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European foreword 

The text of document 86B/3861/CDV, future edition 3 of IEC 61977, prepared by SC 86B "Fibre optic 
interconnecting devices and passive components" of IEC/TC 86 "Fibre optics" was submitted to the 
IEC-CENELEC parallel vote and approved by CENELEC as EN 61977:2015. 

The following dates are fixed: 

• latest date by which the document has to be implemented at 
national level by publication of an identical national 
standard or by endorsement 

(dop) 2016-07-02 

• latest date by which the national standards conflicting with 
the document have to be withdrawn 

(dow) 2016-10-02 

 

This document supersedes EN 61977:2010. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such 
patent rights. 

Endorsement notice 

The text of the International Standard IEC 61977:2015 was approved by CENELEC as a European 
Standard without any modification. 

In the official version, for Bibliography, the following notes have to be added for the standards indicated: 

IEC 60068 NOTE Harmonized in EN 60068 series. 

IEC 61754 NOTE Harmonized in EN 61754 series. 

IEC 61978-1 NOTE Harmonized as EN 61978-1. 

IEC 62005 NOTE Harmonized in EN 62005 series. 
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Annex ZA 
(normative) 

 
Normative references to international publications 

with their corresponding European publications 

The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated 
references, the latest edition of the referenced document (including any amendments) applies. 

NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod), 
the relevant EN/HD applies. 

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is 
available here: www.cenelec.eu. 

 

Publication Year Title EN/HD Year 

IEC 60027 series  Letter symbols to be used in electrical 
technology 

- - 

IEC 60050-731 -   International Electrotechnical Vocabulary - 
Chapter 731: Optical fibre communication 

- -   

IEC 60617 series  Graphical symbols for diagrams - - 

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

EN 60695-11-5 -   

IEC 60825 series  Safety of laser products  EN 60825 series  

IEC 61300 series  Fibre optic interconnecting devices and 
passive components - Basic test and 
measurement procedures 

EN 61300 series  

IEC/TR 61930 -   Fibre optic graphical symbology - -   

ISO 129-1 -   Technical drawings - Indication of 
dimensions and tolerances - 
Part 1: General principles 

- -   

ISO 286-1 -   Geometrical product specifications (GPS) - 
ISO code system for tolerances on linear 
sizes - 
Part 1: Basis of tolerances, deviations and 
fits 

EN ISO 286-1 -   

ISO 1101 -   Geometrical product specifications (GPS) - 
Geometrical tolerancing - Tolerances of 
form, orientation, location and run-out 

EN ISO 1101 -   

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

- -   
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
FIBRE OPTIC INTERCONNECTING DEVICES  

AND PASSIVE COMPONENTS –  
FIBRE OPTIC FILTERS – GENERIC SPECIFICATION 

 
FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the 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 61977 has been prepared by subcommittee 86B: Fibre optic 
interconnecting devices and passive components, of IEC technical committee 86: Fibre optics. 

This third edition cancels and replaces the second edition published in 2010. It constitutes a 
technical revision.  

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

a) harmonization of a number of terms and definitions with other generic specifications; 
b) deletion of the quality assessment level clause.  
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The text of this standard is based on the following documents: 

CDV Report on voting 

86B/3861/CDV 86B/3917/RVC 

 
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. 

The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
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FIBRE OPTIC INTERCONNECTING DEVICES AND PASSIVE  
COMPONENTS – FIBRE OPTIC FILTERS – GENERIC SPECIFICATION 

 
 
 
 

1 Scope 

This International Standard applies to the family of fibre optic filters. These components have 
all of the following general features: 

– they are passive for the reason that they contain no optoelectronic or other transducing 
elements which can process the optical signal launched into the input port; 

– they modify the spectral intensity distribution in order to select some wavelengths and 
inhibit others; 

– they are fixed, i.e. the modification of the spectral intensity distribution is fixed and cannot 
be tuned; 

– they have input and output ports or a common port (having both functions of input and 
output) for the transmission of optical power; the ports are optical fibre or optical fibre 
connectors; 

– they differ according to their characteristics. They can be divided into the following 
categories: 

• short-wave pass (only wavelengths lower than or equal to a specified value are 
passed); 

• long-wave pass (only wavelengths greater than or equal to a specified value are 
passed); 

• band-pass (only an optical window is allowed); 

• notch (only an optical window is inhibited). 

It is also possible to have a combination of the above categories. 

This standard establishes uniform requirements for the following: 

– optical, mechanical and environmental properties. 

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 60027 (all parts), Letter symbols to be used in electrical technology  

IEC 60050-731, International Electrotechnical Vocabulary – Chapter 731: Optical fibre 
communication (available at http://www.electropedia.org) 

IEC 60617 (all parts), Graphical symbols for diagrams (available at 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 
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IEC 61300 (all parts), Fibre optic interconnecting devices and passive components – Basic 
test and measurement procedures 

IEC TR 61930, Fibre optic graphical symbology 

ISO 129-1, Technical drawings – Indication of dimensions and tolerances – Part 1: General 
principles 

ISO 286-1, Geometrical product specifications (GPS) – ISO code system for tolerances on 
linear sizes – Part 1: Basis of tolerances, deviations and fits 

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 terms and definitions given in IEC 60050-731 and the 
following apply. 

3.1 Basic terms  

3.1.1  
port  
optical fibre or optical fibre connector attached to a passive component for the entry and/or 
exit of the optical power (input and/or output port) 

3.2 Component terms 

3.2.1  
BPF 
band-pass filterfibre optic filter designed to allow signals between two specific wavelengths to 
pass 

Note 1 to entry: This note applies to the French language only. 

3.2.2  
etalon 
device consisting of a transparent plane-parallel plate with two reflecting surfaces, or two 
parallel reflecting mirrors 

Note 1 to entry: The varying transmission function of an etalon is caused by interference between the multiple 
reflections of light between the two reflecting surfaces. 

Note 2 to entry: Annex A describes the outline of etalon technology. 

3.2.3  
FBG 
fibre Bragg grating 
fibre optic device which has a short periodic variation to the refractive index of the fibre core 
along the fibre 

Note 1 to entry: An FBG can reflect particular wavelengths of light and transmit other wavelengths. 

Note 2 to entry: Annex B describes the outline of FBG technology. 

Note 3 to entry: This note applies to the French language only. 
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3.2.4  
fibre optic filter 
passive component used in fibre optic transmission to modify the spectral intensity distribution 
of a signal in order to transmit or attenuate some wavelengths and block some others 

Note 1 to entry: The wavelength band which transmits or attenuates the signal is called the passband. There may 
be more than one passband. 

3.2.5  
GFF 
GEQ 
gain flattening filter 
gain equalizer 
device designed to have the inverse characteristic of the wavelength dependent insertion loss 
of an optical device 

Note 1 to entry: A GFF (GEQ) is used for the purpose of minimizing the wavelength dependent loss of a fibre 
optic device. 

Note 2 to entry: A GFF (GEQ) is typically used with (in) an optical amplifier. 

Note 3 to entry: This note applies to the French language only. 

Note 4 to entry: This note applies to the French language only.  

3.2.6  
long wavelength pass filter 
LWPF 
fibre optic filter that passes long wavelength signals but reduces the amplitude of short 
wavelength signals 

Note 1 to entry: This note applies to the French language only. 

3.2.7  
notch filter 
fibre optic filter that passes all wavelengths except those in a stop band centred on a 
particular wavelength 

3.2.8  
reflecting type fibre optic filter 
fibre optic filter in which the input and output ports are coincident 

3.2.9  
short wavelength pass filter 
SWPF 
fibre optic filter that passes short wavelength signals but reduces the amplitude of long 
wavelength signals 

Note 1 to entry: This note applies to the French language only. 

3.2.10  
thin-film filter 
TFF 
fibre optic filter which passes particular wavelength band(s) and reflects all other  
wavelengths by using the interference effect of thin-film 

Note 1 to entry: One of the typical TFF is a dielectric multi-layer film filter. Annex C describes the outline of TFF 
technology. 

Note 2 to entry: This note applies to the French language only. 
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3.2.11  
transmitting type fibre optic filter 
fibre optic filter in which the input and output ports are separated 

3.3 Performance terms 

3.3.1  
operating wavelength 
nominal wavelength λh, at which a fibre optic filter operates with the specified performances 

Note 1 to entry: The term "operating wavelength" includes the nominally transmitting wavelength, and designated 
attenuation/isolation wavelength. 

3.3.2  
operating wavelength range 
specified range of wavelengths including all operating wavelengths 

Note 1 to entry: It includes all passbands and isolation wavelength ranges. 

3.3.3  
passband 
wavelength range within which a passive optical component is required to operate with optical 
attenuation less than or equal to a specified optical attenuation value 

Note 1 to entry: There may be one or more passbands for a fibre optic filter. 

3.3.4  
passband ripple 
maximum peak-to-peak variation of the insertion loss (absolute value) over the passband  

Note 1 to entry: See Figure 1. 

 

a) – Passband ripple at band edges b) – Passband ripple in band 

Figure 1 – Illustration of passband ripple 

Note 2 to entry: For a WWDM (wide wavelength division multiplexing) fibre optic filter which has only one 
passband, the term spectral ripple or flatness is used instead of passband ripple. 

3.3.5  
insertion loss 
reduction of optical power in a passband, when transmitted between the ports of a two-port 
fibre optic filter  
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Note 1 to entry: The insertion loss is expressed in decibels and defined as: 









−=

in

out
10log10

P
Pa  

where 

Pin   is the optical power launched into one of the two ports 

Pout  is the optical power received from the other port 

Note 2 to entry: The insertion loss is a function of wavelength. 

3.3.6  
free spectral range 
in the case of a periodic spectral response of a fibre optic filter, difference between two 
adjacent operating wavelengths 

3.3.7  
isolation wavelength 
nominal wavelength λk (where λh ≠ λk), that is nominally suppressed by a fibre optic filter 

3.3.8  
isolation wavelength range 
stopband 
specified range of wavelengths from λkmin to λkmax around the isolation wavelength λk, that 
are nominally suppressed by a fibre optic filter 

Note 1 to entry: There may be one or more isolation wavelength ranges (stopbands) for a fibre optic filter. 

Note 2 to entry: The term stopband is an antonym of the term passband. 

Note 3 to entry: See Figure 2. 

 

Figure 2 – Illustration of a stopband 

3.3.9  
maximum insertion loss within a passband 
maximum value of the insertion loss within a passband 

Note 1 to entry: Figure 3 shows passband and maximum insertion loss within a passband. 
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Figure 3 – Illustration of maximum insertion loss within a passband 

3.3.10  
maximum slope of passband ripple 
maximum value in fibre optic filter of the derivative of the insertion loss (for transmitting type 
fibre optic filter) or return loss (for reflecting type fibre optic filter) as a function of wavelength 
over the passband 

3.3.11  
minimum insertion loss within a passband 
minimum value of the insertion loss within a passband 

Note 1 to entry: Figure 4 shows passband and minimum insertion loss within a passband. 

 

Figure 4 – Illustration of minimum insertion loss within a passband 

3.3.12  
return loss 
fraction of input power that is returned from a port of a fibre optic filter 

Note 1 to entry: The return loss is expressed in decibels and defined as: 
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where 

Pin  is the optical power launched into the port; 

Prefl  is the optical power received back from the same port 

Note 2 to entry: The return loss is a function of wavelength. 

3.3.13  
wavelength dependent loss 
variation of insertion loss of a fibre optic filter within passband(s). 

Note 1 to entry: When there are two or more passbands, the wavelength dependent loss is generally defined as 
the maximum value of passband ripples. 

3.3.14  
X dB bandwidth 
minimum band width which the variation of insertion loss is X dB within a passband.  

Note 1 to entry: X dB bandwidth shall be determined by considering the temperature dependency of wavelength, 
polarization dependency, long term stability of wavelength, etc. 

Note 2 to entry: X is typically used as 0,5, 1, 3 or 20. 

Note 3 to entry: See Figure 5. 

 

Figure 5 – Illustration of X dB bandwidth 

4 Requirements 

4.1 Classification 

4.1.1 General 

Filters are classified either totally or in part in the following categories: 

– type;  
– style;  
– variant;  
– environmental category;  
– assessment level; 
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– normative reference extensions. 

An example of a typical filter classification is given in Table 1: 

Table 1 – Example of a typical filter classification 

Type Fixed 

Style – Configuration C 
– Fibre type: IEC type A1a 
– SC connector 

Variant Means of mounting 

Assessment level A 

 

4.1.2 Type 

The optic filter type shall be defined by its intended function and optical performance. There 
are several types of filters, for instance: 

– long wavelength pass filter (LWPF); 
– band-pass filter (BPF); 
– short wavelength pass filter (SWPF); 
– gain flattening filter (GFF)/ gain equalizer (GEQ); 
– notch. 

4.1.3 Style 

The optic filter style shall be defined on the basis of the following elements: 

– the input and output port configuration; 
– the connector set type(s), if any. 

The seven different input and output configurations can be scheduled as shown in Figure 6: 

 

a) Configuration A – Device containing fibre optic pigtails without connector plug 

 

b) Configuration B – Device containing integral fibres, with a connector plug on each fibre 

 

c) Configuration C – Device containing fibre optic connectors as a part of the device housing 

IEC 
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d) Configuration D – Device containing one fibre optic pigtail without connector plug 

 

e) Configuration E – Device containing one fibre optic pigtail with a connector plug 

 

f) Configuration F – Device containing one fibre optic connector as a part of the device housing 

NOTE Configuration G is a device containing some combination of the interfacing features of the preceding 
configurations. 

Figure 6 – Optic filter style configurations 

4.1.4 Variant 

The optic filter variant defines the feature that identifies the variety of structurally similar 
components. Examples of feature variables which create variants are: 

– cable type; 
– fibre type; 
– housing; 
– orientation of ports; 
– means of mounting. 

4.1.5 Normative reference extensions 

Normative reference extensions are used to identify independent standards specifications or 
other reference documents integrated into relevant specifications. 

Unless a specified exception is noted, additional requirements imposed by an extension are 
mandatory. Usage is primarily intended to merge associated components to form hybrid 
devices, or integrated functional application requirements that are dependent on technical 
expertise other than fibre optics. 

Some optical fibre filter configurations require special qualification provisions which shall not be 
imposed universally. This accommodates individual component design configurations, specialized 
field tooling, or specific application processes. In this case requirements are necessary to 
guarantee repeatable performance or adequate safety, and provide additional guidance for 
complete product specification. These extensions are mandatory whenever used to prepare, 
assemble or install an optical fibre splice either for field application usage or preparation of 
qualification test specimens. The relevant specification shall clarify all stipulations. However, 
design and style dependent extensions shall not be imposed universally. 
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Some commercial or residential building applications may require direct reference to specific 
safety codes and regulations or incorporate other specific material flammability or toxicity 
requirements for specialized locations. 

Specialized field tooling may require an extension to implement specific ocular safety, elec-
trical shock or burn hazard avoidance requirements, or require isolation procedures to prevent 
potential ignition of combustible gases. 

4.2 Documentation 

4.2.1 Symbols 

Graphical and letter symbols shall, whenever possible, be taken from the IEC 60027 series, 
the IEC 60617 series and IEC TR 61930.  

4.2.2 Specification system 

4.2.2.1 General 

This specification is part of the IEC specification system. Subsidiary specifications shall 
consist of relevant specifications. This system is shown in Table 2. There are no sectional 
specifications for filters. 

Table 2 – The IEC specification structure 

Specification level Examples of information to be included Applicable to 

Basic Assessment system rules 

Inspection rules 

Optical measurement methods 

Sampling plans 

Identification rule 

Marking standards 

Dimensional standards 

Terminology 

Symbol 

Preferred number series 

SI units 

Two or more component families 
or sub-families 

Generic Specific terminology 

Specific symbols 

Specific units 

Preferred values 

Marking 

Selection of tests 

Qualification approval and/or capability 
approval procedures 

Component family 

Blank detail Quality conformance test schedule 

Inspection requirements 

Information common to a number of types 

Groups of types having a 
common test schedule 

Detail Individual values 

Specific information 

Completed quality conformance test 
schedules 

Individual type 
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4.2.2.2 Blank detail specifications 

The blank detail specification lists all of the parameters and features applicable to a fibre 
optic filter, including the type, operating characteristics, housing configurations, test methods, 
and performance requirements. The blank detail specification is applicable to any fibre optic 
filter design and quality assessment requirement. The blank detail specification contains the 
preferred format for stating the required information in the detail specification. 

Blank detail specifications are not, by themselves, a specification level. They are associated 
with the generic specification. 

Each blank detail specification shall be limited to one environmental category. 

Each blank detail specification shall contain 

– the minimum mandatory test schedules and performance requirements, 
– one or more assessment levels, 
– the preferred format for stating the required information in the detail specification, 
– in case of hybrid components, including connectors, addition of appropriate entry fields to 

show the reference normative document, document title and issue date. 

4.2.2.3 Detail specifications 

A specific fibre optic filter is described by a corresponding detail specification, which is 
prepared by filling in the blanks of the blank detail specification. Within the constraints 
imposed by this generic specification, the blank detail specification may be filled in by any 
national committee of the IEC, thereby defining a particular fibre optic filter as an IEC 
standard. 

Detail specifications shall specify the following, as applicable: 

– type (see 4.1.2);  
– style (see 4.1.3); 
– variant(s) (see 4.1.4); 
– part identification number for each variant (see 4.6.2); 
– drawings, dimensions required (see 4.2.3); 
– quality assessment test schedules (see 4.2.5); 
– performance requirements (see 4.5).  

4.2.3 Drawings 

4.2.3.1 General 

The drawings and dimensions given in the relevant specifications shall not restrict detail 
construction nor be used as manufacturing drawings. 

4.2.3.2 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. 

4.2.3.3 Dimensional system 

All dimensions shall be given in accordance with ISO 129-1, ISO 286-1 and ISO 1101. The 
metric system shall be used in all specifications. Dimensions shall not contain more than five 
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significant digits. When units are converted, a note shall be added in each relevant 
specification. 

4.2.4 Test and measurements 

4.2.4.1 Test and measurement procedures 

The test and measurement procedures for optical, mechanical, climatic and environmental 
characteristics of filters to be used shall be defined and selected preferentially from the 
IEC 61300 series. The size measurement method to be used shall be specified in the relevant 
specification for dimensions which are specified within a total tolerance zone of 0,01 mm or 
less. 

4.2.4.2 Reference components 

Reference components for measurement purposes, if required, shall be specified in the 
relevant specification. 

4.2.4.3 Gauges 

Gauges, if required, shall be specified in the relevant specification. 

4.2.5 Test report 

The test reports shall be prepared for each test conducted as required by a relevant 
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 and date of test; 
– specimen description including the variant identification number (see 4.6.2); 
– test equipment used; 
– all applicable test details; 
– all measurement values and observations; 

4.2.6 Instructions for use 

Instructions for use, when required, shall be given by the manufacturer. 

4.3 Standardisation system 

4.3.1 Interface standards 

Interface standards provide both manufacturers and users with all the information they require 
to make or use products conforming to the physical features of that standard interface. 
Interface standards fully define the features essential for the mating and unmating of optical 
fibre connectors and other components. They also serve to position the optical datum target, 
where defined, relative to other reference data. 

Interface standards ensure that connectors and adapters that comply with the standard will fit 
together. The standards may also contain tolerance grades for ferrules and alignment devices. 
Tolerance grades are used to provide different levels of alignment precision. 

The interface dimensions may also be used to design other components that will mate with 
the connectors. For example, an active device mount can be designed using the adapter 
interface dimensions. The use of these dimensions combined with those of a standard plug, 
provides the designer with assurance that the standard plugs will fit into the optical device 
mount. They also provide the location of the plug’s optical datum target. 
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Standard interface dimensions do not, by themselves, guarantee optical performance. They 
guarantee connector mating at a specified fit. Optical performance is currently guaranteed via 
the manufacturing specification. Products from the same or different manufacturing 
specifications using the same standard interface will always fit together. Guaranteed 
performance can be given by any single manufacturer only for products delivered to the same 
manufacturing specification. However, it can be reasonably expected that some level of 
performance will be obtained by mating products from different manufacturing specifications, 
although the level of performance cannot be expected to be any better than that of lower 
specified performance. 

4.3.2 Performance standards 

Performance standards contain a series of tests and measurements (which may or may not be 
grouped into a 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 the ability of any product to satisfy the "performance standards" 
requirement. Each performance standard has a different set of tests, and/or severities (and/or 
groupings) representing 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. 

It may be possible to define a key point of the test and measurements standards, when these 
are applied (particularly with regard to insertion loss and return loss) in conjunction with the 
interface standards of inter-product compatibility. Certainly conformance on each individual 
product to this standard will be ensured. 

4.3.3 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 shall be identified (and shall appear in the 
standard): 

– failure modes (observable general, mechanical or optical effects of failure); 
– failure mechanisms (general causes of failure, which may be common to several 

components), and  
– failure effects (detailed causes of failure, specific to component). 

These are all related to environmental and material aspects. 

There is an initial "infant mortality phase" just after component manufacturing, during which 
many components would fail if they were deployed in the field. To avoid early field failure, all 
components may be subjected to a screening process in the factory, involving environmental 
stresses that may be mechanical, thermal and humidity related. This is to induce known 
failure mechanisms in a controlled environmental situation to occur earlier than would 
normally be seen in the unscreened population. For those components that survive (and are 
then sold), there is a reduced failure rate since these mechanisms have been eliminated. 

Screening is an optional part of the manufacturing process, rather than a test method. It will 
not affect the "useful life" of a component defined as the period during which it performs 
according to specifications. Eventually other failure mechanisms appear, and the failure rate 
increases beyond some defined threshold. At this point the useful life ends and the "wear-out 
region" begins, and the component must be replaced. 

At the beginning of useful life, performance testing on a sampled population of components 
may be applied by the supplier, by the manufacturer, or by a third party. This is to ensure that 
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the component meets performance specifications over the range of intended environments at 
this initial time. Reliability testing, on the other hand, is applied to ensure that the component 
meets performance specifications for at least a specified minimum useful lifetime or specified 
maximum failure rate. These tests are usually carried out by utilising the performance testing, 
but increasing its duration and severity, in order to accelerate the failure mechanisms. 

A reliability theory relates component reliability testing to component parameters and to 
lifetime or failure rate under testing. The theory then extrapolates these to lifetime or failure 
rate under less stressful service conditions. The reliability specifications include values of the 
component parameters needed to ensure the specified minimum lifetime or maximum failure 
rate in service. 

4.3.4 Interlinking 

Standards currently under preparation are given in Figure 7. A large number of the test and 
measurements standards already exist, and quality assurance qualification approval 
standards have existed for many years. 

With regard to interface, performance and reliability standards, once all these three standards 
are in place, the matrix given in Table 3 demonstrates some of the other options available for 
product standardisation. 

Product A is fully IEC standardised, having a standard interface and meeting defined 
performance and reliability standards. 

Product B is a product with a proprietary interface but which meets a defined IEC performance 
standard and a reliability standard. 

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

Product D is a product which complies with both an IEC standard interface and performance 
standard but does not meet any reliability requirements. 

Obviously the matrix is more complex than shown since there will be a number of interface, 
performance and reliability standards which will be able to be cross-related. In addition, the 
products may all be subjected to a recognized quality assurance programme including 
qualification approval, capability approval and technology approval (as Table 4 attempts to 
demonstrate), or even under a national or company quality assurance system. 

BS EN 61977:2015



 – 20 – IEC 61977:2015  IEC 2015 

 

Figure 7 – Standards currently under preparation  

Table 3 – Standards interlink matrix 

 Interface standard Performance standard Reliability standard 

Product A YES YES YES 

Product B NO YES YES 

Product C YES NO NO 

Product D YES YES NO 

 

Table 4 – Quality assurance options 

 Company A Company B Company C 

 QAa CAb TAc QAa CAb TAc QAa CAb TAc 

Product A x   x     x 

Product B x    x    x 

Product C x    x    x 

Product D x     x   x 
a Qualification approval 
b Capability approval 
c Technology approval 

 

4.4 Design and construction 

4.4.1 Materials 

The devices shall be manufactured with materials which meet the requirements of the relevant 
specification. 
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When non-flammable materials are required, the requirements shall be specified in the 
relevant specification, and IEC 60695-11-5 shall be referenced. 

4.4.2 Workmanship 

Components and associated hardware shall be manufactured to a uniform quality and shall be 
free of sharp edges, burrs or other defects that would affect life, serviceability or appearance. 
Particular attention shall be given to neatness and thoroughness of marking, plating, soldering, 
bonding, etc. 

4.5 Performance requirements 

Filters shall meet the performance requirements specified in the relevant specification. 

4.6 Identification and marking 

4.6.1 General 

Components, associated hardware and shipping packages shall be permanently and legibly 
identified and marked when required by the relevant specification. 

4.6.2 Variant identification number 

Each variant in a relevant specification shall be assigned a variant identification number; this 
number shall be set out as follows: 

 
4.6.3 Component marking 

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

a) port identification; 
b) manufacturer's part number (including serial number, if applicable); 
c) manufacturer's identification mark or logo; 
d) manufacturing date; 
e) variant identification number; 
f) any additional marking required by the relevant 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. 

4.6.4 Package marking 

Several devices may be packaged together for shipment. 

Package marking, if required, shall be specified in the relevant specification. The preferred 
order of marking is: 

a) manufacturer's identification mark or logo;  

QC210101/US0001 Example 

Relevant specification number 

Variant number 

Assessment level 

A 001 
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b) manufacturer's part number;  
c) manufacturing date code (year/week, see ISO 8601);  
d) variant identification number(s) (see 4.6.2);  
e) the assessment level;  
f) the type designations (see 4.1.2);  
g) environmental category; 
h) any additional marking required by the relevant specification.  

When applicable, individual unit packages (within the sealed package) shall be marked with 
the reference number of the certified record of released lots, the manufacturer's factory 
identity code and the component identification. 

4.7 Packaging 

Packages shall include instructions for use when required by the specification (see 4.2.6). 

4.8 Storage conditions 

Where short-term degradable materials, such as adhesives, are supplied with the package, 
the manufacturer shall mark these with the expiry date (year and week numbers, see 
ISO 8601) together with any requirements or precautions concerning safety hazards or 
environmental conditions for storage. 

4.9 Safety 

Optical filters, 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. 

The optical filter manufacturers shall provide 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: 

WARNING NOTE 

Care should be taken when handling small diameter fibre 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 energy output level. 

Reference shall be made to the IEC 60825 series, the relevant document on safety. 
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Annex A 
(informative) 

 
Example of etalon filter technology 

A.1 Operating principle of etalon filter  

An etalon can be considered as an optical resonator. It consists of a transparent plane-
parallel plate with two reflecting surfaces, or two parallel highly reflecting mirrors. The varying 
transmission function of an etalon is caused by interference between the multiple reflections 
of light between the two reflecting surfaces (see Figure A.1). 

The reflected beam depends on the wavelength (λ) of the light, the angle of incidence (θ), the 
thickness of the etalon (d) and the refractive index of the material between the reflecting 
surfaces (n). 

If both surfaces have a reflection coefficient R, the transmission function of the etalon is given 
by: 
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where δ is the phase delay between two partial waves:  
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Figure A.1 – Schematic diagram of an etalon 

A.2 Transmission characteristics of etalon filter  

The wavelength separation between adjacent transmission peaks is shown in Figure A.2. 
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Figure A.2 – Transmission characteristic of an etalon 

It is called the free spectral range (FSR), and is given by: 

F
FSRFWHM =  

where F is the finesse and is given by: 
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Etalons with high finesse show sharper transmission peaks with lower minimum transmission 
coefficients. The peaks can be shifted by rotating the etalon with respect to the beam, due to 
the angle dependence of the transmission. 
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Annex B 
(informative) 

 
Example of fibre Bragg grating (FBG) filter technology 

B.1 Operating principle of FBG 

An FBG has a periodic variation to the refractive index of the fibre core, as shown in 
Figure B.1, and the periodic variation to the refractive index generates a wavelength specific 
mirror. Therefore, an FBG can be used as an optical filter or as a wavelength-specific reflector.  

 

Figure B.1 – Technology of a fibre Bragg grating 

The fundamental principle of an FBG, is Bragg reflection. The refractive index is assumed to 
have a periodic variation over a defined length. The reflected wavelength (λB), called the 
Bragg wavelength, is defined by the relationship, 

Λλ nB 2=  

where  
n  is the average refractive index of the grating; 
Λ  is the period of the variation of the refractive index.  

The bandwidth (Δλ), is given by, 
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where  
δn0  is the variation in the refractive index; 
η  is the fraction of power in the core. 

The peak reflection (PB(λB)) is approximately given by, 
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where N is the number of periodic variations.  

B.2 Example of usage of an FBG 

A fibre Bragg grating (FBG) can reflect particular wavelengths of light and transmit other 
wavelengths. It is used with an optical circulator in order to pick up reflected particular 
wavelengths as an optical add/drop module, as shown in Figure B.2. 
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Figure B.2 – Application of an optical add/drop module 

The second application shown in Figure B.3 is an optical time domain reflectometer (OTDR) 
sensor. 

  

Figure B.3 – Application of an OTDR sensor 

The third application is the wavelength stabilizer for a 980 nm pump LD, as shown in 
Figure B.4. 

 

Figure B.4 – Application of the wavelength stabilizer for a 980 nm pump LD 
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Annex C 
(informative) 

 
Example of thin film filter technology 

C.1 Example of thin film filter technology 

The fundamental structure of a thin-film filter is based on the Fabry-Perot etalon, which acts 
as a band-pass filter. A signal at the passband wavelength passes through the filter, and 
other wavelengths are reflected with a high reflectivity. The centre wavelength of the 
passband is determined by the cavity length of the filter. 

Multilayer thin-film filters are known as wavelength selective optical filters. A structure of 
multiplayer thin-film filters is that alternating layers of an optical coating are built up on a 
glass substrate. By controlling the thickness and number of the layers, the wavelength of the 
passband of the filter can be tuned and made as wide or narrow as desired (see Figure C.1). 

 

Figure C.1 – Structure of a multilayer thin-film 
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C.2 Example of application of thin film filters 

Figure C.2 and Figure C.3 show the applications of a GFF for an optical fibre amplifier and a 
BPF for an optical fibre amplifier, respectively. 
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Figure C.2 – Application for a GFF for an optical fibre amplifier 

 

Figure C.3 – Application for a BPF for an optical fibre amplifier 

  

EDF 

Isolator 

Tap coupler 

Pump LD (λ 980 nm) 
PD 

GFF 

Isolator WDM Signal input 
(C-band) Signal output 

 
 

  

 

  

  

  

IEC 

 

 

 

  

 

  

  

  

Pump LD (λ 1480 nm) 

Tap coupler  

WDM  

Isolator 

Signal input Signal output 

PD 

   

 
    

  

LWPF 

BPF 

BPF 

IEC 

BS EN 61977:2015



IEC 61977:2015  IEC 2015 – 29 –  

Bibliography 

IEC 60068 (all parts), Environmental testing 

IEC 61754 (all parts), Fibre optic interconnecting devices and passive components – Fibre 
optic connector interfaces 

IEC 61978-1, Fibre optic interconnecting devices and passive components – Fibre optic 
passive chromatic dispersion compensators – Part 1: Generic specification 

IEC 62005 (all parts), Reliability of fibre optic interconnecting devices and passive 
components 

 

___________ 

BS EN 61977:2015

http://dx.doi.org/10.3403/02177286U


This page deliberately left blank



This page deliberately left blank



BSI is the national body responsible for preparing British Standards and other 
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization 
products are published by BSI Standards Limited.

British Standards Institution (BSI)

BSI Group Headquarters

389 Chiswick High Road London W4 4AL UK

About us
We bring together business, industry, government, consumers, innovators 
and others to shape their combined experience and expertise into standards 
-based solutions.

The knowledge embodied in our standards has been carefully assembled in 
a dependable format and refined through our open consultation process. 
Organizations of all sizes and across all sectors choose standards to help 
them achieve their goals.

Information on standards
We can provide you with the knowledge that your organization needs 
to succeed. Find out more about British Standards by visiting our website at 
bsigroup.com/standards or contacting our Customer Services team or 
Knowledge Centre.

Buying standards
You can buy and download PDF versions of BSI publications, including British 
and adopted European and international standards, through our website at 
bsigroup.com/shop, where hard copies can also be purchased. 

If you need international and foreign standards from other Standards Development 
Organizations, hard copies can be ordered from our Customer Services team.

Subscriptions
Our range of subscription services are designed to make using standards 
easier for you. For further information on our subscription products go to 
bsigroup.com/subscriptions.

With British Standards Online (BSOL) you’ll have instant access to over 55,000 
British and adopted European and international standards from your desktop. 
It’s available 24/7 and is refreshed daily so you’ll always be up to date. 

You can keep in touch with standards developments and receive substantial 
discounts on the purchase price of standards, both in single copy and subscription 
format, by becoming a BSI Subscribing Member. 

PLUS is an updating service exclusive to BSI Subscribing Members. You will 
automatically receive the latest hard copy of your standards when they’re 
revised or replaced. 

To find out more about becoming a BSI Subscribing Member and the benefits 
of membership, please visit bsigroup.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards 
publications on your intranet. Licences can cover as few or as many users as you 
wish. With updates supplied as soon as they’re available, you can be sure your 
documentation is current. For further information, email bsmusales@bsigroup.com.

Revisions
Our British Standards and other publications are updated by amendment or revision. 

We continually improve the quality of our products and services to benefit your 
business. If you find an inaccuracy or ambiguity within a British Standard or other 
BSI publication please inform the Knowledge Centre.

Copyright
All the data, software and documentation set out in all British Standards and 
other BSI publications are the property of and copyrighted by BSI, or some person 
or entity that owns copyright in the information used (such as the international 
standardization bodies) and has formally licensed such information to BSI for 
commercial publication and use. Except as permitted under the Copyright, Designs 
and Patents Act 1988 no extract may be reproduced, stored in a retrieval system 
or transmitted in any form or by any means – electronic, photocopying, recording 
or otherwise – without prior written permission from BSI. Details and advice can 
be obtained from the Copyright & Licensing Department.

Useful Contacts:
Customer Services
Tel: +44 845 086 9001
Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 845 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

www.bsigroup.com/standards
www.bsigroup.com/shop
www.bsigroup.com/shop
www.bsigroup.com/subscriptions

	EN61977{2015}e.pdf
	European foreword
	Endorsement notice
	Annex ZA (normative)  Normative references to international publications with their corresponding European publications

	30304197-VOR.pdf
	English 
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	3.1 Basic terms 
	3.2 Component terms
	3.3 Performance terms

	4 Requirements
	4.1 Classification
	4.1.1 General
	4.1.2 Type
	4.1.3 Style
	4.1.4 Variant
	4.1.5 Normative reference extensions

	4.2 Documentation
	4.2.1 Symbols
	4.2.2 Specification system
	4.2.3 Drawings
	4.2.4 Test and measurements
	4.2.5 Test report
	4.2.6 Instructions for use

	4.3 Standardisation system
	4.3.1 Interface standards
	4.3.2 Performance standards
	4.3.3 Reliability standards
	4.3.4 Interlinking

	4.4 Design and construction
	4.4.1 Materials
	4.4.2 Workmanship

	4.5 Performance requirements
	4.6 Identification and marking
	4.6.1 General
	4.6.2 Variant identification number
	4.6.3 Component marking
	4.6.4 Package marking

	4.7 Packaging
	4.8 Storage conditions
	4.9 Safety

	Annex A (informative) Example of etalon filter technology
	A.1 Operating principle of etalon filter 
	A.2 Transmission characteristics of etalon filter 

	Annex B (informative) Example of fibre Bragg grating (FBG) filter technology
	B.1 Operating principle of FBG
	B.2 Example of usage of an FBG

	Annex C (informative) Example of thin film filter technology
	C.1 Example of thin film filter technology
	C.2 Example of application of thin film filters

	Bibliography
	Figures 
	Figure 1 – Illustration of passband ripple
	Figure 2 – Illustration of a stopband
	Figure 3 – Illustration of maximum insertion loss within a passband
	Figure 4 – Illustration of minimum insertion loss within a passband
	Figure 5 – Illustration of X dB bandwidth
	Figure 6 – Optic filter style configurations
	Figure 7 – Standards currently under preparation 
	Figure A.1 – Schematic diagram of an etalon
	Figure A.2 – Transmission characteristic of an etalon
	Figure€B.1 – Technology of a fibre Bragg grating
	Figure B.2 – Application of an optical add/drop module
	Figure B.3 – Application of an OTDR sensor
	Figure€B.4 – Application of the wavelength stabilizer for a 980 nm pump LD
	Figure C.1 – Structure of a multilayer thin-film
	Figure C.2 – Application for a GFF for an optical fibre amplifier
	Figure C.3 – Application for a BPF for an optical fibre amplifier

	Tables 
	Table 1 – Example of a typical filter classification
	Table 2 – The IEC specification structure
	Table 3 – Standards interlink matrix
	Table 4 – Quality assurance options


	Français 
	SOMMAIRE
	AVANT-PROPOS
	1 Domaine d'application
	2 Références normatives
	3 Termes et définitions
	3.1 Termes fondamentaux
	3.2 Termes relatifs aux composants
	3.3 Termes concernant les performances

	4 Exigences
	4.1 Classification
	4.1.1 Généralités
	4.1.2 Type
	4.1.3 Modèle
	4.1.4 Variante
	4.1.5 Extensions de références normatives

	4.2 Documentation
	4.2.1 Symboles
	4.2.2 Structure de spécifications
	4.2.3 Plans
	4.2.4 Essais et mesures
	4.2.5 Rapport d'essai
	4.2.6 Instructions d’utilisation

	4.3 Système de normalisation
	4.3.1 Normes d’interface
	4.3.2 Normes de performance
	4.3.3 Normes de fiabilité
	4.3.4 Interdépendance (des normes)

	4.4 Conception et fabrication
	4.4.1 Matériaux
	4.4.2 Exécution

	4.5 Exigences de performance
	4.6 Identification et marquage
	4.6.1 Généralités
	4.6.2 Numéro d’identification de la variante
	4.6.3 Marquage des composants
	4.6.4 Marquage de l’emballage

	4.7 Emballage
	4.8 Conditions de stockage
	4.9 Sécurité

	Annexe A (informative) Exemple de technologie des filtres étalons
	A.1 Principe de fonctionnement du filtre étalon 
	A.2 Caractéristiques de transmission du filtre étalon 

	Annexe B (informative) Exemple de technologie du filtre à réseau de Bragg sur fibre (FBG)
	B.1 Principe de fonctionnement du FBG
	B.2 Exemple d'utilisation d'un FBG

	Annexe C (informative) Exemple de technologie des filtres en couche mince
	C.1 Exemple de technologie des filtres en couche mince
	C.2 Exemple d'application des filtres en couche mince

	Bibliographie
	Figures 
	Figure 1 – Illustration de l'ondulation de la bande passante
	Figure 2 – Illustration d'une bande d’arrêt
	Figure 3 – Illustration de la perte d’insertion maximale à l’intérieur d'une bande passante
	Figure 4 – Illustration de la perte d’insertion maximale à l’intérieur d'une bande passante
	Figure 5 – Illustration de la largeur de bande X dB
	Figure 6 – Configurations des modèles de filtres optiques
	Figure 7 – Normes actuellement en cours d’élaboration 
	Figure A.1 – Représentation schématique d'un étalon
	Figure A.2 – Caractéristique de transmission d'un étalon
	Figure B.1 – Technologie du réseau de Bragg sur fibre
	Figure B.2 – Application d'un module d'ajout/suppression de composante optique
	Figure B.3 – Application d'un capteur de type OTDR
	Figure B.4 – Application du stabilisateur de longueur d’onde pour une diode laser pompée à 980 nm
	Figure C.1 – Structure d'une couche mince multicouche
	Figure C.2 – Application d'un GFF pour un amplificateur à fibres optiques
	Figure C.3 – Application d'un BPF pour un amplificateur à fibres optiques

	Tables 
	Tableau 1 – Exemple de classification typique de filtres 
	Tableau 2 – Structure des spécifications de l'IEC
	Tableau 3 – Matrice d'interdépendance des normes
	Tableau 4 – Options d'assurance de la qualité





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




