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This fedline version of the official IEC Standard allows the user to identify the changes mﬁd
the previots edition IEC 61290-1:2014. A vertical bar appears in the margin wherever a cha
has heen"made. Additions are in green text, deletions are in strikethrough red text.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL AMPLIFIERS — TEST METHODS -
Part 1: Power and gain parameters

FOREWORD

alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote.ihternati
coloperation on all questions concerning standardization in the electrical and electronic fields. Towthis end
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rgp

International Electrotechnical Commission (IEC) is a worldwide organization for standardization compgrising

onal
and
orts,

Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).| Their

préparation is entrusted to technical committees; any IEC National Committee interested in‘the’subject dedIt
may participate in this preparatory work. International, governmental and non-governmental ofganizations liai

with
sing

with the IEC also participate in this preparation. IEC collaborates closely with the Interpnational Organizatfon for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizatipns.

The formal decisions or agreements of IEC on technical matters express, as nearly,as possible, an interngti

onal

cohsensus of opinion on the relevant subjects since each technical comnijtiee has representation from all

interested IEC National Committees.

IEC Publications have the form of recommendations for international ‘use and are accepted by IEC National

Cdmmittees in that sense. While all reasonable efforts are made ta. ensure that the technical content ¢f
Pyblications is accurate, IEC cannot be held responsible for théyway in which they are used or fqr
miginterpretation by any end user.

IEC
any

In|order to promote international uniformity, IEC National~-€Cemmittees undertake to apply IEC Publigations
trgnsparently to the maximum extent possible in their national‘and regional publications. Any divergence between
any IEC Publication and the corresponding national or regienal publication shall be clearly indicated in the|latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide confprmity

aspessment services and, in some areas, accessyto-lEC marks of conformity. IEC is not responsible for
sefvices carried out by independent certification bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper{s

any

and

megmbers of its technical committees andJEC National Committees for any personal injury, property damage or

othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg)
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othqgr
Publications.

and
IEC

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicatipns is

indispensable for the correctapplication of this publication.

At{ention 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.

eto
nge
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IEC 61290-1 has been prepared by subcommittee 86C: Fibre optic systems and active devices,
of IEC technical committee 86: Fibre optics. It is an International Standard.

This second edition cancels and replaces the first edition published in 2014. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) specification of gain ripple as a new parameter;

b) s

c) u

necification of tast methad and tast ranort for aain rinnle - maeasurements:
HeaHOGR-G1—+ HRBSHoG—-aG—+ +—-8p-oH—e—gaH—Hppre—-ReastH-ehRehts:

e of the term “measurement uncertainty” instead of “measurement accuracy”.

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

Full i
the 4

The |

This
acco
at w
desc

A list
Test

The
stabi
spec

Draft Report on voting

86C/1746/FDIS 86C/1783/RVD

bove table.
anguage used for the development of this InternationalyStandard is English.

document was drafted in accordance with ISQ/IEC Directives, Part 2, and develop

vw.iec.ch/members_experts/refdocs. The main document types developed by IEC
ibed in greater detail at www.iec.ch/publications.

of all parts in the IEC 61290 series;, published under the general title Optical amplifi
methods, can be found on the IEG website.

ity date indicated on the JEC website under webstore.iec.ch in the data related t
fic document. At this date, the document will be

confirmed,

ithdrawn,

placed by a-revised edition, or

mended.

hformation on the voting for its approval can be found in the ¥€port on voting indicated in

ed in

dance with ISO/IEC Directives, Part 1 and ISQ/IEC Directives, IEC Supplement, avalilable

are

ers —

ommittee has decided thatthe contents of this document will remain unchanged untjl the

b the

IMPORTANT - The "colour inside” logo on the cover page of this document 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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1

OPTICAL AMPLIFIERS - TEST METHODS -

Part 1: Power and gain parameters

Scope-and-object

This part of IEC 61290 applies to all commercially available optical amplifiers (OAs) and

opticplly amplified subsystems. It applies to OAs using optically pumped fibres (optical
amplifiers (OFAs) based on either rare-earth doped fibres or on the Raman_gf
semiconductors (semiconductor optical amplifiers (SOAs)), and waveguides (planar o
waveguide amplifiers (POWASs)). It is specifically directed to single-channel amplifiers.
methpds for multichannel amplifiers are defined in the IEC 61290-10 series.

This document establishes uniform requirements for accurate and reliablesmeasurements ¢
following OA parameters, as defined in IEC 61291-1:20422018, Clause-3:

a)
b)
c)
d)
e)
f)

)]
h)
i)

)

NOTE|1 The applicability of the test methods described in this document to distributed Raman amplifiers
under|study.

NOTE| 2{ Al"numerical values followed by (}) are suggested values for which the measurement is assured.
valueq are”’acceptable if verified.

>

bminal output signal power;

ghin;

reverse gain;

aximum gain;

aximum gain wavelength;

aximum gain variation with temperature;
hin wavelength band;

m
m

n

9

gpin wavelength variation;
gpin stability;
pplarization-dependent gain;
ghin ripple (SOA only);
Igrge-signal output stability,
saturation output power;
nmaximum output-sighal power;
n

aximum totaloutput power.

fibre
fect),
ptical
Test

f the

is still

Other

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 61290-1-1, Optical amplifiers — Test methods — Part 1-1: Power and gain parameters —
Optical spectrum analyzer method
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IEC 61290-1-2, Optical amplifiers — Test methods — Part 1-2: Power and gain parameters —
Electrical spectrum analyzer method

IEC 61290-1-3, Optical amplifiers — Test methods — Part 1-3: Power and gain parameters —
Optical power meter method

IEC 61291-1:20422018, Optical amplifiers — Part 1: Generic specification

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61291-1 apply.

ISO Ind IEC maintain terminological databases for use in standardizationyat 'the follqwing
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |30 Online browsing platform: available at http://www.iso.org/qbp

3.2 Abbreviated terms

ASE amplified spontaneous emission
FWHM  full width at half maximum
OA optical amplifier

OFA optical fibre amplifier

OSA optical spectrum analyzer

POWA planar optical waveguide amplifier
SOA semiconductor optical amplifier

4 Optical power and gain test method

D
+
0]

One pf the three testumethods described in IEC 61290-1-1, IEC 61290-1-2, and IEC 6129p-1-3
for qyiantifying threloptical power and gain of an OA shall be followed in this document.

Fhejaim—efathe first procedure{see The test method described in IEC 61290-1-1)1jis—to

deter|mines the optical power and gain by means of an optical spectrum analyzer-test-method.

Fhe—aim—of-the-second procedure(see The test method described in IEC 61290-1-2)-is—to

determines the optical power and gain by means of an optical detector and an electrical
spectrum analyzer.

Fhe—aim—of -thethird procedure{see The test method described in IEC 61290-1-3)-is—to

determines the optical power and gain by means of an optical power meter and an optical
bandpass filter.

5 Optical power and gain parameters

The parameters listed below are required for gain and power:


http://www.iso.org/obp
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a)

b)

c)

d)

e)

Nominal output signal power: The nominal output signal power is given by the minimum
output signal optical power for an input signal optical power specified in the relevant detail
specification and under nominal operating conditions given in the relevant detail
specification. To find this minimum value, input and output signal power levels shall be
continuously monitored for a given duration of time and in the presence of changes in the
state of polarization and other instabilities, as specified in the relevant detail specification.
The measurement procedures and calculations are described in each test method.

Gain: The measurement procedures and calculations are described in each test method.

Reverse gain: As in b), but with the OA operating with the input port used as an output port
and vice-versa.

aximum gain: As In b), bul use a wavelengih-tuneable optical source and repeat all
pfocedures at different wavelengths in such a way as to cover the wavelength-range
specified in the relevant detail specification.

Unless otherwise specified, the wavelength should be changed by steps smaller than |1 nm
(¥) around the wavelength where the ASE spectral profile, observed (e, g\ with an optical
spectrum analyzer or a monochromator) without the input signal, takesits maximum value.
NPTE 1 A wavelength measurement-aseuracy uncertainty of £0,01 nm, within the_gpérating wavelength|range
ofl the OA, is attainable with commercially available wavelength meters based on‘interference-fringes copnting

techniques. Some tuneable external-cavity laser-diode instruments provide a wavelength measurement-acguracy
upcertainty of £0,2 nm.

The gain values are measured at the different wavelengths'as described in b) above| The
nmaximum gain shall be given by the highest of all thesg“gain values at nominal openating
cpndition. Figure 1 shows the typical behaviour of the gain as a function of the input gignal
ppwer.

>

Small-signal gain

Signal gain (dB)

Linearregion

Y

Input signal power (d BE)
IEC

Figure-K= Typical behaviour of the gain as a function of input signal power

Maximum gain wavelength: As in d), the maximum gain wavelength shall be the wavelgngth
at which the maximum gain occurs. Refer to Figure 2 for typical gain behaviour for different

wavelenaths
V g -
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) Maximum gain
£
s %ﬂ
© Ny
5 “y
]
Gain wavelength band
v Maximum gain wavelength v

-

Signal wavelength (nm)
IEC

Figure 2 — Typical behaviour of the gain as a function of wavelength

blow shall be followed, with reference to the measurementset-up and procedure for
st method:

as described in b), measure the maximum gain< Gy ax tmp
temperature, as specified in the relevant detail specification;

as described in b), measure the minimu®y ‘gain Gpin.tmp
temperature, as specified in the relevant detail specification;

the maximum gain variation with temperature AGtmp is given by Formula (1):

AGtmp = Gmax-tmp - Gmin-tmp (dB)

Refer to Figure 3.

measured should be stated.

The gain variation with temperature-may can depend on the signal wavelength, owi
its active fibre characteristics. The wavelength at which the parameter is specified and

aximum gain variation with temperature: The maximum change of signal gain for a certain
becified temperature range. The measurement procedures cand calculations desc

ribed
each

within the variatign of

within the variatign of

(1)

ng to
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g)

h)

oA

z

£

s Gmax—tmp

% o A
o
Q.
S
e
£E
2 Q
c <
iel
ke
©
=
£
3

Gmin—tmp \/
__ Specified temperature range

Tmax Temperaturey(°C)
IEC

min

Figure 3 — Typical behaviour of the gain as a function of temperature

wavelengths at which the gain is N dB below the maximum gain. The gain wavelength
nall be given by the wavelength interval(s) that comprise(s) those wavelengths at
RHe gain is between the maximum gain value andd#he value N dB below the maximum
Clalculations are processed according to the falewing procedure:

1) plot the gain-ef at each wavelength-te-the-gains—ofadjacent-wavelengths as a fun

of wavelength, as shown in Figure 2;

2) draw a horizontal line-A—dB-down-from-the-maximum-gainpeint N dB below the max

gain value;

s ¢

3) the two or more intersectionpoints of this line with the gain profile plotted in 1) yiel
(or more) N dB-down wayelengths, which define the range of the gain wavelength
The wavelength interyal\with the minimum difference in N -dB-down wavelengths i
gain wavelength band-

DTE 2 A value of N =3.is typically applied.

easurement wavelength range as described in d). The gain variation shall be the diffen
btween thesmiaximum and the minimum gain values. Calculations are processed acco
tq the following procedure:

N
Jain wavelength-variation: Measure the maximum gain and minimum gain over the spe
m
b

pletthe gain of each wavelength as shown in Figure 4;

Jain wavelength band: Measure the maximum gain as ‘described in d). Identify those

band
vhich
gain.

ction

mum

i two
and.
s the

cified
ence
rding

1
2))find the maximum gain, G, (dB) within the specified wavelength band,

3) find the minimum gain, G-, (dB) within the specified wavelength band,;

4) calculate the gain wavelength variation, AG, (dB) from Formula (2):

AGX = Gmax-x - Gmin-k (dB)

(2)
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oA
Z Gmax—x
S < A
g c28 .
2 g 2w O
n ORT=s
g >
Ghin- \ Y
. Wavelength band o
’lmin ’lmax

Signal wavelength (nm)
IEG

Figure 4 — Typical behaviour of the gain as a function of wavelength

Qain stability: The maximum degree of gain fluctuation of the maximum and minimum signal
gpin for a certain specified test period, as specified in the relevant detail specification| The
nmeasurement procedure and calculations described belowsshall be followed with reference
tg the measurement set-up for each test method. Refer to\Figure 5 for typical behaviqur of
the gain fluctuation:
1) as for b), measure the maximum gain G,y stagiiity fOr @ certain specified test period, as
specified in the relevant detail specification;
2) as for b), measure the minimum gain G stability fOr @ certain specified test period, as
specified in the relevant detail specification;

3) the gain stability AGgapjity (dB) is given by Formula (3):

AGstapility, )G max-stability = Gmin-stability (dB) (3)
@ A
Z
.% Gmax—stability
> > ZA
g ££ 3
2 N _/\ S B

Gmin—stability

. Test period o
Totart Ty o

Time (s or min)
IEC

Figure 5 — Typical behaviour of the gain fluctuation as a function of time

Polarization-dependent gain: Gain values at the different states of polarization as described
in b). The procedure and calculations are described in each test method.

Gain ripple: Details of the measurement procedures and calculations are described in
IEC 61290-1-1.

Large-signal output stability: The maximum degree of gain fluctuation of the maximum and
minimum output optical power for a certain specified test period, as specified in the relevant
detail specification. The measurement procedure and calculations described below shall be
followed, with reference to the measurement set-up for each test method. Refer to Figure 6
for typical behaviour of the output power fluctuation:


https://iecnorm.com/api/?name=0c753dd739585c54dc23ab49d3ef12e5

IEC 61290-1:2022 RLV © IEC 2022 -1 -

1) as described in a), measure the maximum  output signal power
Pmax-stability for a certain specified test period at a given wavelength and maximum signal
input power, as specified in the relevant detail specification;

2) as  described in a), measure  the minimum  output  signal power
Pmin-stability for a certain specified test period at a given wavelength and maximum signal
input power, as specified in the relevant detail specification;

3) compare Pmax-stability with Pmin-stability’ and subtract Pmin-stability from Pmax-stability to
obtain the large signal output stability;

4) large-signal output stability APgtapility (dB) is given by Formula (4):

APstability = Pmax-stability - Pmin-stability (dB) (4)
€A
m
z
o) P max-stability
3
8 . » 28
— 0= 3
2 | \ 525 ¢
=] .3
) \

Prjin-stability

B Test period _
Tstart Tend

igure 6 — Typical behaviour of the output power fluctuation as a function of time

Time (s or min)
IEC

F

Slturation output power: The measurement procedure described below shall be follpwed
wlith reference to the measurement set-up for each test method. The saturation output power
shall be given by the output power at which the gain is reduced by N dB (typically M = 3)
wlith respect to the small-signal gain at the same signal wavelength. Calculationg are
pltocessed according to the following procedure:
1

plot the gain yersus input power as described in d). Refer to Figure 7 for typical
behaviour of(the’gain;

plot the output power versus input power. Refer to Figure 8 for typical behaviour gf the
output-power;

3) findthe gain G, (dB) which is N -dB smaller than the small signal gain G5, in the ljnear
dain region (see Figure 7);
4y find-the-iput-power i (dBm) that producesthegain 6y

5) find the output power P .5t (dBm) at the input power P;,_¢,: (see Figure 8);

6) P

out-sat 1S the saturation output power.

NOTE 3 A value of N = 3 is typically applied.


https://iecnorm.com/api/?name=0c753dd739585c54dc23ab49d3ef12e5

-12 - IEC 61290-1:2022 RLV © IEC 2022

»
o

max

Signal gain (dB)
Q

N dB

Gsat

Linear
region

Pinsat
Input power (dBm)
IEC

Figure 7 — Typical behaviour of the gain as a function of.input signal power

A

P out-sat

Output signal power (dBm)

.

Pin_sat
Input power (dBm)
IEC

Figure 8 - Typical behaviour of the output power as a function of input signal power
m) NWHMWWLMM&.&M&:LbGd

in each test method.

n) Maximum total output power: The measurement procedure and calculations are described
in each test method.

6 Test results
Festresultsare-asfollows:

The following information and data shall be recorded in the test results.

a) Nominal optical signal power:

The following-details shallbe presented:
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b)

c)

d)

g)

h)

1) arrangement of the test set-up;
2) spectral linewidth (FWHM) of the optical source;

3) indication of the optical pump power and possibly driving current of pump lasers for
OFAs, and injection current for SOAs (if applicable);

4) operating temperature (if required);

5) input signal optical power, Pj,;

6) time-averaged input signal power (if applicable);

7) resolution bandwidth of the optical spectrum analyzer (if applicable);

8j—Tesututiom bamawidthof theetectricat spectrumamatyzer (ifappticabte);

9) FWHM of the optical bandpass filter (if applicable);

1D) central wavelength of the optical bandpass filter (if applicable);

1f1) wavelength of the measurement;

1R)nominal optical signal power levels, P;

1B) change in the state of polarization given to the input signal light:

Gain: Items 1) to 11) listed for nominal optical signal power levelsishall be presented|and:
1R) gain.

Items 5) and 12) may be replaced with the gain versus input-optical signal power curve.
Rleverse gain: Items 1) to 11) listed for gain shall be, presented and:

1R) reverse gain.

Iltems 5) and 12) may be replaced with the reverse gain versus input optical signal power
clirve.

Maximum gain: Items 1) to 11) listed for_gain shall be presented and:

1P) wavelength range of the measuremeént;

1B) maximum gain.

Items 5) and 13) may be replaced with the maximum gain versus input optical signal power
clirve.

Maximum gain wavelength:\*ltems 1) to 11) listed for gain shall be presented and:

1R) wavelength range of the measurement;

1B) wavelength meéasurement-aceuracy uncertainty;

14) maximum gain wavelength.

Items 12) and*14) may be replaced with the gain versus input signal wavelength curvsg.
Maximum-gain variation with temperature: Items 1) to 11) listed for gain shall be pres¢nted
apd:

1) he maximum and minimum gain with temperature, G4y tmo @9 Grmin-tmo-

13) maximum gain variation with temperature.

Gain wavelength band: Items 1) to 11) listed for gain shall be presented and:

12) wavelength range of the measurement;

13) wavelength measurement-aecuracy uncertainty;

14) gain wavelength band;

15) N value chosen for the determination of the wavelength bandwidth.

Iltems 12), 14) and 15) may be replaced with the gain versus input signal wavelength curve.
Gain wavelength variation: Items 1) to 11) listed for gain shall be presented and:

12) wavelength range of the measurement;

13) wavelength measurement-accuracy uncertainty of the optical spectrum analyzer;
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14) gain variation.
ltems 12) and 14) may be replaced with the gain versus input signal wavelength curve.
Gain stability: Items 1) to 11) listed for gain shall be presented and:

12) the maximum and minimum gain, Gy ax_stability 8Nd Gmin-stability;

13) gain stability.

Polarization-dependent gain: Items 1) to 11) listed for gain shall be presented and:

12) polarization dependency of the apparatus for detecting optical power for each test

method;

1B)—_maximum and minmum gaim, Gpo=—"0and Goyinoor;

1) polarization-dependent gain;

b) change in the state of polarization given to the input signal light.
ain ripple:

he following items shall be presented:

arrangement of the test set-up;

type of optical source;

operating temperature (when required);

1
1

€

T

1

2

3

4) case temperature;
5) input signal optical power, P;, (if applicable);

6) resolution bandwidth of the OSA;

7) wavelength of the measurement;

8) injection current (only for SOAs).

Lhrge-signal output stability: Items 1) to\11) listed for gain shall be presented and:
1R) the maximum and minimum output power Pmax_stabi”ty and Pmin-stability;

B) large-signal output stability:

1
Slaturation output power: Items 1) to 11) listed for gain shall be presented and:
1R) saturation figure N;

1

B) saturation gain Ggyy;
1#4) saturation input.power P;,_ g4t
1p) saturation.output power Pg i ¢4t

Maximum output signal power: Items 1) to 11) listed for gain shall be presented and:

—_—

P) maximum output signal power Pg;q_out-max.

Maximum total output power: Items 1) to 11) listed for gain shall be presented and:

12) maximum total output power P, i nax.


https://iecnorm.com/api/?name=0c753dd739585c54dc23ab49d3ef12e5

IEC 61290-1:2022 RLV © IEC 2022 - 15—

Bibliography

IEC 60793-1-1, Optical fibres — Part 1-1: Measurement methods and test procedures — General
and guidance

IEC 60793-1-40, Optical fibres — Part 1-40:.—-Measurement-methods—and test-procedures—

Attenuation measurement methods

IEC 60825-1, Safety of laser products — Part 1: Equipment classification and requirements

IEC §0825-2, Safety of laser products — Part 2: Safety of optical fibre communication systems

(OF(QSs)

IEC 40874-1, Fibre-optic-interconnecting-devices-and-passive-components —Connectofisfor
AN ! ! 5 A 4 oot

IEC 61290-10 (all parts), Optical amplifiers — Test methods — Patty10-X: Multichannel

parameters

IEC TR 61931, Fibre optic — Terminology



https://iecnorm.com/api/?name=0c753dd739585c54dc23ab49d3ef12e5



https://iecnorm.com/api/?name=0c753dd739585c54dc23ab49d3ef12e5

IEC 61290-1:2022-06(en-fr)

IEC IEC 61290-1

o
®

INTERNATIONAL
STANDARD

NORME O

Edition 2.0 2022-06

Q.
INTERNATIONALE SV
r\‘.
Q,
6\(19
&
. . o
Opftlical amplifiers — Test methods — (<
Part 1: Power and gain parameters \\QO

Amplificateurs optiques — Méthodes d’essai -
Partie 1: Paramétres de puissance e gain



https://iecnorm.com/api/?name=0c753dd739585c54dc23ab49d3ef12e5

-2- IEC 61290-1:2022 © |IEC 2022

CONTENTS

FOREWORD ..ottt ettt et e e et et e e et et e e e e e et e e e et e e e e et e e eenns 3
1 oo ] o1 ST 5
P (o] 4 0 =Y (V=T =] (= =Y g o = 5
3  Terms, definitions and abbreviated terms ..o 6

3.1 Terms and definitioNs. .. ... 6

3. AbDreviated Terms ... A [ 6
4 Dptical power and gain test method..........oo N | 6
5 Dptical power and gain parameters .........coooviiiiiiiiiineinei e T e e e 6
6 [eSt reSUILS .oe e N o
BibligGraphy . ... e B .14
Figune 1 — Typical behaviour of the gain as a function of input signahpower .....................[..... 7
Figude 2 — Typical behaviour of the gain as a function of wavelength'..................... ] 7
Figude 3 — Typical behaviour of the gain as a function of tempgrature....................ccoo ], 8
Figune 4 — Typical behaviour of the gain as a function of wavelength ................................|..... 9
Figune 5 — Typical behaviour of the gain fluctuation asafunction of time..........................[..... 9
Figune 6 — Typical behaviour of the output power fluctuation as a function of time ............ ...10
Figude 7 — Typical behaviour of the gain as a function of input signal power ..................... 11

Figune 8 — Typical behaviour of the output pewer as a function of input signal power........ L1



https://iecnorm.com/api/?name=0c753dd739585c54dc23ab49d3ef12e5

IEC 61290-1:2022 © |IEC 2022 -3-

1)

2)

3)

4)

5)

6)

7)

8)

9)

IEC 61290-1 has-been prepared by subcommittee 86C: Fibre optic systems and active dey
of IELC technical committee 86: Fibre optics. It is an International Standard.

This |sécond edition cancels and replaces the first edition published in 2014. This e

HY 4 4 | : L H :
consttures—atecnticarreviston:

INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL AMPLIFIERS — TEST METHODS -
Part 1: Power and gain parameters

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote.ihterna
coloperation on all questions concerning standardization in the electrical and electronic fields. Tothis er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).

rising
tional
d and
ports,
Their

préparation is entrusted to technical committees; any IEC National Committee interested in‘the’subject dedlt with

may participate in this preparatory work. International, governmental and non-governmental ofganizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interpational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

The formal decisions or agreements of IEC on technical matters express, as nearly,as possible, an interna
cohsensus of opinion on the relevant subjects since each technical comnijtiee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international ‘use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made ta. ensure that the technical content

Publications is accurate, IEC cannot be held responsible for th€“yway in which they are used or fg
miginterpretation by any end user.

In|order to promote international uniformity, IEC National~-€Cemmittees undertake to apply IEC Public
transparently to the maximum extent possible in their national‘and regional publications. Any divergence b¢
anly IEC Publication and the corresponding national or regienal publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, accessyto-lEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees andJEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correctapplication of this publication.

At{ention is drawn to the_possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall not be’held responsible for identifying any or all such patent rights.

aising
on for
pns.

tional
bm all

tional
bf IEC
r any
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tween
latter.

prmity
br any

s and
hge or
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r I[EC

bns is

patent

ices,

dition

This edition includes the following significant technical changes with respect to the previous
edition:

a) specification of gain ripple as a new parameter;

b) specification of test method and test report for gain ripple measurements;

c) use of the term “measurement uncertainty” instead of “measurement accuracy”.
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The text of this International Standard is based on the following documents:

Draft Report on voting

86C/1746/FDIS 86C/1783/RVD

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 International Standard is English.

This [document was drafted in accordance with ISO/IEC Directives, Part 2, and develepged in
accofdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement).available
at wyvw.iec.ch/members_experts/refdocs. The main document types developed)by IEC are
descfibed in greater detail at www.iec.ch/publications.

A lisfj of all parts in the IEC 61290 series, published under the general title, Optical amplifiers —
Test |methods, can be found on the IEC website.

The ¢gommittee has decided that the contents of this document wilkfemain unchanged untjl the
stability date indicated on the IEC website under webstore.ig€.ch in the data related tp the
speci|fic document. At this date, the document will be
e rgconfirmed,

e withdrawn,

e r¢placed by a revised edition, or

e amended.
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OPTICAL AMPLIFIERS - TEST METHODS -

Part 1: Power and gain parameters

1 Scope

This part of IEC 61290 applies to all commercially available optical amplifiers (OAs) and

optic
ampl
semi
wave
meth

This
folloy
a)

b) g
C) ré
d)

>

n
e) m
f) m
g) 9
h) g
) 9
P
k) 9

NOTE
under

NOTE

hlly amplified subsystems. It applies to OAs using optically pumped fibres (optical
fiers (OFAs) based on either rare-earth doped fibres or on the Raman_eéf
conductors (semiconductor optical amplifiers (SOAs)), and waveguides (planar o
guide amplifiers (POWAs)). It is specifically directed to single-channel amplifiers.
pds for multichannel amplifiers are defined in the IEC 61290-10 series.

Hocument establishes uniform requirements for accurate and reliablesmeasurements ¢
ving OA parameters, as defined in IEC 61291-1:2018, Clause 3:
bminal output signal power;

Ain;

verse gain;

aximum gain;

aximum gain wavelength;

aximum gain variation with temperature;

Hin wavelength band;

Hin wavelength variation;

hin stability;

blarization-dependent gain;

hin ripple (SOA only);

rge-signal output stability,

bturation output power;

aximum output-sighal power;

aximum totaloutput power.

1 The applicability of the test methods described in this document to distributed Raman amplifiers
study.

2{ Al"numerical values followed by () are suggested values for which the measurement is assured.

valueg

fibre
fect),
ptical
Test

f the

is still

Other

are’acceptable if verified.

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 61290-1-1, Optical amplifiers — Test methods — Part 1-1: Power and gain parameters —
Optical spectrum analyzer method

IEC 61290-1-2, Optical amplifiers — Test methods — Part 1-2: Power and gain parameters —

Elect

rical spectrum analyzer method


https://iecnorm.com/api/?name=0c753dd739585c54dc23ab49d3ef12e5

-6 - IEC 61290-1:2022 © |IEC 2022

IEC 61290-1-3, Optical amplifiers — Test methods — Part 1-3: Power and gain parameters —
Optical power meter method

IEC 61291-1:2018, Optical amplifiers — Part 1: Generic specification

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61291-1 apply.

ISO £nd IEC maintain terminological databases for use in standardization at thexfollqwing
addresses:

e |HC Electropedia: available at http://www.electropedia.org/

e |30 Online browsing platform: available at http://www.iso.org/obp

3.2 Abbreviated terms

ASE amplified spontaneous emission
FWHM  full width at half maximum
OA optical amplifier

OFA optical fibre amplifier

OSA optical spectrum analyzer

POWA planar optical waveguide amplifier
SOA semiconductor optical amplifier

4 OQptical power and gain test method

One pf the three test methods described in IEC 61290-1-1, IEC 61290-1-2, and IEC 6129D-1-3
for quiantifying the optical powerand gain of an OA shall be followed in this document.

The {est method described, inMEC 61290-1-1 determines the optical power and gain by means
of an| optical spectrum analyzer.

The {est method described in IEC 61290-1-2 determines the optical power and gain by means
of an| optical detector and an electrical spectrum analyzer.

The {est method described in IEC 61290-1-3 determines the optical power and gain by means
of an| optical power meter and an optical bandpass filter.

5 Optical power and gain parameters

The parameters listed below are required for gain and power:

a) Nominal output signal power: The nominal output signal power is given by the minimum
output signal optical power for an input signal optical power specified in the relevant detail
specification and under nominal operating conditions given in the relevant detail
specification. To find this minimum value, input and output signal power levels shall be
continuously monitored for a given duration of time and in the presence of changes in the
state of polarization and other instabilities, as specified in the relevant detail specification.
The measurement procedures and calculations are described in each test method.

b) Gain: The measurement procedures and calculations are described in each test method.
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c) Reverse gain: As in b), but with the OA operating with the input port used as an output port

d)

f)

and vice-versa.

Maximum gain: As in b), but use a wavelength-tuneable optical source and repeat all
procedures at different wavelengths in such a way as to cover the wavelength range

specified in the relevant detail specification.

Unless otherwise specified, the wavelength should be changed by steps smaller than

1 nm

() around the wavelength where the ASE spectral profile, observed (e.g. with an optical
spectrum analyzer or a monochromator) without the input signal, takes its maximum value.

NOTE 1 A wavelength measurement uncertainty of 0,01 nm, within the operating wavelength range of the OA,

is attainable with commermally avallable wavelength meters based on interference-fringes countlng techn

he gain values are measured at the different wavelengths as described in b) above
aximum gain shall be given by the highest of all these gain values at nomjnalopern
bndition. Figure 1 shows the typical behaviour of the gain as a function of thetinput s
bwer.

T o034 o0

>

Small-signal gain

Signal gain (dB)

Linear region

Input signal power (d BE)
IEC

Figure 1 — Typical behaviour of the gain as a function of input signal power

Maximum gain wavelength: As'in d), the maximum gain wavelength shall be the wavelg
at which the maximum gainoccurs. Refer to Figure 2 for typical gain behaviour for diff
wavelengths.

>

Maximum gain

N dB

Signalgain (dB)

Gain wavelength band

iques.
inty of

The
ating
ignal

ength
erent

Maximum gain wavelength

e
-

Signal wavelength (nm)
IEC

Figure 2 — Typical behaviour of the gain as a function of wavelength

Maximum gain variation with temperature: The maximum change of signal gain for a certain

specified temperature range. The measurement procedures and calculations desc

ribed
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below shall be followed, with reference to the measurement set-up and procedure for each
test method:

1)

as described in b), measure the maximum gain Gy ax.tmp Within the variation of

temperature, as specified in the relevant detail specification;

as described in b), measure the minimum gain Gpnmp Within the variation of
temperature, as specified in the relevant detail specification;

the maximum gain variation with temperature AGimp is given by Formula (1):

AGimp = Gmax-tmp ~ Omin-tmp (4B) (1)

Refer to Figure 3.

The gain variation with temperature can depend on the signal wavelength; owing o its
active fibre characteristics. The wavelength at which the parameter js specified and
measured should be stated.

oA

z

£

s Gmax—tmp

% 0 [}
o)
Q
S
e
£E
2 Q
c <
iel
ke
@
>
£
3

Gmin—tmp \/
__ Specified temperature range

min Tmax Temperature (°C)
IEC

Figure 3 = TFypical behaviour of the gain as a function of temperature

Jain wavelength band: Measure the maximum gain as described in d). Identify those
wlavelengths.at which the gain is N dB below the maximum gain. The gain wavelength jpand
shall be-given by the wavelength interval(s) that comprise(s) those wavelengths at which
the gain'is between the maximum gain value and the value N dB below the maximum |gain.
Clalculations are processed according to the following procedure:

1)
2)
3)

plot the gain at each wavelength as a function of wavelength, as shown in Figure 2;
draw a horizontal line N dB below the maximum gain value;

the two or more intersection points of this line with the gain profile plotted in 1) yield two
(or more) N dB-down wavelengths, which define the range of the gain wavelength band.
The wavelength interval with the minimum difference in N dB-down wavelengths is the
gain wavelength band.

NOTE 2 A value of N = 3 is typically applied.

Gain wavelength variation: Measure the maximum gain and minimum gain over the specified
measurement wavelength range as described in d). The gain variation shall be the difference
between the maximum and the minimum gain values. Calculations are processed according
to the following procedure:

1)

plot the gain of each wavelength as shown in Figure 4;
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2) find the maximum gain, G,a4.;. (dB) within the specified wavelength band;
3) find the minimum gain, G, (dB) within the specified wavelength band;

4) calculate the gain wavelength variation, AG, (dB) from Formula (2):

AGK = Gmax-x - Gmin-k (dB) (2)

oA

Z Gmax—x

i =2 =

5 N c58 &

n ORT=s
T >
2

Ghin- \ Y
. Wavelength band -
’lmin ’lmax

Signal’'wavelength (nm)
IEC

Figure 4 — Typical behaviour of the gaify as a function of wavelength

i) Qain stability: The maximum degree of gain fluctuation of the maximum and minimum gignal
ghin for a certain specified test period, as specified in the relevant detail specification| The
nmeasurement procedure and calculations.described below shall be followed with referlence
tg the measurement set-up for each test method. Refer to Figure 5 for typical behaviqur of
the gain fluctuation:
1) as for b), measure the maximum gain G,y stapility fOr @ certain specified test period, as
specified in the relevant détail specification;

2) as for b), measure the minimum gain Gpin_stability fOr @ certain specified test period, as
specified in the relevant detail specification;

3) the gain stability)AGgapijity (dB) is given by Formula (3):

AGstapility = Gmax-stability = Gmin-stability (dB) (3)
|
.% Gmax—stability
k=) e~ =
g /N/ \_/\% E ig
D ] 06 »
& \ = 2 Y

Gmin—stability

. Test period o
Tstart Tend

Time (s or min)
IEC

Figure 5 — Typical behaviour of the gain fluctuation as a function of time

j) Polarization-dependent gain: Gain values at the different states of polarization as described
in b). The procedure and calculations are described in each test method.
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k) Gain ripple: Details of the measurement procedures and calculations are described in
IEC 61290-1-1.

Large-signal output stability: The maximum degree of gain fluctuation of the maximum and
minimum output optical power for a certain specified test period, as specified in the relevant
detail specification. The measurement procedure and calculations described below shall be
followed, with reference to the measurement set-up for each test method. Refer to Figure 6
for typical behaviour of the output power fluctuation:

1)

1)

as described in a), measure the maximum  output signal power
Prmax-stability for a certain specified test period at a given wavelength and maximum signal

input power, as specified in the relevant detail specification;

igure 6 — Typical behaviour of the output power fluctuation as a function of time

as described in a), measure the minimum  output  signal ower
Prin-stability for a certain specified test period at a given wavelength and maximum-signal

input power, as specified in the relevant detail specification;

compare Pmax-stability with Pmin-stability’
obtain the large signal output stability;

and subtract Pmin-stability from Pmax-stability to

large-signal output stability APtapility (dB) is given by Formula (4):

APstability = Pmax-stability - Pmin-stability (dB) (4)
A
m
S
’g P max-stability
= = 3
s L N—_ £35 3
o A
Prjin-stability
B Testperiod _
Tstart Tend

Time (s or min)
IEC

aturation output power: The measurement procedure described below shall be follpwed

nall begiven by the output power at which the gain is reduced by N dB (typically M = 3)
ith respect to the small-signal gain at the same signal wavelength. Calculationg are
ro€essed according to the following procedure:

3)

4)
5)
6)

F
S
wlith reference to the measurement set-up for each test method. The saturation output power
s
W
p
1

plot the gain versus input power as described in d). Refer to Figure 7 for typical
behaviour of the gain;

plot the output power versus input power. Refer to Figure 8 for typical behaviour of the
output power;

find the gain G4 (dB) which is N dB smaller than the small signal gain G5, in the linear
gain region (see Figure 7);

find the input power P dBm) that produces the gain G

in-sat ( sat’

find the output power P .5t (dBm) at the input power P;, o, (see Figure 8);

P is the saturation output power.

out-sat

NOTE 3 A value of N = 3 is typically applied.
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»
o

max

Signal gain (dB)
Q

N dB

Gsat

Linear
region

Pinsat
Input power (dBm)
IEC

Figure 7 — Typical behaviour of the gain as a function of.input signal power

A

P out-sat

Output signal power (dBm)

Pin_sat -
Input power (dBm)
IEC

igure 8 - Typical behaviour of the output power as a function of input signal power
n) NMWWWW@MMMIbed

in each test method.

I

0) Maximum total output power: The measurement procedure and calculations are described
in each test method.

6 Test results

The following information and data shall be recorded in the test results.

a) Nominal optical signal power:
1) arrangement of the test set-up;
2) spectral linewidth (FWHM) of the optical source;
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d)

f)

g)

h)
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3) indication of the optical pump power and possibly driving current of pump lasers for
OFAs, and injection current for SOAs (if applicable);

4) operating temperature (if required);

5) input signal optical power, Pju;

6) time-averaged input signal power (if applicable);

7) resolution bandwidth of the optical spectrum analyzer (if applicable);
8) resolution bandwidth of the electrical spectrum analyzer (if applicable);
9) FWHM of the optical bandpass filter (if applicable);

1p)centratwavetengtirof theopticat bamdpass fitter (ifappticabte);

1) wavelength of the measurement;

1R)nominal optical signal power levels, P;

1B) change in the state of polarization given to the input signal light.

Gain: Items 1) to 11) listed for nominal optical signal power levels shall\be”presented and:
1R) gain.

Iltems 5) and 12) may be replaced with the gain versus input optical’'signal power curve.
Rleverse gain: Items 1) to 11) listed for gain shall be presented and:

1R) reverse gain.

Iltems 5) and 12) may be replaced with the reverse gain‘versus input optical signal power
clirve.

Maximum gain: Items 1) to 11) listed for gain shall be presented and:

1R) wavelength range of the measurement;
1B) maximum gain.

Iltems 5) and 13) may be replaced with.the maximum gain versus input optical signal power
irve.

c
Maximum gain wavelength: Items, 1) to 11) listed for gain shall be presented and:
1R) wavelength range of the/measurement;

1B) wavelength measurement uncertainty;

1#) maximum gain wavelength.

Items 12) and 14)may be replaced with the gain versus input signal wavelength curvd.

Maximum gain.variation with temperature: Items 1) to 11) listed for gain shall be presénted
aphd:

1R) the maximum and minimum gain with temperature, G and G

max-tmp min-tmp:

1B) , maximum gain variation with temperature.

(Gain“wavelength band: Items 1) to 11) listed for gain shall be presented and:

12) wavelength range of the measurement;

13) wavelength measurement uncertainty;

14) gain wavelength band;

15) N value chosen for the determination of the wavelength bandwidth.

ltems 12), 14) and 15) may be replaced with the gain versus input signal wavelength curve.
Gain wavelength variation: Items 1) to 11) listed for gain shall be presented and:

12) wavelength range of the measurement;

13) wavelength measurement uncertainty of the optical spectrum analyzer;

14) gain variation.

ltems 12) and 14) may be replaced with the gain versus input signal wavelength curve.
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i)

k)

0)

Gain stability: Items 1) to 11) listed for gain shall be presented and:

12) the maximum and minimum gain, G and G

max-stability min-stability;

13) gain stability.
Polarization-dependent gain: Items 1) to 11) listed for gain shall be presented and:

12) polarization dependency of the apparatus for detecting optical power for each test

method;

13) maximum and minimum gain, Gmax-pol and Gmin-pols

—
A W

) polarization-dependent gain;

b) change in the state of polarization given to the input signal light.
ain ripple:
he following items shall be presented:
arrangement of the test set-up;
type of optical source;
operating temperature (when required);
case temperature;
input signal optical power, P;, (if applicable);
resolution bandwidth of the OSA;
wavelength of the measurement;
injection current (only for SOAs).
Arge-signal output stability: Items 1) to 11) listed for gain shall be presented and:

A - 0 N oD WN o

P) the maximum and minimum output PQWer Py stability 3Nd Prin-stability;

B) large-signal output stability.

aturation output power: Items 1) to@1) listed for gain shall be presented and:
D) saturation figure N;

= a (H =

B) saturation gain Gggy;

—_

1) saturation input poweriP; _c.+;

—_

b) saturation output.power Py i sat.

=<

aximum output signal power: Items 1) to 11) listed for gain shall be presented and:

—_

P) maximuymioutput signal power Pgjg_out-max.

Maximum.total output power: Items 1) to 11) listed for gain shall be presented and:
1

D) , maximum total output power Py i max.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

AMPLIFICATEURS OPTIQUES - METHODES D’ESSAI -
Partie 1: Paramétres de puissance et de gain

AVANT-PROPOS
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Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation eomjposée
I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour, objet de
oriser la coopération internationale pour toutes les questions de normalisation dans les “domaines de
ectricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes internationales,
5 Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) gt des
ides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des comités d'étudefs, aux

int]
tr

copditions fixées par accord entre les deux organisations.

vaux desquels tout Comité national intéressé par le sujet traité peut participér.” Les organisftions
rnationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent égalemept aux
aux. L’IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), selop des

Lep décisions ou accords officiels de I'|EC concernant les questions techniques.représentent, dans la mespre du
popgsible, un accord international sur les sujets étudiés, étant donné que les €omités nationaux de I'l[EC intéfessés

soht représentés dans chaque comité d’études.

référencées est.obligatoire pour une application correcte de la présente publication.

2)

3) Le
co
s'3
I'é

4) D3
me
et
ré

5) L'l
fo
co
ing

6) To

7) Au
y
po
na
dé
ou

8) L's

9) L’
dr

L’IEQ

optiq

Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agréées
mme telles par les Comités nationaux de I'lEC. Tous les efforts naisonnables sont entrepris afin qugq I'lEC
ssure de I'exactitude du contenu technique de ses publications; I'l[EC ne peut pas étre tenue responsaple de
entuelle mauvaise utilisation ou interprétation qui en est faiteypar un quelconque utilisateur final.

ns le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans tdute la
sure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications natipnales
régionales. Toutes divergences entre toutes Publications de I'l[EC et toutes publications nationales ou
ionales correspondantes doivent étre indiquées efi’termes clairs dans ces derniéres.

FC elle-méme ne fournit aucune attestation de-‘conformité. Des organismes de certification indépenpdants
rnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marques de
hformité de 'lEC. L’IEC n'est responsable'd’aucun des services effectués par les organismes de certification
épendants.

us les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|

cune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandataires,
ompris ses experts particuliers\et les membres de ses comités d'études et des Comités nationaux de|l'lEC,
ur tout préjudice causé en, cas de dommages corporels et matériels, ou de tout autre dommage de qdielque
ure que ce soit, directe qu indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépgenses
coulant de la publication~ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de|l'lEC,
au crédit qui lui est'accordé.

ttention est attirée~sur les références normatives citées dans cette publication. L'utilisation de publigations

ttention est\attirée sur le fait que certains des éléments du présent document de I'lEC peuvent faire I'oljjet de
its de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2014. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition

précédente:

a) spécification de I’ondulation du gain en tant que nouveau parameétre;

b) spécification de la méthode d’essai et du rapport d’essai pour les mesures d’ondulation du
gain;

c)

utilisation du terme “incertitude de mesure” au lieu de “précision de mesure”.
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Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
86C/1746/FDIS 86C/1783/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a son approbation.

La langue employée pour I'élaboration de cette Norme internationale est I'anglais.

Ce dpcument a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé selgn les
Diredtives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles [sous
www(iec.ch/members_experts/refdocs. Les principaux types de documents développés par
I'lEC|sont décrits plus en détail sous www.iec.ch/publications/.

Une |liste de toutes les parties de la série IEC 61290, publiées sous-le titre gépéral
Amplificateurs optiques — Méthodes d’essai, peut étre consultée sur le site web de I'lEC.

Le cgmité a décidé que le contenu de ce document ne sera pas modjfié avant la date de stgbilité
indigpée sur le site web de I'lEC sous webstore.iec.ch dans les dopnées relatives au document
rechgrché. A cette date, le document sera

—

¢conduit,
e slpprimée,

—

emplacé par une édition révisée, ou

e amendé.
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AMPLIFICATEURS OPTIQUES - METHODES D’ESSAI -

Partie 1: Paramétres de puissance et de gain

1 Domaine d’application

La présente partie de 'IEC 61290 s’applique a tous les amplificateurs optiques (AO) et sous-
systg§mes a amplification optique, disponibles sur le marché. Elle s’applique aux AO utif‘isant
des fibres pompées optiquement (amplificateurs a fibres optiques (AFO) basés sur_des fibres
dopégs aux terres rares ou sur I'effet Raman), des semiconducteurs (amplificateurs\optiqlies a
semigonducteurs (SOA)), et des guides d’ondes (amplificateurs a guide d’ondes optiques
planaires (POWA)). Elle est spécifiquement centrée sur les amplificateurs a un seul canall. Les
méthpdes d'essai pour les amplificateurs a canaux multiples sont définies dans la [série
IEC 61290-10.

Le pnésent document établit des exigences uniformes pour des mesures précises et fiableg des

parameéetres d’AO donnés ci-dessous, tels qu’ils sont définis dans_I'lEC 61291-1:2018, Arti¢le 3:
a) phlissance nominale du signal de sortie;

b) gfin;

C) gpin inverse;

d) gpin maximal;

e) Idngueur d’onde du gain maximal;

f) variation maximale du gain en fonction déla température;

ande de longueur d’onde du gain;

briation du gain en fonction de la-longueur d’onde;

v
b
v

i) stabilité du gain;
gpin dépendant de la polarisation;
opdulation du gain (SOA uhiquement);
stabilité de sortie grands signaux;

m) plissance de sortie en saturation;

n) phissance maximale du signal de sortie;

0) plissancé de sortie totale maximale.

NOTE|1 ,Lapplicabilité des méthodes d’essai décrites dans le présent document a des amplificateurs a effet Raman
répart|s\est-toujours a I'étude.

NOTE 2 Toutes les valeurs numériques suivies de () sont des valeurs suggérées, pour lesquelles la mesure est
assurée. D’autres valeurs sont acceptables, a condition d'étre vérifiées.

2 Références normatives

Les documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou partie
de leur contenu, des exigences du présent document. Pour les références datées, seule
I’édition citée s’applique. Pour les références non datées, la derniére édition du document de
référence s'applique (y compris les éventuels amendements).

IEC 61290-1-1, Amplificateurs optiques — Méthodes d'essai — Partie 1-1: Paramétres de
puissance et de gain — Méthode de l'analyseur de spectre optique
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IEC 61290-1-2, Amplificateurs optiques — Méthodes d'essai — Partie 1-2: Paramétres de
puissance et de gain — Méthode de I'analyseur de spectre électrique

IEC 61290-1-3, Amplificateurs optiques — Méthodes d'essai — Partie 1-3: Parametres de
puissance et de gain — Méthode par appareil de mesure de la puissance optique

IEC 61291-1:2018, Amplificateurs optiques — Partie 1: Spécification générique

3 Termes, définitions et termes abrégés

3.1 Termes et définitions

Pour|les besoins du présent document, les termes et définitions de I'lEC 61291-1 s'appliguent.

L'ISQ et I'lEC tiennent & jour des bases de données terminologiques destinées.a étre util{sées
en ngrmalisation, consultables aux adresses suivantes:

o |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

$0 Online browsing platform: disponible a I'adresse http://www.j$0.0org/obp

3.2 | Termes abrégés
ASE (amplified spontaneous emission) émission spontanée amplifiée
FWHM  (full width at half maximum) largeur a mi-hauteur

AO amplificateur optique
AFO amplificateur a fibres optiques
OSA (optical spectrum analyzer) analysgur de spectre optique

POWA  (planar optical waveguide amplifief) amplificateur a guide d’ondes optique planpire
SOA (semiconductor optical amplifier) amplificateur optique a semiconducteurs

4 Méthode d'essai de puissance optique et de gain

Une fes méthodes d’essai, décrites dans I'lEC 61290-1-1, I'lEC 61290-1-2 et I'lEC 61290-1-3,
en vyie de quantifier la_puissance optique et le gain d'un AO, doit étre suivie dans le prg¢sent
document.

La mgthode d’essai décrite dans I'lEC 61290-1-1 détermine la puissance optique et le gafin au
moygn d’un analyseur de spectre optique.

La mgthode d’essai décrite dans I'lEC 61290-1-2 détermine la puissance optique et le gafin au
moyeF1 d’un détecteur optique et d'un analyseur de spectre électrique.

La méthode d’essai décrite dans I'l|EC 61290-1-3 détermine la puissance optique et le gain au
moyen d'un appareil de mesure de la puissance optique et d'un filtre passe-bande optique.

5 Parameétres de puissance optique et de gain

Les parameétres énumérés ci-dessous sont exigés quant au gain et a la puissance:

a) Puissance nominale du signal de sortie. La puissance nominale du signal de sortie est
donnée par la puissance optique minimale du signal de sortie, pour une puissance optique
du signal d’entrée spécifiée dans la spécification particuliere applicable, et dans des
conditions de fonctionnement nominales, données dans la spécification particuliére
applicable. Pour trouver cette valeur minimale, les niveaux de puissance du signal d’entrée
et du signal de sortie doivent étre contrélés continuellement pendant une durée donnée et
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b)
c)

d)

e)

en présence de variations de I'état de polarisation et d’autres instabilités, comme cela est
spécifié dans la spécification particuliére applicable. Les procédures de mesure et les
calculs sont décrits dans chaque méthode d'essai.

Gain: Les procédures de mesure et les calculs sont décrits dans chaque méthode d'essai.

Gain inverse: Comme en b), mais avec I’AO fonctionnant avec le port d’entrée utilisé comme
port de sortie et vice versa.

Gain maximal. Comme en b), mais utiliser une source optique de longueur d'onde
accordable et répéter toutes les étapes a différentes longueurs d'onde de maniére a couvrir
toute la plage de longueurs d'onde indiquée dans la spécification particuliére applicable.

Sauf spécification contraire, il convient que la longueur d'onde soit modifiée par pas
inférieurs a 1 nm (1), autour de la longueur d'onde a laquelle le profil du spectre d'ASE,
opservé (par exemple avec un analyseur de spectre optique ou un monochromateur) |sans
Id signal d’entrée, prend sa valeur maximale.

DTE 1 Une incertitude de mesure de la longueur d'onde de 0,01 nm, dans la plage de longuéurs d’orjde de
nctionnement de I’AO, peut étre obtenue avec des appareils de mesure de la longueur d’ende disponible$ dans
commerce, basés sur des techniques de comptage de franges d'interférence. Certains appareils de mesure
ec diode laser a cavité externe accordable fournissent une incertitude de mesure de“la longueur d'orlde de
2 nm.

Bcrites en b) ci-dessus. Le gain maximal doit étre donné par la-plus grande de ces valeurs
£ gain aux conditions de fonctionnement nominales{ La Figure 1 représenfe le

N

fo

le

a

0

Les valeurs de gain sont mesurées a différentes valeurs de longueurs d'onde telleg que
d

d

cpmportement typique du gain en fonction de la puissance@u signal d’entrée.

A

Gain petits signaux

Gain du signal (dB)

Région linéaire

Y

Puissance du signal d'entrée (dBE)
IEC

Figure 1 — Comportement typique du gain en fonction
de la puissance du signal d’entrée

-

bngueur dionde du gain maximal: Comme en d), la longueur d'onde du gain maximal doit
re la-loangueur d'onde a laquelle le gain maximal se produit. Se reporter a la Figure 2|pour
comportement du gain typique pour différentes longueurs d'onde.

o @
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gnal pour une certaine plage de températures spécifiée. Les procedures de mesure
blculs décrits ci-dessous doivent étre suivis, en se référant-au montage de mesure e
focédure de mesure pour chaque méthode d'essai:

ariation maximale du gain en fonction de la température: Variation’ maximale du ga%n du

o A _ .

) Gain maximal

©

5 ot

[} ©
=

=) Y

£

©

V]

Bande de longueur d’onde du gain
v Congueur d'onde du gain maximal v

Longueur d’onde du signal (nm)
IEC

Figure 2 — Comportement typique du gain en fonction de la longueur d'onde

tles
ala

comme cela est décrit en b), mesurer le gain maximal G ay.tmp dans les limites de la
variation de température, telle que stipulée dansdla spécification particuliere applicable;

comme cela est décrit en b), mesurer le gain minimal Gy,;,_tmp dans les limites de la
variation de température, telle que stipulée:dans la spécification particuliére appliciable;

la variation maximale du gain en fonction de la température AGtmp est donnée gar la
Formule (1):

AGtmp < Gmax-tmp - Gmin-tmp (dB) (1)

Se reporter a la Figure 3.

La variation du gain €n;fonction de la température peut dépendre de la longueur d'onde
du signal en raison de ses caractéristiques de fibres actives. Il convient d’étalflir la
longueur d'ondetallaquelle le paramétre est spécifié et mesuré.
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