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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC INTERCONECTING DEVICES
AND PASSIVE COMPONENTS -
FIBRE OPTIC PASSIVE POWER CONTROL DEVICES -

Part 1: Generic specification

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organizatio
all national electrotechnical committees (IEC National Committees).
international co-operation on all questions concerning standardization in th
this end and in addition to other activities, IEC publishes International 3
Technical Reports, Publicly Available Specifications (PAS) and Guides (he

2) The formal deC|S|ons or agreements of IEC on technlcal

3) IEC Publications have the form of recommehdation

Publications is accurate, IEC cannot be
misinterpretation by any end user.

4) In order to promote intern i

between any IEC Publicai
the latter.

5) IEC itself does pOt provige any 2
assessment ser i
i i b ind 2

services carried ou

ormity. Independent certification bodies provide conformity
¥ to IEC marks of conformity. IEC is not responsible for any
6)

7) ire€tors, employees, servants or agents including individual experts and

and IEC National Committees for any personal injury, property damage or

8) ion i { 6rmative references cited in this publication. Use of the referenced publications is
indispensable fox the coyrect application of this publication.

9) Attention is drawn tovthe possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60869-1 has been prepared by subcommittee 86B: Fibre optic
interconnecting devices and passive components, of IEC TC 86: Fibre optics.

This fourth edition cancels and replaces the third edition, published in 1999, and constitutes a
technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

— the terms and definitions were reconsidered;
— the requirement concerning the IEC Quality Assessment System was reconsidered;

— the clause concerning quality assessment procedures was deleted.
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The text of this standard is based on the following documents:

FDIS Report on voting

86B/3505/FDIS 86B/3551/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all the parts in the IEC 60869 series, under the genera
interconnecting devices and passive components — Fibre optic passive pQ
can be found on the IEC website.

Fibre optic
xrol devices,

Future standards will carry the new general title as cited above,

The committee has decided that the contents of this publicattep\wik\temaiR unchanged until

.ch" in the data

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.

IMPORTANT - The''
that it contains colo

understanding its\content
colour printer.

inside~Nlog the cover page of this publication indicates
re \considered to be useful for the correct
rssshould therefore print this document using a
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FIBRE OPTIC INTERCONECTING DEVICES
AND PASSIVE COMPONENTS -
FIBRE OPTIC PASSIVE POWER CONTROL DEVICES -

Part 1: Generic specification

1 Scope

This part of IEC 60869 applies to fibre optic power control devices. T have all of the

following general features:
— they are passive in that they contain no opto-electronic or other<$ra g ts;

— they have two ports for the transmission of optical pows extransmitted
power in a fixed or variable fashion;

— the ports are unconnectorized optical fibre tails or optical fibre pigtails with connectors.

This standard establishes generic requirements for tb Rg pa

sive\optical devices:

— optical attenuator;
— optical fuse;

— optical power limiter.
Test and measurement procedures for the@bove \ar
IEC 61300-2 series and thg"8130 e 'es 11

2 Normative refere

are described in IEC 61300-1, the

, are normatively referenced in this document and
are indispensable faf i dated references, only the edition cited applies. For
& dition of the referenced document (including any

IEC 60050- national Electrotechnical Vocabulary — Chapter 731: Optical fibre
communication

IEC 60617, Graphical symbols for diagrams. Available from <http://std.iec.ch/iec60617>

IEC 60695-11-5, Fire hazard testing — Part 11-5: Test flames — Needle-flame test method —
Apparatus, confirmatory test arrangement and guidance

IEC 60825 (all parts), Safety of laser products
ISO 129, Technical drawings — Indication of dimensions and tolerances

ISO 286-1, Geometrical product specifications (GPS) — ISO coding system for tolerances of
linear sizes — Part 1: Bases of tolerances and fits

1 References in square brackets refer to the Bibliography.
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ISO 1101, Geometrical product specifications (GPS) — Geometrical tolerancing — Tolerances
of form, orientation, location and run-out

ISO 8601, Data elements and interchange formats — Information interchange -
Representation of dates and times

3 Terms and definitions

For the purposes of this document, the definitions given in IEC 60050-731 as well as the
following apply.

NOTE Definitions are given in three sub-groups; basic terms, component terms and perfo

3.1 Basic terms

3.1.1

insertion loss

reduction in optical power between an input and output port of\a
be transparent, expressed in decibel

intended to

Note 1 to entry: This is defined as follows:
1L =-10 |Og10 (P—I/Po): 10 |Og10 (PO/P1)
where P is the optical power launched into the_i

3.1.2
operating wavelength
nominal wavelength 4 at

performance

3.1.3

operating wavel
specified range
within which an opfi

3.1.4
return loss

RL = =10 log,, (P1/Py)=10A40g,, (P,/ P,)

where P is the optical power launched into the port, and P, the optical power received back from the same port.
3.2 Component terms

3.21

optical attenuator

passive device, which produces a controlled signal attenuation in an optical fibre transmission
line. An attenuator is intended to be wavelength independent

3.2.2

variable optical attenuator

VOA

optically passive device, an attenuator that regulates the optical power in fibres, producing a
controlled, optical output power, as a result of manual or electrical control input
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3.2.3

optical fuse

passive device, which produces a controlled, permanent, signal blocking at a predetermined
power threshold in an optical fibre transmission line

3.24

optical power limiter

passive device that regulates the optical power in fibres, producing a controlled, constant
optical output power P);,it, as a result of varying optical input power higher than P,;;, and has
no influence at optical powers below Pyt

3.2.5

plug style device
device having a combination of two interfacing features, a plug on ong™e
the other

d\a socket on

3.2.6
adaptor style device
device having a combination of two sockets as interfacing

3.3 Performance terms

3.3.1
optical fuse power threshold

optical input power, into an optical fuse, i & optik put power is blocked

Note 1 to entry: The optical fuse power threshgld P, is expres \Watt or dBm.

3.3.2
optical fuse response time

threshold by 1 dB, sta
1 dB and endin e
way down

3.3.3

3.3.4
optical power limiter\yresponse time

total time where the~dptical power limiter output power level is higher than limit power + 1 dB,
staring when the rising power passes the limit power plus 1 dB and ending when the declining
power passes the limit power plus 1 dB on its way down

3.3.5

optical limit power

optical input power, into an optical power limiter, in which the optical output power is latched
and cannot exceed this value. The optical limit power Pj;;; is expressed in Watt or dBm

3.3.6

minimum insertion loss

term applicable only to variable optical attenuators, (VOASs); it is the lowest insertion loss to
which the device may be adjusted

3.3.7
variable attenuation range
range of insertion loss to which the device may be adjusted Documents
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Note 1 to entry: This term is applicable only to VOAs.

3.3.8
insertion loss setting resolution
minimal adjustable step size or difference of the insertion loss of the device

Note 1 to entry: This term is applicable only to VOAs.

3.3.9

accuracy of setting value of attenuation

difference between the insertion loss of the device at a given setting and the manually or
electrically nominal adjusted value of the insertion loss

Note 1 to entry: This term is applicable only to VOAs.

3.3.10

repeatability of setting attenuation value
difference between the insertion loss of the device at a give
insertion loss in previous same settings

value of the

Note 1 to entry: This term is applicable only to VOAs.

3.3.11
maximum allowed power input

maximum input power that the device gan ha o) gvdysfunction or permanent
damage, expressed in Watt or dBm
Note 1 to entry: This term is applicable to all passt ol devices.

4 Description of devige
4.1 Optical attenuato
The optical atte : ice_uged for optical power reduction into or out of an
optical device. The/ gptix normally used for a broad range of wavelengths,
attenuating the powe i

The performap optical attenuator is shown in Figure 1, where the attenuated
power is alw§

Non-attenuated
power input = output

Attenuated power

[

Optical input power

IEC 2314/12

Figure 1 — Optical attenuator operation curve
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4.2 Variable optical attenuator (VOA)

The performance curve of a VOA is similar to Figure 1 of an attenuator, where the attenuated
power is always lower than the non-attenuated power and proportional to it. The VOA
produces a controlled, optical output power, as a result of manual or electrical control input.
The VOA is a passive device used for optical power reduction into or out of an optical device.
The optical attenuator is normally used for a broad range of wavelengths, attenuating the
power at a pre-adjusted level.

4.3 Optical fuse

The optical fuse (see Figure 2) is a passive device, designed to protect equipment and fibre
cables from damage due to optical overpower, spikes and surges. When-the input power is
lower than a predetermined threshold power, the optical fuse remains transparent. However,
the optical fuse becomes permanently opaque when the optical powe eds the specified
predetermined threshold level. The optical fuse is wavelength inde ent iR_the region of its
transparency. The optical fuse is bi-directional.

. A Optical fuse
Optical power threshold
output
power

{\ Blc®ﬂg nuation

t threshgld

I e
\)\Gﬁical input power

IEC 2315/12

the input por devce, such as a detector, or at the output port of a high power
device, such atical amplifier. An activated (burnt) fuse permanently blocks the
forward gpti thout” enlarging the reflected power, thus preventing damage. The
optical fus \ c an eye safety device.

The optical power limiter (see Figure 3) is a passive device that regulates the optical power in
fibres, producing a controlled, constant output power P,;;, as a result of varying input power
higher than P);,it, and has no influence at powers below P);,i;- Under normal operation, when
the input power is low, the optical power limiter has no effect on the system. However, when
the input power is high, the optical output power is limited to a predetermined level (P)iyit)-
The optical power limiter can typically operate under CW input up to 5 dB above P, and
can sustain short duration pulses and spikes (a second in every minute) up to 8 dB above
Plimit-
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Optical 4
output
power
e Piimit

Figure 3 — Optical power limiter operation cy

exposed to damaging

5 Requirements

5.1 Classification
5.1.1 General

Power control devices

- type;
— wavelength band
— style;

— variant;

— normative re

An example of a typical power control device classification is as follows:

erenc

-11 =

power.

extensions.

Optical input power'

Qllowing categories:

Type:

Wavelength band:

Style:

Variant:

Assessment level:

— continuously variable
— L band

— Configuration C

— LC-LC connectors

— Means of mounting

-A

5.1.2 Type

Power control devices types are defined by their intended function.

There are three types of optical attenuators:

Full document details: IEC 60869-12012
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— fixed;
— continuously variable;
— discrete step variable.

There is one type of optical fuse, having discrete predetermined threshold power.
There is one type of optical power limiter, having discrete predetermined limit power.

There are various combinations of the above-mentioned devices, e.g. a fixed optical
attenuator and an optical power limiter in one device, or an optical power limiter and an
optical fuse in one device.

51.3 Wavelength band

Power control devices types are defined by their wavelength band, and yetimes

two or more bands.

5.1.4 Style

— Configuration A — A device as show
connectors.

IEC 2317/12

— Configuration A

wn in Figure 5 containing integral optical pigtails, with a

Power control device

: |

IEC 2318/12

Figure 5 — Configuration B

— Configuration C — A device as shown in Figure 6 containing fibre optic connectors as an
integral part of the device housing.

Power control device

| o= [

IEC 2319/12

Figure 6 — Configuration C
Documents
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— Configuration D — A device containing some combination of the interfacing features of the
preceding configurations.

5.1.5 Variant

The power control device variant identifies those features which encompass structurally
similar components.

Examples of features which define a variant include, but are not limited to, the following:

— orientation of ports on housing;

— means for mounting.
5.1.6 Assessment level

The detail specification shall include all required tests for quality ass€sgx

Each test shall be assigned to one of four groups labelled A, B{C and\D.

inspection levels/AQLs of groups A and B and the ing i i of groups C and D.

The following are preferred levels:

— Assessment level A
e group A inspection:
e group B inspection:
e group C inspection’
e group D inspec
- Assessment@
e group A inspe

e groupBi

pection level II, AQL =1 %
e group @~nsgecti 8-month periods

e group D inspeygtion: 36-month periods

e group Ad ion: inspection level Il, AQL = 0,4 %
e group B insp inspection level Il, AQL = 0,4 %
e group C inspection: 12-month periods
e group D inspection: 24-month periods

Groups A and B are subject to lot-by-lot inspection and groups C and D are subject to periodic
inspection. One additional assessment level (other than those specified above) may be added
in the detail specification. In this case, it shall be designated by the capital letter X.

NOTE AQL = Acceptable Quality Level.
5.1.7 Normative reference extensions

Normative reference extensions are used to identify integrated independent standard
specifications or other reference documents into blank detail specifications.

Unless specified exceptions are noted, additional requirements imposed by an exiension are

mandatory. Usage is primarily intended to merge associated components-to I@GLBAENTS
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devices, or integrated functional application requirements that are dependent on technical
expertise other than fibre optics.

Published reference documents produced by ITU, consistent with the scope statements of the
relevant IEC specification series, may be used as extensions. Published documents produced
by regional standardization bodies such as TIA, CENELEC, JIS, etc. may be referenced in an
informative annex attached to the generic specification.

Some optical fibre splice configurations require special qualification provisions which shall not
be imposed universally. These cases encompass individual component design configurations,
specialised field tooling, or specific application processes. In these cases requirements are
necessary to assure repeatable performance or adequate safety, and provide additional
guidance for complete product specification. These extensions are mandatory™whenever used

preparation of qualification test specimens. The relevant specjficati larify all
stipulations. However, design and style dependent extension§ )
universally.

In the event of conflicting requirements, precedence, in d
over "mandatory extension", over "blank detail", over
extension".

hall be "generic"
dlication specific

— using IEC 61754-4 and IEC 61 IEC 60874 series

— using IEC 61754-13 and IEC 608
specification for an integrated type

— using IEC 61754-2
specification for a d

Other examples of\tequi
or residential b ‘@ i
regulations or incdrporat

specialised locati

define a future |EC 60874 series

Specialized
electrical
prevent

5.2 Documentatio
5.21 Symbols

Graphical and letter symbols shall, whenever possible, be taken from the IEC 60027 and the
IEC 60617 series unless superseded by this part of IEC 60859.

5.2.2 Specification system
5.2.21 General
This specification forms part of a three-level IEC specification system. Subsidiary

specifications shall consist of blank detail specifications and detail specifications. This system
is shown in Table 1. There are no sectional specifications for power control devices.
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Table 1 — Three-level IEC specification structure

Examples of information
to be included

Specification Applicable to

level

— Assessment system rules

— Inspection rules

— Optical measurement methods
— Sampling plans

— ldentification rule

— Marking standards Two or more component

families or subfamilies

@N

A)

Basic

— Dimensional standards
— Terminology

— Symbols

— Preferred number series
— Sl units

— Specific terminology
— Specific symbols

— Specific units

— Preferred values
Generic — Marking p
— Quality assessment procedures
— Selection of tests

entNfami

— Qualification approval and/or capab|l|t roval |
procedures
— Quality conformance test schedule M s of types havin
Blank detail — Inspection requirements P yP g
a common test schedule
— Information comm oanu ro type b

Individual type

— Individual values
Detail — Specific information
— Completed quality gonformansge edules

devices includin
and performanc
control device desig

eristics, housing configurations, test methods
detail specification is applicable to any power

5.2.2.3
A speci troI device is described by a corresponding detail specification, which is
prepared blanks of the blank deta|I specmcatlon Within the constramts

national committee~g
control device design.

he IEC, thereby defining as an official IEC standard a particular power

Detail specifications shall specify the following as applicable:

— type (see 5.1.2);

— wavelength band (see 5.1.3);

— style (see 5.1.4);

— variant(s) (see 5.1.5);

— variant identification number(s) (see 5.7.2);
— all tests required;

— assessment level (see 5.1.6);

— performance requirements (see 5.6).
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5.2.3 Drawings
5.2.31 General

The drawings and dimensions given in detail specifications shall not restrict details of
construction, nor shall they be used as manufacturing drawings.

5.2.3.2 Projection system

Either first-angle or third-angle projection shall be used for the drawings in documents
covered by this specification. All drawings within a document shall use the same projection
system and the drawings shall state which system is used.

5.2.3.3 Dimensional system

All dimensions shall be given in accordance with ISO 129, ISO 286-
The metric system shall be used in all specifications.
Dimensions shall not contain more than five significant digi

When units are converted, a note shall be added in/e ant &pecification and the
conversion between systems of units shall use a inch.

5.2.4 Tests and measurements
5.2.4.1 Measurement method

ions shall be specified in the detail
ithin a total tolerance zone of 0,01 mm

The size measurement
specification for any dim
or less.

5.2.4.2 Refe@e

Reference compon
specification.

5.2.4.3

Test data sheets shall be prepared for each test conducted as required by a detail
specification. The data sheets shall be included in the qualification report and in the periodic
inspection report.

Data sheets shall contain the following information as a minimum:

— title of test and date;

— specimen description including the variant identification number (see 5.7.2);

— test equipment used;

— all applicable test details;

— all measurement values and observations;

— sufficient detailed documentation to provide traceable information for failure analysis.
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5.2.6 Instructions for use
Instructions for use, when required, shall be given by the manufacturer and shall consist of

— assembly and connection instructions,
— cleaning method,
— safety aspects,

— additional information as necessary.
5.3 Standardization system

5.3.1 Interface standards

interface. Interface standards fully define and dimension the featu
and unmating of optical fibre connectors and other components:

together. The standards may also contain tolera
devices. Tolerance grades are used to provide differ,

interface dimensions. The use of these dime ved’with those of a standard plug
provides the designer with assurance/that the's plugs will fit into the optical device
mount. They also provide the optical datu 0 atiopr of the plugs.

Standard interface di

guarantee connector ical performance is currently guaranteed via

the manufacturi . from the same or different manufacturing
specifications @ ; interface will always fit together. Guaranteed
performance can giv A ing anufacturer only for products delivered to the same
manufacturing spe Qn. € t can be reasonably expected that some level of
performance will<pe ok ed by mating products from different manufacturing specifications,
although the lgvel annot be expected to be any better than that of the lowest
specified ped

5.3.2

Performance sta contain a series of test sets and measurements (which may or may

not be grouped intdva specified schedule, depending on the requirements of that standard)
with clearly defined conditions, severities and pass/fail criteria. The tests are intended to be
run on a 'one-off' basis to prove any product’s ability to satisfy the requirement of the
performance standards. Each performance standard has a different set of tests and/or
severities (and/or groupings), and represents the requirements of a market sector, user group
or system location.

A product that has been shown to meet all the requirements of a performance standard can
be declared as complying with a performance standard but should then be controlled by a
quality assurance/quality conformance programme.

A key point of the test and measurements standards, for their application (particularly with
regard to insertion loss and return loss) in conjunction with interface standards of inter
product compatibility, may be defined. The conformity with this standard of each individual
product will be ensured.
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5.3.3 Reliability standards

Reliability standards are intended to ensure that a component can meet performance
specifications under stated conditions for a stated time period.

For each type of component, the following elements need to be identified (and appear in the
standard):

— failure modes (observable general mechanical or optical effects of failure);

— failure mechanisms (general causes of failure, common to several components) ;

— failure effects (detailed causes of failure, specific to the component).

These are all related to environmental and material aspects.

Initially, just after component manufacture, there is an “infant mortah
many components would fail if they were deployed in the field. To 3
components may be subjected to a screening process in the f
stresses that may be mechanical, thermal, and humidity-
failure mechanisms in a controlled environmental situati

than a test method. It will

appear, and the failure rate
seful life ends, the “wear-out

y on a sample population of components
may be applied by the suppii K er; or by a third party. This is to ensure that

the component meets pe s-over the range of intended environments at
this initial time. ReliabHNity test ar hand, is applied to ensure that the component
meets performa ifi At least a specified minimum useful lifetime or with a
specified maximumvfai e\tests are usually done by utilising the same performance
testing, with increas i eVérity to accelerate the failure mechanisms.

A rellablllty 3 ponent reliability testing to component parameters and to

rate in services

5.3.4 Interlinking

The standards relevant to fibre optic connectors are given in Figure 7. A large number of test
and measurement standards are already in place. The quality assurance/ qualification
approval standards produced under the banner of the IECQ have already been in place for
many years.

With regard to interface, performance optical interface and reliability standards, the matrix
given in Table 2 demonstrates some of the options available for product standardization once
all these three standards are in place.

Product A is fully IEC standardized, having a standard interface and meeting defined optical
interface performance and reliability requirements.

Product B is a product with a proprietary interface, but which meets defined IEC optical
interface, performance and reliability requirements. Documents
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Product C is a product with a proprietary interface, which meets defined IEC optical interface
and performance standards but does not comply with reliability requirements.

Product D is a product which complies with an IEC standard interface which complies with the
IEC optical interface standard but does not meet the requirements of either an IEC
performance standard or reliability documentation.

Product E is a product which complies with both an IEC standard interface and a performance
standard, but does not meet the optical interface or reliability requirements.

Obviously the matrix is more complex than that shown in Table 2, since a number of interface,
performance and reliability documents will be able to be cross-related—In addition, the
products may all be subject to a quality assurance programme that could(be conducted under
IEC approval, or even under a national or company quality assurance

N\
Test and Optical interface N L >
measurement Interface Performance {ReQﬂ\lt ali
IEC 61300-XX IEC 61754-XX IEC 61755-XX IEC 61753-X IEE 6 5§X
IEC
specification
structure:
Generic
specification
Blank detail
Q specification
Detail
specification
IEC 2320/12

Figure 7 — Standardization structure

Table 2 — Standards interlink matrix

Product Interface Optical interface Performance Reliability
standard standard standard documentation
Product A YES YES YES YES
Product B NO YES YES YES
Product C NO YES YES NO
Product D YES YES NO NO
Product E YES NO YES NO
Documents
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5.4 Design and construction
5.4.1 Materials

The devices shall be manufactured from materials which meet the requirements of the
relevant specification.

When non-flammable materials are required, the requirement shall be specified in the relevant
specification, and the needle-flame test (see IEC 60695-11-5) shall be referenced.

5.4.2 Workmanship

Devices and associated hardware shall be manufactured to a uniform quali
of sharp edges, burrs or other defects that would affect life, serviceah appearance.
Particular attention shall be given to neatness and thoroughness of ma pia soldering,
bonding, etc.

5.5 Quality

Power control devices shall be controlled by the quality asse

5.6 Performance

Power control devices shall meet the
specification standards.

perfor e euir@‘nen specified in the relevant

5.7 Identification and marking
5.7.1 General

Devices, associated

ardwareNand shipping pagkages, shall be permanently and legibly
identified and marked wt ’

ant specification.

all be assigned a variant identification number; this

QC800001 001 A

specification number

Variant number

Assessment level

5.7.3 Component marking

Component marking, if required, shall be specified in the detail specification. The preferred
order of marking is the following:

a) port identification;
b) manufacturer's part number (including serial number, if applicable);
c) manufacturer's identification mark or logo; Documents
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d) manufacturing date;

e) variant identification number;

f) any additional marking required by the detail specification.

If space does not allow for all the required marking on the component, each unit shall be

individually packaged with a data sheet containing all of the required information which is not
marked.

5.7.4 Package marking

Several power control devices may be packaged together for shipment.

Package marking, if required, shall be specified in the detail specification eferred order
of marking is the following:

a) manufacturer's identification mark or logo;

b) manufacturer's part numbers;

¢) manufacturing date codes (year/week, see ISO 8601);

d) variant identification number(s);

e) type designations;
f) assessment levels;
g) any additional marking required by the
When applicable, individual unit packages

the reference number of the certified recard
identity code and the compgnent identi 'cat

5.8 Packaging

Packages shall in

5.10 Safety

Optical power control devices, when used on an optical fibre transmission system and/or
equipment, may emit potentially hazardous radiation from an uncapped or unterminated
output port or fibre end. Safety instructions shall be according to the IEC 60825 series (laser
safety).

The manufacturers of optical power control devices shall make available sufficient information
to alert system designers and users about the potential hazard and shall indicate the required
precautions and working practices.

In addition, each relevant specification shall include the following text:

WARNING NOTE
Care should be taken when handling small diameter fibres to prevent puncturing the skin, especially in the eye

area. Direct viewing of the end of an optical fibre or an optical fibre connector when it is propagating energy is not
recommended unless prior assurance has been obtained as to the safety of the energy output level.
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