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Foreword

The text of document 86C/271/FDIS, future edition 1 of 61290-3, prepared by SC 86C, Fibre optic
systems and active devices, of IEC TC 86, Fibre optics, was submitted to the IEC-CENELEC parallel vote
and was approved by CENELEC as EN 61290-3 on 2000-06-01.

The following dates were fixed:
- latest date by which the EN has to be implemented
at national level by publication of an identical

national standard or by endorsement (dop) 2001-03-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2003-06-01

This European Standard is to be read in conjunction with EN 61291-1:1998.
Annexes designated "normative" are part of the body of the standard.
Annexes designated "informative" are given for information only.

In this standard, annex ZA is normative and annex A is informative.
Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 61290-3:2000 was"approved by CENELEC as a European
Standard without any modification.
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INTRODUCTION

As far as can be determined, this is the first International Standard on this subject. The
technology of optical fibre amplifiers is quite new and still emerging, hence amendments to
and new editions of this standard can be expected.

Each abbreviation introduced in this standard is explained in the text at least the first time it
appears. However, for an easier understanding of the whole text, a list of all abbreviations
used in this standard is given in annex A.

© 11-2000
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OPTICAL FIBRE AMPLIFIERS -
BASIC SPECIFICATION -

Part 3: Test methods for noise figure parameters

1 Scope and object

This International Standard applies to optical fibre amplifiers (OFAs) using active fibres,
containing rare-earth dopants, presently commercially available.

The object of this standard is to provide the general background for OFA noise figure parameters
measurements and to indicate those IEC standard test methods for accurate and reliable
measurements of the following OFA parameters, as defined in clause 3 of IEC 61291-1:

a) noise figure (NF);

b) noise factor (F);

c) multiple path interference (MPI) figure of merit;

d) signal-spontaneous noise figure;

e) (equivalent) spontaneous-spontaneous optical bandwidth (Bsp-sp)i

f) forward amplified spontaneous emission (ASE) power level;

g) reverse ASE power level;

h) ASE bandwidth.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 61290. For dated references, subsequent
amendments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this part of IEC 61290 are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of |[EC
and ISO maintain registers of currently valid International Standards.

IEC 61290-3-1, Optical fibre amplifiers — Basic specification — Part 3-1: Test methods for
noise figure parameters — Optical spectrum analyzer 1)

IEC 61290-3-2, Optical fibre amplifiers — Basic specification — Part 3-2: Test methods for
noise figure parameters — Electrical spectrum analyzer 1

IEC 61291-1:1998, Optical fibre amplifiers — Part 1: Generic specification

NOTE A list of informative references is given in the bibliography.

1) To be published.
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3 Noise figure generalities

The noise figure is one of the most important parameters of an OFA. Following the definition
in IEC 61291-1, the noise factor, i.e. the linear form of the noise figure, can be expressed by:

. 2 . 2
_ SNRinput _ <lsignal” >in « = Indise _>out
SNRoutput

, 2 . 2
<lnhoise >in < lsignal >out » 1)

: 2

F= 1 <lnoise” >out
2 . 2

G* < lnoise” >in

where

SNR denotes signal-to-noise ratios;

i denotes photocurrents in an ideal photodetector with a quantum efficiency of 1;
G denotes the optical signal gain.

The input noise current is, by definition, the shot noise current caused by the optical input
signal. This excludes other noise sources on the input side.

The output noise current is the sum of five contributions. Each of these contributions can be
expressed by a partial naise-factor: '

a) signal shot noise factor, Fgp . <ig, from shot noise from amplified input signal;

b) ASE shot noise factor, Fgpqt a5e, from shot noise from amplified spontaneous emission;
¢) signal-spontaneous noise factor, Fsig_sp, from signal beating with ASE; ‘
d) spontaneous:spontaneous:noise factor, Fgglspiflom ASE beating with itself;

e) noise factor from multiple path'interference (MPL), Frapi-

The total noise factor (in linear, not logarithmic units) is:

Frotat = Fshotsig *+ Fshotase * Fsig-sp +Fsp-sp + Fimpi (2)

The noise figure can be calculated using:

NF = 1010g(Fiota) (3)

Equation (2) can be used for optical noise figure measurements, as well as for estimating the
influence of various parametérs in electrical noise figure measurements. It represents a
complete noise figure model of an OFA.

© 11-2000
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4 Noise figure contributions

The signal shot noise factor is:

1
F, q=—= 4
shot,sig G (4)
where G is the gain at the signal wavelength.
The ASE shot noise factor is:
P
Fshot,ase =E§‘§ (5)
where
P,sc is the wavelength-integrated ASE power;
P, is the optical input signal power.
The signal-spontaneous noise factor is:
Pasep
Foigesp =2 : (6)
sig—sp Gh"sig
where
Pase,p is the optical power density of spontaneous emission, in the same potlarization state
as the output signal, at the signal wayglength,,in W/Hz;
h is Planck's constant;
Vsig = Cl4sig is the optical signal frequency; in Hz.

The spontaneous-spontaneous noise factor.is;

Pase"B
S -
Fap—sp =_&_PZLP (7)
2hvisG Ry
where
Pase is the optical power density of total (unpolarized) spontaneous emission, at the
signal wavelength, in W/Hz;
Bsp-sp is the equivalent spontaneous-spontaneous optical bandwidth defined in IEC 61291-

1; it depends on power and wavelength of input signal.

NOTE When By, ¢, is known, there is no need for separate measurement of Fepsp because it can be calculated
from the signal spontaneous noise factor and the input power.

Multiple path interference (MPI) noise is generated by beating between the output signal and
one or more doubly reflected replicae of the output signal. Two or more reflection points
inside the OFA are necessary to generate MPI noise. When all reflection points are separated
by more than the coherence length of the optical source, then the MPI noise factor is [111:

_ 2Py Av
Fenpi = —h;‘mz—IZ(piGcav,i) (8)

1) Figures in square brackets refer to the bibliography.
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