
 

IEC/TR 62627-03-02 
Edition 1.0 2011-12 

TECHNICAL 
REPORT 
 
 

Fibre optic interconnecting devices and passive components –  
Part 03-02: Reliability – Report of high power transmission test of specified 
passive optical components 
 
 

IE
C

/T
R

 6
26

27
-0

3-
02

:2
01

1(
E

) 

® 
 

  
  

 

colour
inside

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC TR 62627-03-02:2011
https://standards.iteh.ai/catalog/standards/sist/cb726d44-2752-4f63-9ad0-

ad0da2316613/iec-tr-62627-03-02-2011



 

 
  

 THIS PUBLICATION IS COPYRIGHT PROTECTED 
 Copyright © 2011 IEC, Geneva, Switzerland  
 
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by 
any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from either IEC or 
IEC's member National Committee in the country of the requester. 
If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication, 
please contact the address below or your local IEC member National Committee for further information. 
 
Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut être reproduite 
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie 
et les microfilms, sans l'accord écrit de la CEI ou du Comité national de la CEI du pays du demandeur.  
Si vous avez des questions sur le copyright de la CEI ou si vous désirez obtenir des droits supplémentaires sur cette 
publication, utilisez les coordonnées ci-après ou contactez le Comité national de la CEI de votre pays de résidence. 
 

IEC Central Office 
3, rue de Varembé 
CH-1211 Geneva 20 
Switzerland 
Email: inmail@iec.ch 
Web: www.iec.ch 

 

About IEC publications 
The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the 
latest edition, a corrigenda or an amendment might have been published. 
 Catalogue of IEC publications: www.iec.ch/searchpub 
The IEC on-line Catalogue enables you to search by a variety of criteria (reference number, text, technical committee,…). 
It also gives information on projects, withdrawn and replaced publications.  
 IEC Just Published: www.iec.ch/online_news/justpub 
Stay up to date on all new IEC publications. Just Published details twice a month all new publications released. Available 
on-line and also by email. 
 Electropedia: www.electropedia.org 
The world's leading online dictionary of electronic and electrical terms containing more than 20 000 terms and definitions 
in English and French, with equivalent terms in additional languages. Also known as the International Electrotechnical 
Vocabulary online.  
 Customer Service Centre: www.iec.ch/webstore/custserv 
If you wish to give us your feedback on this publication or need further assistance, please visit the Customer Service 
Centre FAQ or contact us: 
Email: csc@iec.ch 
Tel.: +41 22 919 02 11 
Fax: +41 22 919 03 00 

 

 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC TR 62627-03-02:2011
https://standards.iteh.ai/catalog/standards/sist/cb726d44-2752-4f63-9ad0-

ad0da2316613/iec-tr-62627-03-02-2011



 

 

IEC/TR 62627-03-02 
Edition 1.0 2011-12 

TECHNICAL 
REPORT 
 

Fibre optic interconnecting devices and passive components –  
Part 03-02: Reliability – Report of high power transmission test of specified 
passive optical components 
 
 

INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION U 
ICS 33.180.20 

PRICE CODE 

ISBN 978-2-88912-825-9 
 

® Registered trademark of the International Electrotechnical Commission 

® 
 

  
  

 

colour
inside

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC TR 62627-03-02:2011
https://standards.iteh.ai/catalog/standards/sist/cb726d44-2752-4f63-9ad0-

ad0da2316613/iec-tr-62627-03-02-2011



 – 2 – TR 62627-03-02 © IEC:2011(E) 

CONTENTS 

FOREWORD ........................................................................................................................... 4 
INTRODUCTION ..................................................................................................................... 6 
1 Scope ............................................................................................................................... 7 
2 Samples for transmission test ........................................................................................... 7 
3 High power damage threshold test.................................................................................... 8 

3.1 Test conditions ........................................................................................................ 8 
3.2 Apparatus and measurement conditions .................................................................. 8 
3.3 Test results ............................................................................................................. 9 
3.4 Ferrule endfaces of the attenuators ....................................................................... 12 
3.5 Change of characteristics in the backward direction incidence for optical 

isolators ................................................................................................................ 13 
4 Thermal simulation of passive optical components ......................................................... 16 

4.1 Thermal simulation in the high power light ............................................................. 16 
4.1.1 General ..................................................................................................... 16 
4.1.2 Fixed optical attenuator ............................................................................. 16 
4.1.3 Optical isolator .......................................................................................... 18 
4.1.4 Optical splitter ........................................................................................... 19 

4.2 Temperature rise simulation in the medium power light ......................................... 19 
5 Long-term test of high power light................................................................................... 21 
6 Assumption of failure mode ............................................................................................ 24 
7 Conclusion ..................................................................................................................... 25 

7.1 General ................................................................................................................. 25 
7.2 Fixed optical attenuator ......................................................................................... 25 
7.3 Optical isolator ...................................................................................................... 25 
7.4 Optical splitter ....................................................................................................... 25 
7.5 Conclusion ............................................................................................................ 25 

Bibliography .......................................................................................................................... 26 
 
Figure 1 – Measurement setup................................................................................................ 9 
Figure 2 – Results for high power transmission test of 10 dB attenuator ............................... 11 
Figure 3 – Pictures of ferrule endfaces in  the input side of 30 dB attenuator ........................ 13 
Figure 4 – High power test result for backward  direction for optical isolator (example) ......... 15 
Figure 5 – Measurement result for the ferrule point  of reflection in the optical isolator ......... 15 
Figure 6 – Thermal distribution of fixed optical attenuator by thermal simulation (10 dB 
attenuator, input power: 1 W) ................................................................................................ 16 
Figure 7 – Maximum internal temperature of fixed optical attenuator by thermal 
simulation (input power: 1 W) ................................................................................................ 17 
Figure 8 – Thermal simulation of fixed optical attenuator (input power: 2 W) ......................... 18 
Figure 9 – Thermal simulation of optical isolator (forward direction, input power: 5 W) .......... 18 
Figure 10 – Maximum internal temperature of optical splitter by thermal simulation 
(forward direction, input power: 5 W) .................................................................................... 19 
Figure 11 – Ambient temperature dependency of maximum temperature  in the thermal 
simulation of fixed optical attenuator ..................................................................................... 20 
Figure 12 – Relationship between input light power and maximum  temperature in the 
thermal simulation of fixed optical attenuator ........................................................................ 20 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC TR 62627-03-02:2011
https://standards.iteh.ai/catalog/standards/sist/cb726d44-2752-4f63-9ad0-

ad0da2316613/iec-tr-62627-03-02-2011



TR 62627-03-02 © IEC:2011(E) – 3 – 

Figure 13 – Change of IL and RL of fixed optical attenuator .................................................. 22 
Figure 14 – Change of IL and RL of optical isolator ............................................................... 22 
Figure 15 – Change of IL and RL of optical splitter................................................................ 23 
 
Table 1 – Specifications of the passive optical components  use for the high power 
damage threshold test ............................................................................................................ 7 
Table 2 – Manufacturer names and product codes of samples ................................................ 7 
Table 3 – Test details ............................................................................................................. 8 
Table 4 – Measurement requirements ..................................................................................... 8 
Table 5 – Measurement conditions in the test ......................................................................... 9 
Table 6 – Results of high power damage threshold test ........................................................ 10 
Table 7 – Characteristics changes before and after the test .................................................. 12 
Table 8 – Fibre protrusion and withdrawal in the fixed  optical attenuator before and 
after the high power test ....................................................................................................... 12 
Table 9 – Test result in the backward direction ..................................................................... 14 
Table 10 – Conditions of optical attenuator for simulation ..................................................... 19 
Table 11 – Conditions of long-term test ................................................................................. 21 
Table 12 – Measurement result of optical characteristics and protrusion before and 
after the test of fixed optical attenuator ................................................................................. 23 
Table 13 – Measurement result of optical characteristics  before and after the test of 
optical isolator ...................................................................................................................... 23 
Table 14 – Measurement result of optical characteristics  before and after the test of 
optical splitter ....................................................................................................................... 24 

 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC TR 62627-03-02:2011
https://standards.iteh.ai/catalog/standards/sist/cb726d44-2752-4f63-9ad0-

ad0da2316613/iec-tr-62627-03-02-2011



 – 4 – TR 62627-03-02 © IEC:2011(E) 

INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
FIBRE OPTIC INTERCONNECTING DEVICES  

AND PASSIVE COMPONENTS –  
 

Part 03-02: Reliability –  
Report of high power transmission  

test of specified passive optical components 
 
 

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. 

The main task of IEC technical committees is to prepare International Standards. However, a 
technical committee may propose the publication of a technical report when it has collected 
data of a different kind from that which is normally published as an International Standard, for 
example "state of the art". 

IEC 62627-03-02, which is a technical report, has been prepared by subcommittee 86B: Fibre 
optic interconnecting devices and passive components, of IEC technical committee 86: Fibre 
optics. 
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The text of this technical report is based on the following documents: 

Enquiry draft Report on voting 

86B/3228/DTR 86B/3277/RVC 

 

Full information on the voting for the approval of this technical report 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 web site 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. 

A bilingual version of this publication may be issued at a later date. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 
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INTRODUCTION 

Optical transmission power has increased in recent years due to the growing demands for 
ultra-long haul transmission systems and more applications of fibre optic amplifiers for cable 
television broadcasting systems. In view of these advances, concerns arise about optical 
fibres, fibre optic connectors and passive optical components installed in fibre optic 
communication systems due to the fact that these components may harm human beings due 
to a leakage of high-power light and the possibility of fire caused by melting and damage of 
these components. However, mechanisms, conditions, and factors that cause such accidents 
have not yet been clearly identified. Furthermore, industry standards on the reliability and 
long-term evaluation of optical components do not include testing with high optical power. 

This technical report is based on the Optoelectronic Industry and Technology Development 
Association (OITDA) – Technical Paper (TP), TP04/SP_PD-2008, "Technical paper of 
investigation of high-power reliability for passive optical components for optical 
communication application". 
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FIBRE OPTIC INTERCONNECTING DEVICES  
AND PASSIVE COMPONENTS –  

 
Part 03-02: Reliability –  

Report of high power transmission  
test of specified passive optical components 

 
 
 

1 Scope 

This part of IEC 62627 describes test data relating to high power damage of fixed optical 
attenuators, optical isolators and optical splitters (non-wavelength selective branching 
devices). It also describes the test of thermal simulation and failure mechanism analysis for 
the above passive optical components on high power transmission. 

2 Samples for transmission test  

Fixed optical attenuators, optical isolators and optical splitters (non-wavelength selective 
branching devices) were selected for the high power test, as these passive optical 
components are widely used for fibre optic transmissions systems and it is highly possible 
that these are used under high power conditions. Table 1 shows the specifications of the 
samples and Table 2 shows the manufacturer names and product codes of samples. 

Table 1 – Specifications of the passive optical components  
use for the high power damage threshold test 

Samples Specifications 

Fixed optical attenuator  Plug-style fixed attenuator (SC connector) 
Attenuation: 10 dB, 20 dB and 30 dB.   

Optical isolator 
(Polarization independent)  

Inline isolator (pigtail type), double stage. 

Optical splitter (non-wavelength selective 
branching device) 

Planar lightwave circuit (PLC) type,  
1 input, 8 output ports.  

 

Table 2 – Manufacturer names and product codes of samples 

Samples Manufacture names and product codes 

Fixed optical attenuator  Showa Cable Systems Co., LTD., 

KSCAT10SL (10 dB attenuation), KSCAT20SL (20 dB attenuation) and 
KSCAT30D (30 dB attenuation) 

Seikoh-Giken Co., Ltd.,  

FA115-10-HP5 (10 dB attenuation) and FA115-20-HP5 (20 dB attenuation) 

Optical isolator  FDK Corporation, YD-4600-1-155S 
NEC TOKIN Corporation, IL-1550IW5038EC-011 

Optical splitter  Furukawa Electric Co. Ltd., PS202-1x8-N 
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3 High power damage threshold test  

3.1 Test conditions 

Test details and measuring performances are shown in Tables 3 and 4, respectively. A step 
stress test was adopted in which incident power level rose step by step. Duration time was 
five minutes per each power level, considering the stabilization time of the temperature of the 
tested passive optical components. Furthermore, the tested temperature was set at 70 °C 
according to IEC 61300-2-14:2005. The insertion loss (IL) and return loss (RL) changes and 
the outer surface temperature of components were monitored, assuming that the high optical 
power absorbed by the passive optical component converts into heat.  

Table 3 – Test details 

Items Details 

Input wavelength 1 480 nm (Raman laser)  

Input power Maximum 4,4 W (forward direction test) and 5 W (backward direction test)  

Test method Step stress test in which incident power level rises step by step 

Duration Five minutes per each power level 

Ambient test temperature 70 °C   

 

Table 4 – Measurement requirements 

Categories Measurement requirements  

Online monitoring IL (1 480 nm), RL (1 480 nm) and outer surface temperature of passive optical 
components 

Before and after the test  IL, RL,  
Polarisation dependent loss (PDL) for optical splitters and optical isolators 
and Isolation for optical isolators  

 

For the measurements, an input light with a wavelength of 1 480 nm was used that is different 
from the signal wavelength. The reasons for the use of 1 480 nm are as follows: 

a) High-power light sources with several watt levels are readily available at this wavelength;  
b) There is no difference in absorption coefficient of metal doped fibres that are used for 

optical attenuators with wavelengths from 1 480 nm to 1 550 nm;  
c) Various wavelengths (such as signal light, remaining excitation light, amplified 

spontaneous emission light) enter the optical isolator. Among them, the optical power of 
the excitation wavelength of 1 480 nm by an optical amplifier is stronger. The absorption 
coefficient of Faraday rotator at a wavelength of 1 480 nm is approximately 1 % higher 
than that at a 1 550 nm wavelength. Additionally, the dependency on temperature by the 
rotation angle of Faraday rotator is from 0,07 °C to 0,1 °C. The loss of wavelength of 
1 480 nm in the forward direction is slightly larger than that of wavelength of 1 550 nm. 
Therefore, when evaluating the high power light, it is more appropriate to use the 
wavelength of 1 480 nm;  

d) The absorption coefficient of adhesive in the connecting points between the optical fibre 
and the waveguide in the optical splitter does not have a wavelength dependency. 
Moreover, in the light going through the optical splitter, the light energy is stronger in the 
remaining excitation light wavelength of 1 480 nm.  

3.2 Apparatus and measurement conditions 

The measurement setup was based on the conditions specified in IEC 61300-2-14:2005. The 
setup is shown in Figure 1 and Figure 2. A RL monitoring coupler and an optical power meter 
were added to IEC 61300-2-14:2005. Two 2 × 2 20 dB optical couplers were used for high 
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power monitoring at both the input terminal and the output terminal of the device under test 
(DUT).  

 

High power 
Light source 

Monitor PM3 

20 dB 
coupler 

Monitor PM1 

20 dB 
coupler 

DUT 

Chamber 
 with thermometor 

Monitor PM2 

 Personal 
Computer 

Metal doped fiber 

Temperature: 70 °C 

GPIB connection 

SMF: single mode fiber (ITU-TG.652.D) 

SMF 
SMF 

SMF SMF SMF 
SMF 

SMF 
SMF SMF 

SMF 

Splice point Splice point 

IEC   2633/11 

 

Figure 1 – Measurement setup  

Table 5 shows the measuring conditions for the test. IL, PDL and isolation were measured 
using the signal wavelength of each device. RL was measured using the RL measuring 
instrument (the built-in wavelength of the light source is 1 310 nm) after the test. Due to their 
designs the DUTs used in this test do not have any RL wavelength dependency. 

Table 5 – Measurement conditions in the test 

Measurement Samples Measurement 
performances  

Measurement Wavelengths 

Optical Attenuators IL (dB) 1 550 nm 

RL (dB) 1 310 nm 

Optical Isolators IL (dB) 1 550 nm 

PDL (dB) 1 550 nm 

Isolation (dB) 1 550 nm 

RL (dB) 1 310 nm 

Optical Splitters IL (dB) 1 310 nm 

PDL (dB) 1 310 nm 

RL (dB) 1 310 nm 

 

3.3 Test results 

Table 6 shows the test results. In the optical isolators and the optical splitters, the outer 
surface temperature became stable after four minutes. No correlation was found between the 
attenuation of fixed optical attenuator and the incident light power at the RL reduction. 
However, in all the fixed optical attenuators, the change in return power was more than 10 dB. 
The RL of one optical isolator was observed to decrease in the return direction at an input 
power of 5 W. The backward direction test result of optical isolators is explained in 3.5. No 
damage to optical splitters was observed until an incident power of 4,4 W for forward direction 
and 5 W for backward direction was reached. 
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Table 6 – Results of high power damage threshold test  

Components Directions Numbers 
of samples 

Surface 
Temperatures 

Duration 
times for 
surface 

temperature 
stability 

Results 

10 dB 
Attenuators 

Plug to 
socket 

6 89 °C > 5 min RL reduction at 
1,4 to 2,3 W (All 
samples). 

20 dB 
Attenuators 

Plug to 
socket 

3 85 °C > 5 min RL reduction at 
1,7 to 1,9 W (All 
samples). 

30 dB 
Attenuators 

Plug to 
socket 

2 75 °C > 5 min RL reduction at 
1,4 to 1,6 W (All 
samples). 

Optical Isolators Forward 5 86 °C 4 min No failure by 4,4 
W. 

Backward 4 174 °C 4 min RL reduction at 5 
W (One sample). 

Optical Splitters Forward 3 87 °C 4 min No failure by 4,4 
W. 

Backward 3 158 °C 4 min No failure by 5 W. 

 

Figures 2(a), (b) and (c) show the test results of 10 dB attenuator. In Figure 3(a), when the 
incident power was 2,3 W, the return power significantly changed. At that power, the surface 
temperature was 89 °C (see Figure 2(b)). The change of IL was within ± 0,5 dB (see 
Figure 2(c)).  
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Figure 2(a) – PM3 monitor output for the measurement of RL 
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