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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRE AMPLIFIERS - BASIC SPECIFICATION -

PART 3-1: Test methods for noise figure parameters —
Optical spectrum analyzer

FOREWORD
A PAS is a technical specification not fulfilling the requirements for a standard, but madg _availabl C
IECH{PAS 61290-3-1 has been processed by subcommittee 86C: Fibre optic syst IEC
techpical committee 86: Fibre optics.
The text of this PAS is based on the
following document:
m
Draft PAS / kpoﬁx{n ing \
86C/392/PAS TRV

Follgwing publication of this PAS, the tech the
posdibility of transforming the PAS into an Interna
1) The IEC (International Electrotechnical Commis: |on) i onal

dlectrotechnical committees (IEC ational Com n all

duestions concerning standardiZatio 4, the

IEC publishes International Stah \ 3 ittee

interested in the subject Mdealt With s ateN] preparatory work. International, governmental and |non-

overnmental organizations Iiajsing Wi in this preparation. The IEC collaborates closely with the

2)

3)

4)

5)

6)

tyo organizations

Ihternational Organii'
he formal decisio

technical matters express, as nearly as possible, an internaf
ince each technical committee has representation from all intere

cordance with conditions determined by agreement between the

onal
sted

he document: g g ha recommendations for international use and are published in the form of
andards, teg al specificati shnical reports or guides and they are accepted by the National Committees in| that
ense
Ih ord ] ote nternational unification, IEC National Committees undertake to apply IEC International Standards
tfansparently to rqum extent possible in their national and regional standards. Any divergence between theg IEC
$tandard anththe.COrresponding national or regional standard shall be clearly indicated in the latter.
The IEC provides™mQ marking procedure to indicate its approval and cannot be rendered responsible for any equipment
declared tg'be’in conformiity with one of its standards.
Attention,is drawn to the possibility that some of the elements of this PAS may be the subject of patent rights. The IECshall
rlot®e held responsible for identifying any or all such patent rights.
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INTRODUCTION

This part of IEC 61290 is devoted to the subject of optical amplifiers. The technology of optical
amplifiers is still rapidly evolving, hence amendments and new additions to this publication can be
expected. Each abbreviation introduced in this part of IEC 61290 is generally explained in the text the
first time it appears. However, for an easier understanding of the whole text, a list of all abbreviations
used in this document is given in annex A.

Information concerning a patent involved in this part of IEC 61290, the holder of which accepted the
IEC policy on patents, is given in annex B.

Thig document should be read in conjunction with IEC 61291-1: Optical amplifiers-— Part 1:(Gefleric

&
@
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1

OPTICAL FIBRE AMPLIFIERS - BASIC SPECIFICATION -

Part 3-1: Test methods for noise figure parameters —
Optical spectrum analyzer

Scope and object

This part of IEC 61290 applies to commercially available optical fibre amplifiers (OFAs) using active

ain

med

The
med
parg

fibres containing rare-earth dopants, or semiconductor optical amplifiers (SOWs) using laser
ia.
object of this part of IEC 61290 is to establish uniform requirements fo

a)
b)

The

Twa
dire
acc
wav

The

pow

NOT]
NOT]

2

The
refe
doc

IEC

IEC
quid

signal-spontaneous noise figure
forward amplified spontaneous emission (ASE) power level

methods described in this document apply to single-cha

er.

F 2 — General aspegts of R
Normative re:e :

e

iable

OA

\SE

The
rge

er.

5ion

following refere are’ indispensable for the application of this document. For dated
Frences, only the aditis applies. For undated references, the latest edition of the referenced
iment (inclyding Z

60793- — Part 1-1: Generic specification — General

60825-1._Safety~df laser products — Part 1: Equipment classification, requirements and uger's

4 £

IEC

IEC

FaYaVaVaVllillal Ol L L A D WA aY O oo b L b L Lol H b A
OUOZLI=2. odICly UI'[asSTrl prouuclts = rdit <. odiCty O OpUCdar 1iore COrmrarineatiorr Sy sSterirs

60874-1: Connectors for optical fibres and cables — Part 1: Generic specification

IEC 61290-1-1: Optical amplifier test methods — Basic specification — Test methods for gain
parameters — Part 1-1: Optical spectrum analyser

IEC 61290-3-1: Optical fibre amplifiers — Basic specification — Part 1-1: Test methods for gain
parameters — Optical spectrum analyser

IEC

61291-1: Optical amplifiers — Part 1: Generic specification

NOTE - A list of informative (not normative) references is given in annex C.
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3 Apparatus

Two schemes of the measurement set-up (for DI and PN techniques, respectively), are given in
figure 1.

The test equipment listed below, with the required characteristics, is needed.

a) Narrowband optical source:
The optical source shall be either at a fixed wavelength or wavelength tunable.

— Fixed-wavelength optical source:

This optical source shall generate light with a wavelength and optical power specified-in{the
relevant detail specification. Unless otherwise specified, the optical source the
full width at half maximum of the spectrum narrower than 1 nm (%). Singfetline las s a
Histributed feedback (DFB) laser, a distributed Bragg reflector (DBR) las€ ser
ECL) are applicable. Also applicable is a light emitting diode (LED) The
suppression ratio for the side modes for the single-line laser \ - ().
The output power fluctuation shall be less than 0,05 dB (%), whi ; attainable witlh an
bptical isolator at the output port of the optical source. Source S i ctral
broadening at the base of the lasing spectrum should be mifi

- Wavelength-tunable optical source

This optical source shall generate wavelength-tun i ithi ified in|the
relevant detail specification. Its optical power sh ¢ e relevant detail specification
Unless otherwise specified, the optical’st of
he spectrum narrower than 1 nm (). sing D with a narrow bandpass oplical
filter is applicable for example. The suppressi i esidé modes for the single-line laser
shall be higher than 30 dB (1). The output power fiy jon shall be less than 0,05 dB (), which
may be better attainable with an optical isota < bput port of the optical source. Soufce-
spontaneous emission < ) base of the lasing spectrum should be

minimal for the ECL.

Optical
spectrum
analyzer

Narrowband ine W
optical | : N
source /\ larize /\Q r
under
Source module test
a) DI technidue

Narrewband Ainear Optical
i X it Polarization i
optical polarizer ﬂ Polarization @ O “controller Linear I+ gpectrum

controller

source Variable polarizer nalyzer
optical
attenuator OA o
under N Stags
Source module test

b) PN technique

Figure 1 — Two typical arrangements of the optical spectrum analyzer
test apparatus for noise figure parameter measurements

b) Polarization controller:

This device shall be able to convert any state of polarization of a signal to any other state of
polarization. The polarization controller may consist of an all fibre polarization controller or a
quarter-wave plate rotatable by a minimum of 90 degrees followed by a half wave plate rotatable
by a minimum of 180 degrees. The reflectance of this device shall be smaller than —50 dB (%) at
each port. The insertion loss variation of this device shall be less than 0,2 dB (%).
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c)

Linear polarizer:

This device should have a minimum extinction ration of 30 dB (%), and reflectance smaller than

—50 dB (%) at each port. A rotatable polarizer is preferred to maximize the input signal power.
Variable optical attenuator:

The attenuation range and stability shall be over 40 dB () and better than 0,1 dB (%), respectively.

The reflectance from this device shall be smaller than —50 dB (%) at each port.
Optical spectrum analyzer:
The optical spectrum analyzer (OSA) shall have polarization sensitivity less than 0,1 dB

#).

stability better than 0,1 dB (%), and wavelength accuracy better than 0,05 nm (%). The linearity

should be better than 0,2 dB (3) over the device dynamic range. The reflectance from this deyice
shall be smaller than —50 dB (%) at its input port.
f) Optical power meter:
This device shall have a measurement accuracy better than 0,2 dB (3
bolarization, within the operational wavelength bandwidth of the OAN\and
from —40 to +20 dBm (%).
NOTE — The optical power meter is for calibration purposes.
g) Broadband optical source:
This device shall provide output broadband optica
bandwidth of the OA (for example, 1530 nm to 156% . s With
ess than a 0,1 dB (}) variation over the mea 1 i range (typlcally 10 nm). |For
bxample, the ASE generated by an OAwith ng used.
h) Optical connectors:
The connection loss repeatability shall . The reflectance from this deyice
shall be smaller than -50 dB ().
i) Optical fibre jumpers:
The mode field diam ibres
used as input and output potts of ¢h han
-50 dB (1), andrthe & the
Hevice under @ r to
minimize state o¥pola
Subisequently, th : iable
optigal attenuatar, and the [ ization controller shall be referred to as the source module. [The
poldrization contro ce module is optional and is required only when polarizdtion
dependenipe e’ measured.
Thel combination.of-.the t polarization controller and the linear polarizer will be referred to as| the
nulling stage. Thewulling stage is only required for the PN technique is employed and may be omitted
for the DI technique.
4 |[Test sample

The OA under test shall operate at nominal operating conditions. If the OA is likely to cause laser
oscillations due to unwanted reflections, use of optical isolators is recommended to bracket the OA
under test. This will minimize the signal instability and the measurement inaccuracy.

Care shall be taken in maintaining the state of polarization of the input light during the measurement.
Changes in the polarization state of the input light may result in input optical power changes because
of the slight polarization dependency expected from all the used optical components, leading to
measurement errors.
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5 Procedure

This test method is based on the optical measurement of the following parameters:

— the ASE power level at the output of the OA under test,
— the optical bandwidth of the OSA.
Measurement of the ASE power level at the signal wavelength can be accomplished by either direct

interpolation (DI) or by a polarization nulling technique incorporating interpolation (PN). The DI
technlque is faster and S|mpler to implement, however it may be maccurate due to distortions caused

by the but
MOrE accurate by virtue of m|n|m|zmg the d|stort|ons The pr|nC|pIe of PN is based on the fact fthat
AS 3 3s a
defini the
AS mly
pol

Both techniques aim to eliminate the unwanted source-sponta \SE
megsurement result. The DI technique requires a discrete the
soufce- spontaneous contrlbutlon to the ASE level. The PN ech Fce-
Spo ¢ optical bandwidth
can RN) are provided.
5.1
5141
The| i i i i esolution bandwidth of the OSA. [The
calipration can be performed usmg one of the i ethods, based on the use of either a
narn 3 S | or
PN
a) |[Calibration using a
The steps Iist
) Connect FB)
i)
i)
v)
V) =fg +
filter
pass band.
Vi) Record the OSA signal level, P(4;), in linear units.
vii) Repeat steps v) and vi), tuning the narrowband optical source wavelength through the

wavelength range.
viii) Determine the optical bandwidth according to the following equation:
Mgy (4s) = JTP(i) | P(As)] d2;
The accuracy of this measurement is related to the tuning interval of the narrowband optical

source (A4;) and power flatness over the wavelength range. Tuning interval smaller than 0,1 nm is
advisable. The optical power should not vary more than 0,4 dB over the wavelength range.

b) Calibration using a broadband optical source:

This method requires that the OSA have a rectangular shape bandwidth-limiting filter, when the
resolution bandwidth is at the maximum value. The steps listed below shall be followed.
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Firstly connect the output of a narrowband optical source (either the ECL or the DFB)
directly to the OSA. If adjustable (i.e. in the case of the ECL), set the wavelength of the
narrowband optical source to a specific wavelength, As.

Set the OSA resolution bandwidth to the maximum value, preferably not larger than
10 nm.

Using the OSA, measure the FWHM of the narrowband signal, AAgg\wmax-
Connect the output of a broadband optical source directly to the OSA.

Keep the OSA resolution bandwidth at the maximum value.

Using the QSA, _measure the qi itput power level Pog (in linear ||ni’rQ), at the given

Vii)

i)

X)

RBWMmMax—

wavelength, Ag.

Set the OSA resolution bandwidth to the desired value.

Using the OSA, measure the output power level, Prgyy (in
wavelength, Ag.

ven

For|both methods, the following approximate equation p \ fom

the fomain of wavelengths [Adgy (As)] to the domain of ffequény

NOTE 1 — Once this value is determined, all OSA measureme g as
calibfated above, taking into consideration the opticd filter jnthe ,

NOTE 2 — If a narrow optical filter is j i , OA shquldBe included in the path between the source anfl the
OSA|when calibrating Bg()). The €esoluti idth\settin st be spnaller than the optical filter bandwidth.

Itis

5.1.

If P
med
ora
perf

i)

isted below to calibrate the nulling stage insertion loss of| the
. The nulling stage insertion loss can be calibrated either before
easured. Measurement accuracy may be improved if this calibratign is

odule optical output directly to the OSA. Adjust the source module to

th, A, specified in the detail specification. Adjust the attenuation so|the

desiredinput signal level is reached. Adjust the source module polarization controller to olftain
thendesired input signal state of polarization (optional). Measure this value, Py (in dBm)| on
the*OSA.

Naxt connact tha courca modile outnut diracthv to tha nullina ctaaa innuit and thg nnlin
NEXt-COHRe eSO+ oate—o tH—EH ety —o—He—huRg—Stage—hpdtr—aRa—He——4

uip
stage output directly to the OSA.
Adjust the nulling stage polarization controller and polarizer to minimize the signal.

Leaving the nulling stage polarizer in the position determined by step iii), adjust the
polarization controller to maximize the signal.

Measure the signal value, Ppo| (in dBm), on the OSA.

Determine the loss of the nulling stage, L, (in dB), according to the following equation:

I-pol (KS) = Ps - |:)pol
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Calibration of OSA power correction factor

Follow the steps listed below to calibrate the OSA power correction factor (PCF). The power
correction factor calibrates the OSA for absolute power. This procedure applies both to DI and PN
measurement techniques.

i)

Adjust the source module to the signal wavelength, A;. Connect the output of the source
module directly to the input of the optical power meter, and measure Ppyrytr (in dBm).

Disconnect the output of the source module from the optical power meter, and connect the

output of the source moduie difectly to the nput of the OSA as shown, and measure Pgg) (in
dBm).

iii) Determine the power calibration factor, PCF, (in dB), according to th& followin
PCF (4s) = PpwrmTR — Posa

5.2| Measurement
With reference to the measurement set-ups shown in figure 1, th be followed to determine
the ASE noise level of an OA (as a function of the signa S signal input power)|are
givgn below separately for the single channel DI, ang-the e ementtechniques, respectively.
The| DI technique requires a correction for\the sgu jssion contribution be made,
while the PN technique automatically filt - 9
5.2(
i) brated value. Do not change this sefting
i)
iii)
iv) ation controller to select an input signal polarization stat¢ as
V) hble
Vi)
vii) Measure the source-spontaneous emission spectrum as a function of wavelength,

D [\ fin AR\ Datarmina tha tafal coiren cnantananiic amiccing nawar 1aga)  piota (1)

T bbt\ v} \III ULJTTT ). |=~4A 2SI RERIINAY] uaune ot SUUTUC \JH\JIIL(AIIUUUO CTITIooITuUTT 'J\JVVUI |\JV\J|, T SSE

(in dBm), as a function of wavelength, according to the following equation:

P2al(41) =Pssg (1) + PCF

viii) Remove the source module output from the OSA, and connect the OA as shown in figure 1a.
ix) Measure the forward-amplified spontaneous emission power level adjacent to the amplified

source signal. Use a suitable polynomial interpolation fit to determine the uncorrected forward
ASE power level, Psg(4) (in dBm), centered about the signal wavelength.
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X) Determine the total uncorrected forward ASE power level, Pgl’zta'(/l)(in dBm), as a function of
wavelength, according to the following equation:

Pl (1) =Psg (4) + PCF

Xi) Measure the OA gain, G (in linear units), using the method described in IEC 61290-1-1.

Xii) Determine the amplifier contribution to the total forward ASE power level at the signal

; Pasg (As ; pvel

from the uncorrected ASE power level, as a function of wavelength, according to the-following
equation:
P Psse(4s)
PRek (4,)=10logsg|10 10 —Gx10

5.2.p PN technique

i) Connect the OA as shown in figure 1b.

dlue. Do not change this sefting

iii) in the detail specification.

iv) e optical signal level.

V) controller to select an input signal polarization statg¢ as
Vi) [ ) er specified in the detail specification, using the varigble
vii) the Quiput polarization controller and polarizer of the nulling stage to maximize|the

viii) Adjust.the~ulling stage polarization controller to minimize the OA output signal, leaving|the
palarizer in th& position determined in step vii).

ix) Measure the spontaneous emission power level adjacent to the amplified source signal. Use a
sultable nierpolation technique o defermine the uncorrecied sponianeous emission power
level, Pse(As) (in dBm), at the signal wavelength.

X) Determine the total forward ASE power level, Pig‘g (4,) (in dBm), according to the following

equation:

Past (4s) =Psg (4, ) +Lpo +PCF +3

Xi) Measure the OA gain, G (in linear units), using the method described in IEC 61290-1-1.
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6 Calculation

Since the forward ASE power level is directly determined during the measurement procedures, the
calculations given below shall be followed for the determination of the signal-spontaneous noise
figure, NFsig-Sp.

Starting from the measured values of the OA forward ASE power level, PXQE (A45) (in dBm), gain, G

(in linear units), and optical bandwidth, Bg(4,) (in frequency units), the signal-spontaneous noise
figure, NFsjg-sp (in dB), shall be calculated, as a function of signal input power, Pj,, and signal

wavelength, A, according to the following equation:

NFsig-sp (Pin: 45 ) =P gt (4, ) —10l0g10[G 7 vBo (4,)

(n being the Planck's constant and v the optical signal frequency).

NOTE - The accuracy of this test method is very dependent on the accuracy at yhi be en and rerpade

as well as on the polarization dependence of the OSA.

7 |Test results

Thelfollowing details shall be presented:

i) Arrangement of test set-up (if differeqt fro e ‘spesified/in clause 3)

grpolation or polarization nulling pith

ii) Measurement technique; single \cha dire
interpolation

iX) Input signal power, Pj

x) Linear gain, G

xi) Total forward ASE power level, PRcP
Xii) Signal-spontaneous noise figure, NFsjg-sp

Xiii) For DI, the error due to source spontaneous emission subtraction (from annex D)
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Annex A
(informative)

List of abbreviations
ASE  Amplified spontaneous emission

DBR Distributed Bragg reflector

DF Nictribitoad foaondbaeclk Incar
Dottt OTCCtoatitTastt

DI Direct interpolation (technique)
ECL External cavity laser (diode)
LED Light emitting diode

OA Optical amplifier

OFA  Optical fibre amplifier
OSA  Optical spectrum analyzer
PN Polarization nulling (with interpolation
SOA  Semiconductor opticg

SSH Source spontan

9,
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Annex B
(informative)

Patent information
The use of the following patent may be needed in the implementation of some parts of this PAS:

U.S. Patent # 5,223,705 — “Measurement of an Optical Amplifier Parameter with Polarization”

Eurppe (France, Great Britain, Germany) — Application No. 93306 178.0 (Filed 5 Aug. 1993)

Japgn — Ref. No. 930144.

The| holder of this Patent (AT&T, USA) declared his availability to releas
IEC|patent policy.

&

the
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Annex C
(informative)
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