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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
ACTIVE FIBRES – CHARACTERISTICS AND  

MEASUREMENT METHODS – GUIDANCE 
 

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) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which 
may be required to implement this document. However, implementers are cautioned that this may not represent 
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC 
shall not be held responsible for identifying any or all such patent rights. 

IEC TR 63309 has been prepared by subcommittee 86A: Fibres and cables, of IEC technical 
committee 86: Fibre optic. It is a Technical Report. 

The text of this Technical Report is based on the following documents: 

Draft Report on voting 

86A/2515/DTR 86A/2586/RVDTR 

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

The language used for the development of this Technical Report is English. 
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/publications. 

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

• reconfirmed, 

• withdrawn, or 

• revised. 
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ACTIVE FIBRES – CHARACTERISTICS AND  
MEASUREMENT METHODS – GUIDANCE 

 
 
 

1 Scope 

This document provides an introduction of active fibres describing key characteristics and 
measurement methods. For the purpose of this document, an active fibre is a silica-based 
optical fibre doped in the core with rare-earth ions to allow optical gain, named rare-earth doped 
fibre. Other fibres enabling optical gain by means of different effects (e.g. Raman effect) are 
not included in the scope of this document. 

2 Normative references 

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

IEC TR 61931, Fibre optic – Terminology 

IEC TS 62627-09, Fibre optic interconnecting devices and passive components – Vocabulary 
for passive optical devices 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC TR 61931, IEC TR 
62627-09, and the following apply. 

ISO and IEC maintain terminology databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at https://www.electropedia.org/ 

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

3.1  
active fibre 
optical fibre whose core includes an active medium capable of stimulated emission 

3.2  
rare-earth element 
RE element 
“ensemble of the chemical elements with atomic numbers between 58 and 71 such as erbium, 
ytterbium, neodymium etc (see 6.2) 

3.3  
absorption coefficient 
how far incident light of a certain wavelength penetrates a material before being absorbed 

3.4  
slope efficiency 
slope of the linear (linearized) dependence of the output laser power on the pumping power 
when the pump power is higher than threshold power 
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3.5  
photodarkening 
phenomenon that the optical power losses in a medium can grow when the medium is irradiated 
with light at certain wavelengths 

3.6  
mode instability 
MI 
beam quality of the output suddenly becomes quite poor when pump power exceeds a certain 
threshold value 

Note 1 to entry: It is also called transverse mode instability (TMI). 

3.7  
stimulated Raman scattering 
SRS 
non-linear phenomenon of light scattering produced by the phonon interaction of light and 
molecular vibrations 

Note 1 to entry: The interaction is between a signal pump photon and with a transverse (optical) phonon. 

Note 2 to entry: As described in IEC TR 61282-4. 

3.8  
stimulated Brillouin scattering 
SBS 
non-linear phenomenon of light scattering produced by light and sound wave variations in the 
refractive index 

Note 1 to entry: As described in IEC TR 61282-4. 

3.9  
fibre Bragg grating 
FBG 
fibre type passive optical device (component) which has modulated refractive index profile in 
the core of the optical fibre 

[SOURCE: IEC TR 62627-09:2016] 

3.10  
wavelength division multiplexing 
WDM 
non-linear phenomenon that separate wavelengths are allotted to several independent signals 
(optical channels) for transmission over a common optical transmission medium 

4 Abbreviated terms 

CT charge transfer 
FWM four-wave mixing 
LD  laser diode 
MOPA master oscillator power amplifier 
NA numerical aperture 
ODC oxygen deficient centre 
PD positive displacement 
YAG yttrium aluminum garnet 
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5 Background of active fibres 

Active fibres are usually used in a fibre laser or a fibre amplifier, as shown in Annex A. The 
typical technology of active fibres is rare-earth doped fibre. By pumping the rare-earth elements 
with a certain wavelength pump light, the fibre can emit longer and sometimes shorter 
wavelength fluorescence. 

Fibre lasers usually use active fibre as gain medium. Pumped by a certain wavelength pump 
light into a fibre's core or cladding (it is not applicable for single cladding fibre to be injected 
pump light from cladding), power density in an active fibre could be high enough to obtain a 
population inversion，and then generate laser oscillation within a resonant cavity. With high 
conversion efficiency, low threshold, high gain and high beam quality, fibre lasers are becoming 
the choice for most major production laser applications as well as converting traditional welding 
and cutting processes to fibre laser technologies. 

Rare-earth elements in fibre lasers could be neodymium (Nd), erbium (Er), ytterbium (Yb), 
thulium (Tm) etc. Figure 1 shows the absorption and emission spectrum of Yb3+ ion. Yb3+ 
energy level structure consists of two manifolds, the ground manifold 2F7/2 (with four Stark 
levels, labeled L0 to L3), and a well separated excited manifold 2F5/2 (with three Stark levels, 
labeled U0 to U2). Approximated energies in wavenumbers above ground energy are indicated. 
Absorption and emission cross sections for a germane-silicate host are shown with a blue solid 
line and red dash-dot lines in Figure 2, and its inset is the energy levels structure of Yb3+ ions 
in silica which has been introduced before. The absorption or fluorescence peak at 975 nm 
represents the zero–line transition between the lowest energy levels of the ground state L0 and 
the excited state U0 in the manifold. The absorption peak at shorter wavelength (B) corresponds 
to 860 nm and 909 nm. In a similar way, other peaks of the two curves correspond to different 
electronics jumping. 
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Figure 1 – Yb3+'s energy level diagram in a germane-silicate host [1]1 

___________ 
1  The numbers in square brackets are shown in Bibliography. 
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