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INTERNATIONAL ELECTROTECHNICAL COMMISSION 30 

____________ 31 

 32 

FIBRE OPTIC INTERCONNECTING DEVICES AND PASSIVE COMPONENTS –  33 

CONNECTOR OPTICAL INTERFACES FOR SINGLE-MODE FIBRES – 34 

 35 

Part 2-1: Connection parameters of dispersion unshifted physically 36 

contacting fibres – non-angled  37 

 38 

FOREWORD 39 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 40 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 41 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 42 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 43 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 44 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 45 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 46 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 47 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 48 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 49 
consensus of opinion on the relevant subjects since each technical committee has representation from all 50 
interested IEC National Committees.  51 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 52 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 53 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 54 
misinterpretation by any end user. 55 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 56 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 57 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 58 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 59 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 60 
services carried out by independent certification bodies. 61 

6) All users should ensure that they have the latest edition of this publication. 62 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 63 
members of its technical committees and IEC National Committees for any personal injury, property damage or 64 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 65 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.  66 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 67 
indispensable for the correct application of this publication. 68 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 69 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 70 

International Standard IEC 61755-2-1 has been prepared by subcommittee 86B. Fibre optic 71 
interconnecting devices and passive components, of IEC technical committee 86: Fibre optics. 72 

This second edition cancels and replaces the first edition published in 2006. It constitutes a 73 
technical revision. The changes with respect to the previous edition are, 74 

– add normative references and visual requirement tables 75 

– reconsider the whole parts of the text to avoid misuse of the standard 76 

The text of this International Standard is based on the following documents: 77 

FDIS Report on voting 

XX/XX/FDIS XX/XX/RVD 

 78 
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Full information on the voting for the approval of this International Standard can be found in the 79 
report on voting indicated in the above table. 80 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 81 

The committee has decided that the contents of this document will remain unchanged until the 82 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 83 
the specific document. At this date, the document will be  84 

• reconfirmed, 85 

• withdrawn, 86 

• replaced by a revised edition, or 87 

• amended. 88 

 89 

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. 

 90 
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FIBRE OPTIC INTERCONNECTING DEVICES AND PASSIVE COMPONENTS – 91 
CONNECTOR OPTICAL INTERFACES FOR SINGLE-MODE FIBRES – 92 

 93 

Part 2-1: Connection parameters of dispersion unshifted physically contacting 94 
fibres – non-angled 95 

 96 

 97 

1 Scope 98 

This part of IEC 61755 defines a set of prescribed conditions for a single-mode fibre optic 99 
connection that is maintained in order to satisfy the requirements of attenuation and return loss 100 
(RL) performance in a randomly mated pair of non-angled polished physically contacting (PC) 101 
fibres. The model uses a Gaussian distribution of light intensity over the specified mode field 102 
diameter (MFD) for determination of attenuation performance grades, based on MFD mismatch 103 
and the amount of lateral and angular fibre core offsets. Attenuation and RL performance grades 104 
are defined in IEC 61755-1. 105 

2 Normative references 106 

The following documents are referred to in the text in such a way that some or all of their content 107 
constitutes requirements of this document. For dated references, only the edition cited applies. 108 
For undated references, the latest edition of the referenced document (including any 109 
amendments) applies. 110 

IEC 60793-2-50, Optical fibres – Part 2-50: Product specifications – Sectional specification for 111 
class B single-mode fibres 112 

IEC 61300-3-6, Fibre optic interconnecting devices and passive components − Basic test and 113 
measurement procedures − Part 3-6: Examinations and measurements − Return loss 114 

IEC 61300-3-34, Fibre optic interconnecting devices and passive components − Basic test and 115 
measurement procedures − Part 3-34: Examinations and measurements − Attenuation of 116 
random mated connectors 117 

IEC 61300-3-35, Fibre optic interconnecting devices and passive components – Basic test and 118 
measurement procedures – Part 3-35: Examinations and measurements – Visual inspection of 119 
fibre optic connectors and fibre-stub transceivers 120 

IEC 61300-3-45, Fibre optic interconnecting devices and passive components – Basic test and 121 
measurement procedures – Part 3-45: Examinations and measurements – Attenuation of 122 
random mated multi-fibre connectors 123 

IEC 61755-1, Fibre optic interconnecting devices and passive components – Fibre optic 124 
connector optical interfaces – Part 1: Optical interfaces for single-mode, non-dispersion shifted 125 
fibres – General and guidance 126 

IEC 61755-2-2, Fibre optic interconnecting devices and passive components – Connector 127 
optical interfaces – Part 2-2: Connection of dispersion unshifted single-mode angled physically 128 
contacting (APC) fibres 129 
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3 Terms and definitions 130 

For the purposes of this document, the terms and definitions given in IEC 61755-1 and the 131 
following apply.  132 

ISO and IEC maintain terminological databases for use in standardization at the following 133 
addresses:  134 

• IEC Electropedia: available at http://www.electropedia.org/ 135 

• ISO Online browsing platform: available at http://www.iso.org/obp 136 

3.1 137 
Defect size 138 
diameter of the smallest circle that can encompass the entire defect 139 

4 Attenuation and return loss grades   140 

As defined in IEC 61755-1, attenuation and return loss grades for PC polished connections are 141 
given in Tables 1 and 2. The return loss grades are for non-angled contacting fibres only. The 142 
grade for angled PC (APC) connections is given separately in IEC 61755-2-2. 143 

Table 1 – Single-mode random mate attenuation grades 144 

Attenuation grade Mean [dB]  Attenuation [dB] a  
≥ 97 % b Notes 

A   Reserved for future application 

B ≤ 0,12 ≤ 0,25  

C ≤ 0,25 ≤ 0,50  

D ≤ 0,50 ≤ 1,0  

a Attenuation shall be measured by IEC 61300-3-34 for single-fibre connectors and IEC 61300-3-45 for 
multi-fibre connectors. 

b The probability of a randomly mated connection set meeting the specified attenuation requirement will 
be ≥ 97 %. This performance is reached by means of a statistical distribution of connection parameters 
(MFD mismatch, lateral offset and angular offset) using a nominal value for wavelength of 1 310 nm. 

 145 

Table 2 – Single-mode return loss grades 146 

Return loss grade 
Return loss (mated) a 

[dB] 
Notes 

1 - 
Grade 1 is defined as > 60 dB and reserved 
for use with angled, physically contacting 
fibres as defined in IEC 61755-2-2. 

2 > 45  

3 > 35  

4 > 26  

a    The test shall be carried out according to IEC 61300-3-6. 

 147 

Single-mode attenuation and return loss grades are applicable for the wavelengths from 1 310 148 
nm to 1 625 nm. 149 
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5 Criteria for a fit within attenuation and return loss grades 150 

5.1 General 151 

The following figures and tables give the criteria for meeting the attenuation and return loss 152 
grades listed in Table 1 and Table 2. The parameters chosen for the criteria definition are based 153 
on the degree of significance by which they affect the performance under test. The criteria 154 
selected are based on the theoretical model in 5.2 and 5.3 as well as experimental results. 155 

5.2 Attenuation grades and criteria 156 

Using a Gaussian distribution for the incident light, the attenuation of the joint between two 157 
dispersion unshifted single-mode optical fibres defined by IEC 60793-2-50 category B is given 158 
by Formula (1). Attenuation is also referred to as insertion loss, or coupling efficiency of the 159 
fibres.  160 

The range of the nominal MFD and index of refraction (n0) of the fibre cores are given in Table 161 
3. 162 

Table 3 – MFD and fibre core nominal index of refraction  163 

Fibre Sub-Category Nominal wavelength 

[nm] 

Nominal MFD  
[µm] 

n0 (core) 

IEC 60793-2-50 fibres 1 310 8,6 to 9,2 1,452 0 

 164 

These attenuation grades are based on a statistical approach defining parameter values of 165 
connection populations to be less than or equal to the given value in 97 % of the connections. 166 
This performance is assumed at the nominal wavelength with fibre MFD in the range defined in 167 
IEC 60793-2-50 family specification for single-mode dispersion unshifted fibres category B. 168 

Populations of lateral and angular offset of the randomly mated connections are assumed to be 169 
statistically distributed within the specific ranges of parameter values d and θ  in Formula (1). 170 

Each curve given in Figure 1 represents maximum allowable combinations of lateral offset and 171 
angular offset so as not to exceed the specified attenuation of any single connection, without 172 
the contribution from fibre MFD mismatch. Additional attenuation due to mismatch of the MFD 173 
from the randomly selected fibres is included in Formula (1).  174 

Formula (1) is applicable to wavelengths from the range between 1 310 nm and 1 625 nm, using 175 
the parameters for these wavelengths. The curves in Figure 1 are only shown at 1 310 nm 176 
wavelength. 177 

 178 
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 179 
Figure 1 – Lateral offset and angular offset versus attenuation, ηcombined, for single-mode 180 

fibre with 8,9 µm MFD at 1 310 nm 181 

 182 
Attenuation ηcombined  is expressed in Formula (1) below:  183 

𝜂𝜂combined = −10 log10 �
(2𝜔𝜔2𝜔𝜔1)2

(𝜔𝜔22+𝜔𝜔12)2 exp � −2⋅𝑑𝑑2

𝜔𝜔22+𝜔𝜔12
− 2𝜋𝜋2 𝑛𝑛0

2

𝜆𝜆2
�𝜔𝜔2

2𝜔𝜔1
2�

(𝜔𝜔22+𝜔𝜔12) sin2(𝜃𝜃)��  (1) 184 

where  185 

d   is the total lateral offset between two fibres; 186 

θ   is the angular offset between fibre core axes; 187 

λ  is the wavelength of transmitted light in vacuum; 188 

n0  is the index of refraction of the fibre core; 189 

ω1  is the transmit fibre mode field radius; 190 

ω2  is the receive fibre mode field radius. 191 

5.3 Visual requirements for return loss grades 192 

Without considering any contamination or defect on the end face, the intrinsic return loss for 193 
physical contacting fibres is governed by the refractive index of the fibre core (see Annex A). 194 
The appropriate polishing method shall be applied to obtain the return loss grades in Table 2.  195 
The quality of the end face shall be inspected using IEC 61300-3-35. The visual requirements 196 
for single-mode PC polished end faces in fibre core zone (Zone A), and fibre cladding zone 197 
(Zone B) are shown in Tables 4, 5 and 6. 198 

Table 4 – Visual requirements for single-mode PC polished fibres with RL grade 2 199 

SM (RL ≥ 45dB) 200 
Zone 

(Diameter) 
Defects 

(diameter) 
Scratches 

(width) 
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