize radiated emissions.

In order to provide for this situation the plug shall not exceed the dimensions of the simplex
plug for a distance of 12,5 mm (measured from the end of the connector housing) and the
interface connector plug shall fit through an opening of 23,0 mm by 9,9 mm located greater
than 12,5 mm from the mechanical seating plane.

Warning: In the design of a duplex plug assembly, great care shall be taken to ensure
pluggability with the receptacle. The ferrule to its grip body float shall be a minimum of
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4.1 LCF-MIC ferrule

S;Eecifications contained in this clause are based on the use of 62,5/125 pm fibre as defined
I

2mm (0,1 mm radial) for each connector, and one connector grip body to anoth

pbnnector. These floats are required for interoperability.

ference plane with a static force of 6,7 N minimum to 13,1 N maximum,per ferrule.

Media signal interface

1 General
nis clause defines the interfaces of the optical signal at«he interconnect receptacles shoy

Figure 4. Each conforming FDDI attachment shall bercompatible with this optical interfa
allow interoperability within an FDDI environment.\The parameters specified in this clau

DDI attachment shall not exceed a bit error rate of 1,0 x 10-12 under all conditions of th
ause, including the minimum Active Input Interface power level.

b/125 um, 100/140 um and 200/230 um fibre. However, the active input and outp

ormation contained in annex'B.

ne LCF-PMD media signal interface shall be optically interoperable with the original PM

CF-PMD.

bnnector grip body float shall be a minimum of 0,9 mm (0,45 mm radial) for(eagh

cfer to IEC 60874-14 for the LCF-MIC ferrule. The ferrule end shall seat to the optidal

e based on a requirement that the bit error rate”contributed by the repetition through an

DDI can operate with a variety ofloptical fibre sizes, i.e. 50/125 uym, 62,5/125 pm,

use 10. For the use of other permitted fibre sizes (e.g. 50/125 um) reference the

edia signal interfagej-taking into account the 500 m and 7 dB loss budget limitations of the
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8.

2 Active output interface

The Active Output Interface shall exhibit the characteristics shown in Table 1.

These specifications in conjunction with the fibre's chromatic dispersion and modal bandwidth
parameters given in clause 10 result in an optical rise time of less than 4,5 ns exiting a 500 m
fibre cable. The Active Output Interface shall be implemented with an LED emitter (e.g. a
surface emitting LED (S-LED) or edge emitting LED (E-LED). Utilizing spontaneous emission
LED sources in this specification avoids the need to consider modal noise in multi-mode fiber
link performance specifications.

8.

T

3 Active input interface

ne Active Input Interface shall operate when provided with a signal having the characteristi

siimmarized in Table 2.

8
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/4 Station bypass interface

ne bypass function is optional for any station. In the bypassed mode, the’in-bound medium
nnected to the out-bound medium and the output of the optical trahsmitter is looped back

C(
tﬂe input to the optical receiver. When the station's power is offsthen the station shall be
t

e bypassed mode.

is not expected that the typical usage of LCF-PMD will inCorporate a bypass function due

the reduced loss budget and typical concentrator-to-station usage expectation of the LCF
MD. However, it is not intended to exclude the usage of a bypass function, providing the

ecific implementation takes into account the reduced loss budget of the LCF-PMD Acti
terface specification.

5 there is no intent to change or further specify the optical bypass function in this part
O/IEC 9314, implementors are referred_to~ISO/IEC 9314-3 for all relevant optical bypa

specifications.

Table 1 — Characteristics of active output interface

Characteristic Minimum Maximum
Centre wavelength\[nm] 1270 1380
Spectrum FWHM [nm)] N/A 250
Average-pawer [dBm] (Note 1) -22,0 -14,0
Risedime (10 % to 90 %) [ns] N/A 4,0
Falktime (90 % to 10 %) [ns] N/A 4,0
Duty cycle distortion, peak-peak [ns] 0,0 1,0
Data dependent jitter, peak-peak [ns] (Note 2) 0,0 0,6
Random jitter, peak-peak [ns] (Note 3) 0,0 0,76
Extinction ratio [94] 00 100

is
to
in

to

e

N/A = Not applicable

NOTE 1 The data pattern for this measurement shall be a stream of Halt (i.e.
binary 00100) symbols.

NOTE 2 Data dependent jitter is specified for the test data pattern specified in
annex A. Annex A also provides possible test methods.

NOTE 3 Random jitter is specified as the peak-peak value where the
probability of exceeding that value is equal to 1,0 x 1072, For a Gaussian

probability distribution, the specified peak-peak value is equal to 14,0 times the
r.m.s. value.
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Table 2 — Characteristics of active input interface

Characteristic Minimum Maximum
Centre wavelength [nm] 1270 1380
Average power [dBm] (Note 1) -29,0 -14,0
Rise time (10 % to 90 %) [ns] N/A 4,5
Fall time (90 % to 10 %) [ns] N/A 4.5
Duty cycle distortion, peak-peak [ns] 0,0 1,0
Data depedentitteT, peak-pear (st (Note2) 00 A
Random jitter, peak-peak [ns] (Note 3) 0,0 0,76
Extinction ratio [%)] 0,0 10,0

N/A = Not applicable.

NOTE 1 The data pattern for this measurement shall be a stream of Halt (i.e!
binary 00100) symbols.

NOTE 2 Data dependent jitter is specified for the test data pattern specified in
annex A. Annex A also provides possible test methods.

NOTE 3 Random jitter is specified as the peak-peak value )where the
probability of exceeding that value is equal to 1,0 x 102, F6p a Gaussian
probability distribution, the specified peak-peak value is equal to 14,0 times the
r.m.s. value.

9| Interface signals

9J1 General

LCF-PMD and PHY. Each conforming FDDRattachment shall be compatible with this interfa

employ any design technigue that does-not violate interoperability.

Artive Output Interface.

92 Optical receiver

The optical receiventransforms the incoming optical signal to an equivalent (electrical) sig
thiat is presented\te PHY. A Signal_Detect parameter shall be presented to PHY to indic
the presence ©r-absence of an optical signal. The data outputs of the receiver are related
the Signal _Detect parameter and are described below.

9/2.1, \Signal_Detect

S gnnl Detect indicates the presence of an nlnti(‘:ql Qignal with sufficient ﬂIIIQHTy to _carrec

This clause defines the interface of the signals between LCF-PMD and SMT and also betwegn

tg allow interoperability within an FBPI environment. Conforming implementations may

The optical power levels referencéd in this clause relate to the Active Input Interface and the

Le

e
to

ly

identify a Line-State. It is characterized by the threshold levels on which it changes state, by
the hysteresis between these levels, and by the timing of the Signal_Detect output relative to

the receiver data outputs.

9.2.1.1 Signal_Detect thresholds and hysteresis

Signal_Detect shall be asserted only for signal levels adequate for the receiver to deliver a
Bit Error Rate (BER) of less than 0,01. Signal_Detect shall be asserted for any power level of
—29,0 dBm or higher. The minimum allowed power level for deassertion shall be the power
which gives a 0,01 BER on the receiver outputs or —45,0 dBm, whichever is greater. The
minimum allowed hysteresis between the assertion and deassertion levels shall be 1,5 dB.

Figure 5 illustrates these requirements.
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9.

2.1.2 Signal_Detect timing requirements on assertion

The Signal_Detect output shall be asserted within 100 us after a step increase in the optical
power. The step increase shall be a signal whose off level is —45 dBm or less and the on level
shall be = (-27 + 2) dBm. The receiver data outputs shall reflect a BER of less than 0,01 as
measured in an LS_Max interval after the assertion of Signal_Detect. The data pattern of the

in

coming optical signal stream may be any valid symbol stream.

NOTE The value LS_Max = 15,0 ps is defined in ISO/IEC 9314-1.

AS_Max = Maximum acquisition time (signal) (i.e. the maximum Signal_Detect assertion time

A

A

A

deassertion time for a station. ANS_Max shall not<exceed 350,0 pus. The default value

2.1.3 Signal_Detect timing requirements on deassertion
crease in the optical power. The step decrease signal shall have an on level of+27 + 2) dB
d shall have an off level <—-45 dBm. This step decrease in the power~level shall ha

ptical power should not reproduce with an accuracy greater than 90 %/any spurious stati
gnals (e.g. symbols from adjacent physical link components or powgr'supply ripple).

ceiver outputs degrades below 0,01 for an optical input_ data stream that decays with
pgative ramp function with response time >8 ns.

NS_Max = Maximum acquisition time (no signal). ANS_Max is the maximum Signal_Dete

NS_Max is 350,0 pus.
summary of assertion and deassertion requirements is provided in Table 3.
- - -27,0 dBm
A input opticalpower +2dB
OPTICAL
POWER -45,0 dBm
TIME —» Y
' + AS_Max ANS_Max '
T <00 (<350p5)” | r
Signal_Detett (on) % Signal_Detect (on)

Signal, Detect (off) Signal_Detect (off)

rthao cfgfinn) AS Max-shall not exceed 100 0 p‘c The default valiiao of AS Maxv is 1000 |r|‘c
—3 HaHGH—~ HeHHOG+ 3 G—- 7 —He—aetatHt et HH-EX—S— T .

ne Signal_Detect output shall be deasserted within a maximum of 350,0 us, after a ste¢p

curred in less than 8 ns. The receiver outputs within 12 us after the step“decrease in tme

gnhal_Detect shall also be deasserted within a maximum of 350;0 us after the BER of the

m
e

n

a

ct
of

Figure 5 — Signal detect thresholds and timing

Table 3 — Summary of assertion and deassertion requirements

Requirement Minimum Maximum
Assert time - 100,0 ps
Deassert time - 350,0 ps
Assert power (Pa) Pd + 1,5 dB -29,0 dBm
Deassert power (Pd) —45,0 dBm, or Pb* -
Hysteresis 1,5dB -
* Whichlever power is the higher, where Pb is the power level into the active input which yields a BER of
0,01 or less.
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9.3 Optical transmitter

LCF-PMD shall provide a service to SMT called SM_PM_CONTROL.request. When SMT
passes a Control_Action parameter of Transmit_Disable, the optical output of the transmitter
shall transition to the logic zero state independent of the PM_UNITDATA.request primitive and
its output shall have an average optical power level of less than —45,0 dBm. When SMT
passes a Control_Action parameter of Transmit_Enable, the transmitter optical output shall
transmit the current PM_Request (NRZI code) value of the PM_UNITDATA.request primitive.
The optical transmitter shall respond to the Control_Action parameter within 1,0 us after
receipt of the parameter.

10 Cabling interface specification

10.1 General

This clause defines the network requirements for an FDDI fibre optic) cabling. The
rgquirements specified herein apply to both dual and single attachments.“Performance [in
a¢cordance with this standard shall be met by following proceddres as specified |in
ISO/IEC 11801 or other similar test procedures. The test signal may ‘be transmitted from
either end of the cabling.

ISO/IEC 11801 shall be referred to for information regarding premises cabling.

10.2 Cabling specification

The specifications in this clause are intended to assSure interoperability of FDDI conforming
attachments for optical cable lengths up to 500 m.

10.2.1 Fibre types

The requirements of clause 8 are specified in terms of fibre type Alb (62,5 um/125 um) lof
IHC 60793-1. The Active Interfacesrequirements were developed assuming worst case
pIrameters in ISO/IEC 11801 (whickh refers to IEC 60793-2) specification. However, othpr
ibre sizes may also be used (see.annex C).

10.2.2 Bandwidth and attenuation values

The bandwidth and attenuation values provided in Table 4 are based on a nominal sour¢e
wpvelength of 1 300-nm and the use of 62,5/125 um fibre. See annex C for data to aid [in
calculating the maximum cabling attenuation allowed for the use of other permitted fibre sizes.

The attenuatien shown in table 4 reflects the end-to-end insertion loss which includes cabjle
attenuation_and the loss of other components such as splices, connectors, switches, and the
like.

Table 4 — Bandwidth and attenuation values

Value Test method Minimum Maximum
Modal bandwidth IEC 60793-1-C2A or 500,0* _
(-3 dB optical) IEC 60793-1-C2B or
MHzxkm IEC 60793-1-4
Attenuation IEC 60793-1-C1A or 0,0 7,0
dB IEC 60793-1-4
* Some users may wish to install higher modal bandwidth fibre to facilitate future use of the
cabling for higher bandwidth applications.
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10.3 Bypassing

A property of the cabling is the method of bypassing chosen in the application. The loss and
bandwidth limits given above apply to the plant in the worst case bypassed configuration. This
may mean that part of the cabling loss is allocated to optical bypass switch loss contained in
an FDDI node when several FDDI segments are concatenated.

10.4 Connectors and splices

The LCF-MIC plug for connection to an FDDI node shall be compatible with the requirements

speciftied In clause /. Losses of the LCF-MIC receptacles with precision mating plugs shall e

included in the active output and input interface power specifications of 8.2 and\-8l

rgspectively. Additional losses of a non-precision plug shall be included as part of the,'cabli

lgss. Connectors and splices of any nature are allowed inside the cabling. The number a

q
th

ality of connections affect the loss of the cabling and represent a design trade-off outsi
e scope of this standard.

:

3

g
d

e
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Annex A
(informative)

Test methods

A1l Conor
I . o A |

This annex defines terms, measurement techniques, and conditions for testing jitter2and
rige/fall time. ISO/IEC 11801 should also be referred to. This annex deals with issues 'specific
tg FDDI and is not intended to supplant standard test procedures given in this standard. This
annex applies directly to verifying station performance related to the Optical Interfage
Specifications. These same procedures may be used to measure a single component of the
system. Component performance is outside the scope of FDDI compliance-butit is useful frgm
a|design viewpoint. Annex E provides exemplary information on how tge, interpret component
mleasurements.

See ISO/IEC 9314-3 for more information on these measurement procedures.

Al.2 Active output interface
Al2.1 Optical power measurements

The average optical power launched into the *Core of a 62,5 um core graded index fibfe
conforming to 10.2 is specified in 8.2. See also ISO/IEC 11801. The output power should }e

mleasured using a calibrated power meter ‘and with the station transmitting a stream of Halt
symbols. This pattern corresponds to using'a 12,5 MHz square wave test signal. Care should
bé¢ exercised to ensure that the opticalpower meter is properly calibrated over the optidal
sIectrum of the source.

Fibre lengths should be sufficient to attenuate cladding mode distribution. Fibres currently
avyailable typically require L.;ato 5 m to remove optical power from the cladding.

Al2.2 Optical spectrum measurements
-

he centre wavelength and spectral width (FWHM) of the Active Output Interface can be
measured using.an optical spectrum analyzer in accordance with method IEC 61280-1-3. The
patch cable used to couple the light from the Active Output Interface to the spectrum analyzer
should besshort to minimize spectral filtering by the patch cable. The output signal during the
measurement should be a stream of Halt symbols.

Al2:3 Rise/fall response time measurements

Active Output Interface rise/fall response times should 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 should be a stream of Halt symbols.
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 of 100 kHz to 750 MHz is required.

A.2.4 Jitter measurements

The Active Output Interface jitter specifications apply in the context of a 1,0 x 10-12 Bit Error
Rate (BER). Jitter may be measured with an oscilloscope or a Bit Error Rate Tester (BERT)
as described in A.4 and A.5. The station should be transmitting the pattern given in A.6 when
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Data Dependent Jitter (DDJ) is measured. A stream of Idle symbols should 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
optical waveform exiting the station. The output signal during the measurement should be a
stream of Halt symbols.

The measurement may be made with a d.c. coupled wideband opto-electronic receiyer thiat
limjearly converts optical power to voltage. The extinction ratio is the ratio ©of) ‘'voltagg,
expressed in percentage, corresponding to the 0% level (low light) te \the voltage
corresponding to the 100 % (high light) level and should be measured using @-stream of Halt
symbols. It is important that the receiver's frequency response, gain flatness and linearity
oyer the range of optical power being measured be sufficient 0. provide accurate
mieasurement of the 0 % and 100 % levels.

.3 Active input interface

Al

The rise/fall times, jitter, and average power ranges spegtified in 8.3 apply to the DDJ test
pattern and define the optical test signal for the Active™nput Interface. A compliant statgﬂ
should receive the test signal over the range of conditions specified with a frame error r
that corresponds to a BER less than or equal to 1,0°x 10-12, The requirements in clause
were written in terms of BER to facilitate the gpecification of components to be used in
particular implementation.

QDS

The source of the Active Input Interface test' signal should be any optical source conforming fto
the specifications in 8.3. It should transmit the DDJ test pattern given in A.6. ISO/IEC 93141
provides a description of both the cading scheme and the allowed test signal base frequen¢y
variations.

The rise/fall times and jittefsof the test signal may be varied by having the source of the
pattern transmit through donger than normal lengths of cable. Lower modal bandwidth cab:ﬁe
mlay also be used to increase the rise/fall times and jitter. If forced to choose between the
correct DDJ or rise/falltimes, then an adjustment should be made to achieve the correct DDJ.
The DCD of the BBJ test pattern should be adjusted electrically at the test signal sour¢e
be¢cause cable length and modal bandwidth variations do not increase DCD.

The worst/case DDJ test signal may require that the cable be longer than actually allowed |in
FDDI physical links.

-

Thé-average power of the DDJ test pattern may be adjusted with a variable optical attenuatqr.
Ahigh power source may be needed to verify the dynamic range of the Active Input Inierface.

The rise/fall times and jitter of the DDJ test signal may be measured with the methods
described in A.2, A.4, and A.5. Components used in a particular implementation may also be
measured with these methods.

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 signhal. The 50 % point is identified as the zero crossing of the a.c. coupled
signal. The zero level is established in absence of the signal.
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There are three types of jitter used in the PMD specifications. The definitions are given below
and the test methods are given in A.5.

(a) 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 8,000 ns width. It is measured on a continuous stream of Idle
symbols (i.e. a 62,5-MHz square wave).

(b) Data Dependent Jitter (DDJ): DDJ is related to the transmitted symbol sequence. It is
caused by the limited bandwidth characteristics of the optical channel components. DDJ
results from non-ideal individual pulse responses and variation in the average value of the
encoded pulse sequence which may cause base-line wander and possible change to-the
sampling threshold level in the receiver. DDJ should be measured using the pattern
described in A.6. DDJ is often seen in combination with other types of jitter. It iscpossible
to measure the effects of DDJ without the effect of random jitter by working 4@dB-'to 6 dB
above any random noise-related limit.

(d) Random Jitter (RJ): RJ is primarily due to thermal noise contributed in the optical receiver.

RJ is modeled as a Gaussian process. RJ should average to zere. It should xe
characterized by the peak value at a 1,0 x 10~12 probability. RJ should-be measured using
a stream of Idle symbols. In this case DCD is easily separated out'and the measured jitter
should only consist of RJ.

-

Al5 Distortion and jitter measurements
Al5.1 DCD measurements

The opto-electronic measurement system described in“A.2.3 should be used to measure DQD
using a stream of idle symbols (i.e. a continuous~62,5-MHz square wave). The widths of the
high and low state levels of the waveform should'be measured at the 50 % amplitude point.

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

5.2 RJ and DDJ measurements

nere are two methods for neasuring jitter: the oscilloscope method and the BERT methogd.
ne BERT method is motejaccurate than the oscilloscope method, but requires access to the
clpck signal used to cfeate the data pattern. The BERT 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 Actiye
Input Interface. The ' BERT method may also be used to measure the jitter of components
being used in a'particular implementation of the Active Input and Output Interfaces.

A
Al5.2.1 General information
T
T

Al5.2.2 Oscilloscope method

A eye'pattern waveform 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 1,0 x 10~12 or less.

A.5.2.3 BERT method
The BERT 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:

To—-Th/2<Td <To + Th/2
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where

To is the optimal decision point (centre of eye diagram);
Tb is the bit period, 8,000 ns;
Td is the decision point.

For each position of Td, a BER measurement is taken giving the probability of jitter occurring
at that Td position. In effect, the test moves along the zero crossing line of the eye pattern,
measuring the probability of the occurrence of jitter at each point in the eye. The range of Td

values that result in a BER less than or equal to 1,0 x 10~12 gives the window (W jf) in the

t

In
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e.
cl
of
jit]

T
a
m
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A
11

e&e that does not have jitter of this probability. The peak-to-peak jitter in the waveform

erefore:
Jitter = Th — W _jf

practice, a BER test set is used to make the bit-by-bit comparison, to inefement the err

IS

pr

unt, and to calculate the measured BER. The clock, or decision point, is moved across t

e

e pattern. When testing for compliance to the Active Output Interface-specifications, the
pck may be extracted from the optical signal exiting the station. It js\important that the jitter

the test receiver used to measure the Active Output jitter be lew-enough to measure t
ter contributed by the station. Component test beds and Active thput Interface test sign

gé¢nerators provide direct access to a suitable clock source to use*in the BERT test method.

ne BERT method may be used to measure both RJ and<DDJ. DCD is usually subtracted fro|
measurement because it is easy to measure separately. A stream of idle symbols is used

easure RJ. The DDJ test pattern is used for DDJYmeasurements. DDJ and RJ may be

parated as described in A.4.

common practice used to save time is te;measure the jitter at higher probabilities (e.g.

0 x 10-8) and then extrapolate to the jitter\width at a 1,0 x 10-12 probability.

e
al

m
to



https://standardsiso.com/api/?name=2f5d1c6e692cc35d4c3b78372366a5d9

- 34 - 9314-9 © ISO/IEC:2000(E)

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 ISO/IEC 9314-1.

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 Active Input and Output Interface specifications~it|is
sliggested that an implementer replace line 1 with a copy of line 3, line 9 with a copy of line g,
lime 11 with a copy of line 13, and line 16 with a copy of line 8. Multiple copies of the-resultifg
p{ttern constituting a maximum length information field of a frame may then be gncased [in

ajppropriate MAC headers and trailers for transmission by a station as a test frame. When the
pattern is used to test the jitter introduced by a particular component, it may,he used directly
as follows.
n,1,J,K,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
1,24,7,0,2,7,4,Db,3,1,8,B,F,8(E,3,9
5,E,6,9,C,A,0,2,4,2,447,0,3,B,F
1,8,1,9,5,E,5,9,6,E,€E,D,7,0,D
4,D,2,2,7,4,D,3,4,8,B,F,8,E,3,9
1,25,E,6,9,C,AJ5R,S,R,S,T,0,3,B,F
1,8,1,9,6(E,5,9,6,E,C,E,3,9,5,1
1,J,Ks2;7,4,D0,3,1,8,B,F,8,E,3,9
5)E}6,9,C,A,0,2,4,2,4,7,0,3,B,F
21,8,1,9,3,E,5,9,6,E,C,A,D,7,0,D
D,0,7,b0,2,7,4,D0,3,1,8,B,F,8,E,3
9,5,E,6,9,C,A,0,2,4,2,4,2,4,2,7
0,3,B,F1,8,F9,C,E,3,ACE,lLI
The implementerJs reminded that the Active Interface requirements apply to any valid symbpol
sg¢quence, and that Active Input Interface performance is dependent on the received symbol
sequenceThe 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 sinale
symbel'may result in base-line wander frequencies as low as 1,38 kHz. An implementer may

wi|stto verify Active Interface conformance using a maximum length frame of repeating "[f"
symbols.
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Annex B
(informative)

Alternative cabling usage

B.1 Alternative fibre sizes

Thble B.T provides a Nisting of ofher fibre types that may be used in an FDDI sysiem. These
fibre types have not been studied and details for their use are not provided for in themain
bpdy of the specification. Therefore, using these fibre types may reduce the maximum
athievable 500 m distance between stations.

Table B.1 — Alternative fibre types

Nominal core diameter Nominal cladding diameter Nominal numerical aperture
IEC 60793-1-A1A IEC 60793-2, and IEC\60793-1-C6
IEC 60793-1-A2
50 pm 125 pm 0,20
50 pm 125 pm 0,21
50 pm 125 pm 0,22
85 um 125 pm 0,26
100 pm 140 pm 0,29
200 um SI 230 pm 0,40
200 pm 230 pfm 0,40

S|l = Step index

P

OTE Large core fibres may launch excessivextransmit power which may exceed the dynamic range of the
receiver.

The body of the LCF-PMD_references a single fibre type to facilitate interoperability ampd
conformance testing; however, other fibre types may also be used. The use of an alternate
fibre type with a particdlar implementation may have the following consequences. At the
acgtive output interface(AOI) more or less light may be launched into the fibre depending up¢n
whether the launch ©ptics are optimized for a core size and an NA (numerical aperture) that
afe smaller or larger‘than that of the alternate fibre size. At the active input interface (All) the
s¢nsitivity may‘be increased or decreased depending on the optimization of the collecting
optics.

Bl.2 _Connection losses

Bl2¥ 1oss hudgets

Table B.2 summarizes the potential effects of alternate fibre sizes as adjustments associated
with the AOI and All; and, provides the loss budget remaining for cabling attenuation. All
adjustments are relative to an implementation using 62,5 um core fibre which has a loss
budget of 7 dB for the cabling.

The length of transmission spans, up to 500 m, for the alternate cablings are highly
dependent on use of appropriate connectors and splices.
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Table B.2 — Summary of loss budgets remaining

E)

Fibre type AOIl typical adjustment All typical adjustment Loss budget remaining

50 um (NA=0,20) -5,0 dB (0,0 to 1,0) dB (2 to 3) dB
50 pm (NA=0,21) -4,5dB (0,0 to 1,0) dB (2,5 to 3,5) dB
50 um (NA=0,22) -4,0 dB (0,0 to 1,0) dB (3to 4) dB

62,5 um (NA=0,275) 0dB 0dB 7,0 dB
85 um (NA=0,26) 1,0 dB (0,0 to —2,5) dB (5,5 to 8) dB
100 pm (NA=0,29) 2,0dB (0,0 to —4,0) dB (5 to 9) dB

200 pum (NA=0,40) S| 2,0 dB (0,0 to —8,0) dB (1to 9) dB
200 pm (NA=0,40) 2,0dB (0,0 to — 8,0) dB (1to 9) dB

S|l = Step index

DO pum.

o

2.2 Test specifications and procedure

.3 Optical bypass switches

B

The light source for the test should be a 1,3 um LED, with a beam\spot size of 70 um. The
photodetector for the test should be a long wavelength PIN PD,~with a detection area

1

Please note that the values in table B.2 may vary if differentvsources and detectors are used

The test procedure is specified in method IEC 60793-1-C1 of IEC 60793-1-4.

mleasuring optical bypass switch loss., Studies have shown that opto-mechanical type bypa
syitches have a tendency to strip the,higher-order power modes. Thus, if the launched inp

syitch might produce lower losses.

Cpreful consideration should be given te, the input launched power mode distribution when

power to the cabling contained many higher-order modes, the switches succeeding the fifst

of

bS
ut
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Annex C
(informative)

Electrical interface considerations

This annex describes the electrical interface of the optical transmitters and receivers as
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reg
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reg
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specified in this annex need not be met if the optical interface supplied meets the applicable

; 2 f
mponents for PHY and LCF-PMD and thus it provides an interface that may be used fer.ihe
rification of the conformance of FDDI MAC and PHY entities. It is not intended to provide
terface for the interconnection of conforming FDDI attachments.

Dr interconnection of conforming FDDI attachments, the true requirement for, interoperability
at the optical fibre interface provided by each attachment. Therefore, the requiremenits

guirements as specified in clause 8.

figures C.1 and C.2, RX+ and RX- form a differential input. They connect the fibre oplic
ceiver output to the Decode function input. The data is transferred as an NRZI pulse stream.

X+ and TX- form a differential output. They connect the;Encode function output to the fibfe
btic transmitter input. The data is transferred as an NRZIKpulse stream.

he differential input/output signals are shown d.cZ,coupled in figure C.1. This d.c. coupling
hs assumed in the jitter allocation shown in annex D.

allow for power supply mismatches hetween components. An implementation using the a/c.
upled scheme may need to provide_for jitter induced due to base-line wander across the
pacitors.

ne differential input/output signals are shown a.c. coupled in figure C.2 as this may be uselul

ne differential interface signals ‘between PHY and LCF-PMD should be compatible with both

e 10K and the 100K ECLogic families.
|
PHY 1+ PMD
PHYSICAL RXd# + FIBRE OPTIC
INPUT _Rx. I ! RECEIVER |
|
[ OPTICAL
50 50 FIBRE
\ AND
\ RELATED
VCC —2V_ . UUIVIT  UITNLTITN T O
PHYSICAL TX+ : FIBRE OPTIC
OUTPUT  Tx- ! | TRANSMITTER
[}
|
, 50 50
! vcc is the power positive voltage for PHY and PMD.
|
! vcee -2V.

Figure C.1 — Test configuration for d.c. coupled components
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PHY ) PMD
1
PHYSICAL RX+ I ch— : FIBRE OPTIC
INPUT  RX- | cl : RECEIVER
: |
R R 50 50 '
! OPTICAL FIBRE
! AND
1 : RELATED
VBB1 Vcez-2V. \ COMPONENTS
' I
PHYSICAL TX+ : | cl FIBRE-OPTIC
OUTPUT Tx- \ el : TRANSMITTER
1
1
RC>1ms \ 50 50 R R
1
Vcey, Veer are the power positive and |
bias levels for PHY and !
' Veer-2V. VB2
1

Vcezand Vgg; are the corresponding levels
for PMD, respectively.

Figure C.2 — Test configuration for a.c. coupled components
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Annex D
(informative)

Example of system jitter allocation

This annex contains an example of a jitter budget for an FDDI physical link.

D

Jdi
Ji

.1 Jitter sources

ter in the fibre optic components consists of Duty Cycle Distortion (DCD), Data ‘Bepende
ter (DDJ), and Random Jitter (RJ). Jitter in the recovered clock consists of Static Alignme

Nt
nt

E

ror (SAE), DDJ, and RJ components. SAE is an offset of the decision time_Slot (clock) fro

m

thle minimum BER is achieved. The major causes of SAE are an initial misalignment error a
differential delays between data and clock paths induced by temperature fluctuations a
aging. See annex A for additional information on jitter measurements and definitions.

the optimal sampling position. When the clock coincides with the optimal. sampling positioin,

The jitter values are expressed as peak-peak values. For RJ;y'both peak-peak values a
r.n.s. values are given. The peak-peak value is defined as that value for which the probabil
that it will be exceeded is equal to 1,0 x 1012, For a Gaussian probability of random jitter, t
different components in the link are assumed to be uneorrelated and are assumed to add
the square root of the sum of their squares.

The jitter budget is provided to document the thilnking underlying the LCF-PMD specificatio
and to serve as guidance for the development-of LCF-PMD and PHY components. Conformi
FPDI stations are required to comply only with the requirements expressed in the main bo
of this standard. For the interconneetion of conforming FDDI attachments, the tr
rgquirement for interoperability is at the“optical interface provided by each attachment. The
rgquirements are given in clauses 5. and 6.

Dl2 Jitter calculation example

The accumulation of peak-peak jitter should not exceed the code-bit period of 8 ns. Using t
jitter data from table D.1)the following sample calculation is given:

Total jitter

= (PHY InyYDED + (PHY In) DDJ + SAE + C_DDJ +(((PHY In) RJ)2 + (C_RJ)2)1/2

= 1,4 +16 + 1,5 + ((3,00)2 + (1,8)2)1/2

= 8;0\ns

d
d

d

ty
e
s

ns

g
y
e

be

he
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Table D.1 — System jitter budget example

ITEM DCD (p-p) DDJ (p-p) RJ (p-p)

ns ns ns*

PH_UNITDATA.request 0,4 0,0 0,32

(PHY Out)

AOI (PMD Out) 1,0 0,6 0,76

All (PMD In) 1,0 0,6 0,76

PH _UNITDATA indication (PHY 1.4 1.6 2.00

In)

Clock recovery jitter:**

SAE and Clock DDJ (C_DDJ)

1,5 ns peak-peak

Clock RJ (C_RJ)

1,8 ns peak-peak (0,143 nsr.m.s.)

* Peak-peak RJ components are evaluated at a probability of 1,0 x 10712,

For a Gaussian distribution, the peak-peak jitter is then 14,0 times the r.m.s. jitter.

** SAE, C_DDJ, and C_RJ are implementation-dependent.
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Annex E
(informative)

LCF-MIC requirements and testing

This annex gives additional information about LCF-MIC requirements and testing.

El1 Combined LCF-MIC mechanical-optical requirements
Table E.1 — Informative LCF-MIC plug/receptacle mechanical-optical requirements
Tests Receptacle Receptacle Plug Plug
Value Method Value Method
Axial pull force 90 N min. E.3 90 N min. E.7
(Igtch retention
fofce) 1,0 d_B max.
variance
Duiplex insertion/ 10 N min. E.4 E.8
withdrawal force
80 N max. 80 N max.
Sipgle plug 1,5 dB max. E.5
Ré¢peatability
Cioss plug 2,0 dB max. E.6
Re¢peatability
Off axis (rotational) 20 N min. E.9
Il
Py 1,0 dB max.
variance
Cable/LCF-MIC pull 90 N min. E.10
stfength (cable to
LEF-MIC retention)
Reliability 250 min. none 250 min. none
Ingertion/withdrawal
Product Life

2 LCF-MIC testing definitions and conditions
he term “failure’/is defined as:

increase)in attenuation of 1,0 dB or a decrease in return loss of 5 dB as specified per tes

observable under x10 magnification unless otherwise stated for the LCF-MIC ferrul

meehanical damage defined as splitting, cracking, pitting, galling or deformati¢n

L.

€,

cable, body or coupler.

c)

functional dimensions non-conforming to print requirements after stress.

The application of a stimulus such as a force or environmental condition shall be applied once
to demonstrate compliance with the requirement unless otherwise stated. The tolerances

gi

ven in table E.2 should apply to all connector tests.
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