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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CALIBRATION OF TUNEABLE LASER SOURCES

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
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idition to other activities, IEC publishes International Standards, Technical Specifications, TechnicalH

aration is entrusted to technical committees; any IEC National Committee interested in the subject de
participate in this preparatory work. International, governmental and non-governmental organizations
the IEC also participate in this preparation. IEC collaborates closely with the Internatiohal Organiza
dardization (ISO) in accordance with conditions determined by agreement between the.two organizg

formal decisions or agreements of IEC on technical matters express, as nearly as’possible, an inter
sensus of opinion on the relevant subjects since each technical committee,has representation
ested IEC National Committees.

mittees in that sense. While all reasonable efforts are made to ensure that the technical content
ications is accurate, IEC cannot be held responsible for the way(in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
sparently to the maximum extent possible in their national and~tegional publications. Any divergence H
IEC Publication and the corresponding national or regional’publication shall be clearly indicated in th

itself does not provide any attestation of conformity.\lndependent certification bodies provide co
pssment services and, in some areas, access to IEC.unarks of conformity. IEC is not responsible
ices carried out by independent certification bodies;

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

iability shall attach to IEC or its directors,-employees, servants or agents including individual expe
hbers of its technical committees and IEC\National Committees for any personal injury, property dar
r damage of any nature whatsoever, Whether direct or indirect, or for costs (including legal fe
bnses arising out of the publicationy use of, or reliance upon, this IEC Publication or any ot}
ications.

ntion is drawn to the Normative.references cited in this publication. Use of the referenced publicd
Epensable for the correct application of this publication.

draws attention to the‘\possibility that the implementation of this document may involve the us
ect thereof. As of the.date of publication of this document, IEC had not received notice of (a) patent(s
be required to implement this document. However, implementers are cautioned that this may not re

atest informationy ‘which may be obtained from the patent database available at https://patents.iec.
| not be held responsible for identifying any or all such patent rights.
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IEC 62522 has been prepared by 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

consti

tutes a technical revision.

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

a) ad
b) ad

c) clgrification of the reference power meter settings in 6.2.3 and 6.3.2.3.

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

Full in

The lgnguage used for the development of this International Standard is English.

This d
accorq
at ww

descri

dition of references to IEC 61315;

dition of Table 1 and Table 2 on uncertainties;

Draft Report on voting

86/639/FDIS 86/643/RVD

ocument was drafted in accordance with ISQ/IEC Directives, Part 2, and develo

w.iec.ch/members_experts/refdocs. The .main document types developed by IE
bed in greater detail at www.iec.ch/publications.

formation on the voting for its approval can be found in the report on voting indicated in
the ablove table.

bed in

ance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available

C are

The committee has decided that the conténts of this document will remain unchanged until the

stabili
specif]

e red

e withdrawn, or

e e

y date indicated on the IEC website under webstore.iec.ch in the data related
c document. At this date, the document will be

onfirmed,

ised.

to the

that

IMP(C

of its contents. Users should therefore print this document using a colour printer

DPRTANT~"The "colour inside" logo on the cover page of this document indig
t contains colours which are considered to be useful for the correct understarn

tates
ding
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INTRODUCTION

Wavelength-division multiplexing (WDM) transmission systems have been deployed in optical
trunk lines. ITU-T Recommendations in the G.694 series describe the frequency and wavelength
grids for WDM applications. For example, the frequency grid of ITU-T Recommendation G.694.1
supports a variety of channel spacing ranging from 12,5 GHz to 100 GHz and wider. WDM
devices, such as arrayed waveguide grating (AWG), thin film filter or grating based multiplexers
(MUX), and demultiplexers (DMUX) with narrow channel spacing are incorporated in the WDM
transmission systems. When measuring the characteristics of such devices, wavelength
tuneable laser sources are commonly used and are required to have well-calibrated
performances; wavelength uncertainty, wavelength tuning repeatability, wavelength stability,

d et aontical noanvar ctabilifv, ora e art ot N oot oo
an (0] PO T oOpPTCaT P oW eT StaoTity arc porttartt pararictecros

The tuneable laser source (TLS) is generally equipped with the following features:

a) the output wavelength is continuously tuneable in a wavelength range starting at 1 260 nm
or jhigher and ending at less than 1 675 nm (the output should excite only the fundafnental
LP01 fibre mode);

b) an]output port for optical fibre connectors.
The epvelope of the spectrum is a single longitudinal mode with g, full-width at half-makimum

(FWHM) of at most 0,1 nm. Any adjacent modes are at least 20:dB lower than the main spectral
mode [(for example, a distributed feedback laser diode (DFB-LD), external cavity laser, €ftc.).
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CALIBRATION OF TUNEABLE LASER SOURCES

Scope

This document provides a stable and reproducible procedure to calibrate the wavelength and
power output of a tuneable laser against reference instrumentation such as optical power
meters and optical wavelength meters (including optical frequency meters) that have been

previously traceably calibrated.

2 Normative references

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

IEC 60793-2-50, Optical fibres — Part 2-50: Product specifications-~ Sectional specificatjon for
class B single-mode fibres

IEC 60825-1, Safety of laser products — Part 1: Equipment classification and requiremerits
IEC 60825-2, Safety of laser products — Part 2: Safety of optical fibre communication s)istems
(OFC$s)

IEC 61315, Calibration of fibre-optic powerimeters

IEC 62129-2, Calibration of wavelength/optical frequency measurement instruments — Part 2:
Michelson interferometer single wavelength meters

ISO/NBC 170258 Gaonoral raniraomente for tha ecamnaotoancra nf tacting and ecalilratinn
TR~ T UEY, T TUNATT U TTITUTITS L A YT eteiToe e teotity “rre TRt ToTT
[oberdiesios

ISO/IHC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expresgion of
uncerfainty in measurement (GUM:1995)

ISO/NHC Guide_090-2007  International vocabulary of - metrology. Bacie and aeneral cobecepts
ISONBC-Guide-99:2007 {International vocabulary-of-metrology —Basic-and-general-copcepts
and-a$sociated-terms-{(\VM)

3 Terms, definitions, and abbreviated terms

3.1
For th

Terms and definitions

e purposes of this document, the following terms and definitions apply.

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

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

ISO Online browsing platform: available at https://www.iso.org/obp
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accredited calibration laboratory
calibration laboratory authorized by an appropriate national organization to issue calibration
certificates that demonstrates traceability to national standards

3.1.2

adjustment
set of operations carried out on an instrument in order that it provides given indications
corresponding to given values of the measurand

Note 1 to entry: For more information, see ISO/IEC Guide 99:2007, 3.11.

e e B O S00E0 200000 2 08 0 padiindl ines ndliedial ehonon ornlonie olel e
NOTE]

[SOURCE: IEC 60050-311:2001, 311-03-16, modified — Domain deletedl, words "meafsuring
instrument" deleted in the definition, and omission of the Note to entry{th€rein.]

3.1.3

calibrption

set of pperations that establish, under specified conditions, the relationship between the yalues

of que

standards

Note 1
the detq

Note 2
quantiti

Note 3
calibrat

rmination of corrections with respect to the indications:

ES.

o entry: The result of a calibration-maycan be recorded in a document, called a calibration certific
on report.

o entry: See also ISO/IEC Gujde,99:2007, 2.39.

ntities indicated by a measuring instrument and the Corresponding values realized by

o entry: The results of a calibration permit either the assignment of measurand values to the indications or

o entry: A calibration-may can also determine*ather metrological properties such as the effects of irffluence

bte or a

3.1.4
calibr
condit|

3.1.5
calibr

CE-ISO/EC Guide 90*92NQ7
ot o StHGEe S5 oo

N

pation conditions
ons of measurement in which the calibration is performed

ption at reference conditions

o
<
w

calibration which includes the evaluation of the uncertainty at reference conditions of the light
source under calibration

3.1.6
calibr

ation at operating conditions

calibration which includes the evaluation of the uncertainty at operating conditions of the light
source under calibration

3.1.7

level of confidence
estimated probability that the true value of a measured parameter lies in the given range
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WattSy

Hherin

Her—h

a0

lin?

lin’

n

Formathematical-treatmentallmeasurementresults should be expnressed-inlnearunits{e-d—watts)
Fo-mathematcartreatieRta-measurementresuis-shotabe-expresseath-Hhear uhnis{e-g-

Ay

O

This—is recommended because the accumuldtion—of

HHS—15—FeCOMMEeRGea—/meCausSeRe—aCCHMU@HOR—0+

Faty—hay-——o

HAa-StEateheRt—orahi—uh

SHHSISsHatte gt Canry—GHHGH

1SO-80000~3and IEC 60027-3 should be consulted forfurther details—The rules of IEC 600R7-3 do

HeHHEeSoHE= \SA~a~ =3

oRstHtea+rortdReraetahs

o= IS SHOHHED

ASA-A~A~A~ |

Ay

O

However-the unit- svmbol-dBm—is—accepted-in-this-—standard -becadse-itis
HOWe Ve e—dhiHt—SymoorGeMmM 1S aCeepte a1t HS SIEaRGaraovecaysSeiS

measured by the reference power meter

meas’

factor used to calculate the expanded uncertainty U from the standard uncertainty u

IEC 62522:2024 RLV © IEC 2024

coverage factor

3.1.8
k

The-ling

Sirmi ‘

Note 2 {o-entr\-
= -

NOt

and-alll uncertainties—should be expressed in-linear form

SR G—ah R EE eSS —SHOUtG—REe—EeXpRESSEG—H—HRear—oH=

unpcertajnties—inlogarithmicunits—isimathematicallyvdifficult—The final statement of an-uncertaintymay-be

o

FaH eSS Hh—ogatit

Note-3-to-entry-

NOt

>

differgnce” between the set power of the light source under calibration, Pr g, ard the

corresponding reference power, P

. 5 T iy

ROt—PpefiitatiaCRHe S0 Ui—SY oS

not-permit attachments taunit svymbols

optical poweér-deviation

Dp

meas

-P

PrLs

Pmeas

This deviation is relative, it has no unit (it can be expressed in %).

Power P is expressed in linear units, for example W.
appropriate set of specified ranges of values with influence quantities usually wider than the

reference conditions for which the uncertainties of a measuring instrument are specified

Note 1 to entry:
Note 2 to entry:
operating conditions

3.1.10
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Note 1 to entry: Operating conditions and the uncertainty at operating conditions are usually specified by the
manufacturer for the convenience of the user.

3.1.11

reference conditions

conditions used for testing the performance of a measuring instrument or for the
intercomparison of the measurement results

Note 1 to entry: Reference conditions generally include reference values or reference ranges for the quantities
influencing and affecting the measuring instrument.

3.1.12

side- ion ratio
SMS
peak power ratio between the main mode spectrum and the largest side mode spectrum in a

singletmode laser diode such as a DFB-LD

Note 1 fo entry: Side-mode suppression ratio is usually expressed in dB.

3.1.13
wavelength
wavelength (in a vacuum) of a light source

3.1.14L
wavelength deviation
D,

A
differgnce between the target wavelength, set on the/light source under calibration, i1k, and

the megasured wavelength, Ao, in NmM or ym

Dy =A1t's — Mmeas

3.2 |Abbreviated terms

APC angled physical contact

AWG arrayed waveguide“grating
DFB-UD distributed feedback laser diode
DMUX demultiplexers

FWHN full-width4at half-maximum

MUX multipléxers

O/E optical-electrical

OSA optical spectrum analyser

RIN relative intensity noise

SMSR side-mode suppression ratio
TLS tuneable laser source

WDM wavelength-division multiplexing

4 Preparation for calibration

4.1 Organization
- i ion | iof . £ 1ISOUEC 17025

The calibration laboratory should ensure that suitable requirements for calibration are followed.

NOTE Guidance about good practices for calibration can be found in ISO/IEC 17025.
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There-shall should be a documented measurement procedure for each type of calibration
performed, giving step-by-step operating instructions and equipment to be used.

4.2

Traceability

The requirements of ISOHEC 17025 should be met:

The calibration laboratory should ensure that suitable requirements are followed.

NOTE

It is 3
perfor
any ot
calibrg

4.3

Guidance about good practices for calibration can be found in ISO/IEC 17025.

dvisable to maintain more than one standard on each hierarchical level, so th
mance of the standard can be verified by comparisons on the same level: Make su
her calibration equipment which have a significant influence on the-calibration resu
ted.

Preparation

ented
ration

lat the
e that
Its are

The environmental conditions shall be commensurate with the level of uncertainty that is

requir

a) ca
b) ten
c) all

d) the
su

op

The r

equipt
equilik

bd for calibration:

ibrations shall be carried out in a clean environment;
hperature monitoring and control is required;
laser sources shall be safely operated (according to IEC 60825-1 and IEC 60825-

output of the TLS should be examined-with an optical spectrum analyser (OSA)
ficient resolution to resolve the lofigitudinal mode structure to check for single
eration.

hent—a—minimum—of-2-h. enough time prior to testing (2 h is recommended) to

manufiacturer's instructions.

4.4

The re
their t
optica
bandw
a sing

Reference calibration conditions

plerance bands: date, temperature, relative humidity, atmospheric pressure, dis
power, displayed wavelength, fibre, connector-adapter combination, (sp
idth\and resolution bandwidth (spectral resolution) set. Unless otherwise specifie

P);

having
mode

pcommended temperature. is~23 °C, for example, (23 + 2) °C. Give the calibration

reach

rium within its environment. Allow the TLS a warm-up period in accordance with the

ference calibration conditions usually include the following parameters and, if necgssary,

blayed
bctral)
d, use

lesmode optical fibre category B1.1 or B1.3 pigtail as—preseribed—by speciffed in

IEC 6

793-2-50, having a length of at least 2 m. It is desirable to perform all the calibra

tion in

a situation where back-reflections are negligible. Thus, angled connectors and isolators should
be used wherever the situation permits.

Opera

te the TLS in accordance with the manufacturer's specifications and operating
procedures. Where practical, select a range of calibration conditions and parameters that
emulate the actual field operating conditions of the TLS under calibration. Choose these
parameters to optimize the tuneable laser source's accuracy, as specified by the manufacturer's
operating procedures.

Document the conditions as specified in Clause 7.

NOTE

The calibration results only apply to the set of calibration conditions used in the calibration process.
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5.1

Overview
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The factors making up the uncertainty in the wavelength of the light source under calibration
consist of:

a) the intrinsic uncertainty of the light source under calibration as found in the calibration at

reference conditions,

conditions, and;

including temperature and time dependences for these tight

b) the uncertainties due to dependences on optical power, temperature and time as found in

th

The lig

The W
5.2, is

| HN i 4 1o <l ' U
ovaliurativitio at vituaucl Upclallllu CUITITUTLIVUITOS ..

t of the source of uncertainty is summarized in Table 1.

Table 1 — Source of uncertainty for wavelength calibration

Source of uncertainty Type of origin Symbol
Repeatability Measurement 5)
J
Temperature Environment u
4,00
Stability Light source under calibration UPEIN
»j, A
Wavelength resolution Reference wavélength meter Uy res
j!
Wavelength meter calibration Reference®wavelength meter UWM
4
Optical power Light source under calibration u, p
7

avelength calibration at reference conditions for discrete wavelengths, as descri
mandatory. The calibration at operating conditions, described in 5.3, is optional.

bed in

ler the

5.2 |Wavelength calibration at reference conditions
5.21 Set-up
Figurd 1 showsia-system for wavelength calibration. The calibration is performed und
given feference conditions.
7 =T
L .. — 1]
Optical fibre -]
Light source Wavelength meter
IEC
Figure 1 — Measurement set-up for wavelength calibration
5.2.2 Calibration equipment

A wavelength meter shall be used for the calibration. The wavelength meter-should shall be
calibrated according to IEC 62129-2.
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5.2.3

Procedure for wavelength calibration

The calibration procedure is as follows:

a) Regarding the calibration system shown in Figure 1, the set wavelength of the light source
is given by Ay s ; and the measured values are given by ZAneas; ;- The uncertainty of the

wavelength measurement takes into account the tuning repeatability and hysteresis of the
TLS. Hysteresis is defined as the deviation resulting from tuning the desired wavelength
from both the shorter and the longer wavelengths.

b) It is recommended to repeat the wavelength measurement—atleast ten (m) times. Ensure
that the TLS is tuned to ’ITLSj prior to each measurement. The target wavelength (;) should

be
c) Cq

wh

wh

approached in such a way that tuning occurs from both longer and shorter wavele

lculate the average measured wavelength 7, meas j -

meas J ZimeaSI J

ere
is the number of measurements performed.

chh Ameasi;j IS suggested to be an averaged value from the wavelength meter.

Iculate the wavelength deviation ij :

D/Ij: ’ITLSj_imeasj

ere /At s ; is the tuned wavelength of the TLS.

hgths.

(1)

(2)

d) Cdqlculate the standard deviation for 4 from the (m) wavelength measurement fesults

Adeasij
1
m 2
j = % 2( measij — measj)2 3)
m=1;-1
e) Calculate the wavelength tuning repeatability Srep‘,lj :
Srep,).j = 2XS/lj (4)

NOTE

A default level of confidence of 95 % is used in Formula (4).

This calibration procedure shall be performed for each calibration wavelength. A minimum of
10 discrete wavelengths or every 10 nm, including the first, the central and the last wavelength

of the

range, shall be measured.
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Dependence on conditions

5.2.4.1 Temperature dependence (optional if known)

5.2.4.1.1 Set-up

Figure 2 shows a calibration system for temperature dependence. This calibration is performed
under the reference calibration conditions with the exception of temperature.

5.2.4.

7 !——: =l ]
- Optical fibre ]
Light source Wavelength meter

Temperature-controlled chamber
IEC

Figure 2 — Measurement set-up for temperature dependence

.2 Calibration equipment

The calibration equipment is as follows:

a) A

b)

e

Te

tn-the-wavelength-stability-of the TLS deviation of the TLS due to temperature.

Imperature-controlled chamber: make sure that the measurement results are imm

thg inner temperature distribution.

5.2.4.

3 Calibration procedure for determining temperature dependence

The calibration procedure is as follows:

a) Rggarding the calibration system_of Figure 2, measure the nominal wavelength (j)
TLS at optical power Py g; at-reference conditions: 4; ;. The wavelength used

b)

c)

d)

e)

po
se

Mgasure the wavelength of the TLS at temperature (i):

co

5sess the maximum response to temperature variations. Otherwise, characteriza
veral output wavelengths’should be performed.

A
J,9;
rresponding to leach temperature setting should be averaged to determine Lo,

C4alculate thexelative wavelength deviation:

Di-®. = ’lj,(a,»_’lj,ref

71,9

vavelength meter capable of detecting wavelengthdfluctuationsatleast-ten-times-spmaller

ine to

of the
should

ion of

Wavelength readings

(%)

Repeat steps b) and c) with (m) different temperature settings ®; ensuring that the
instrument is allowed the necessary time to eliminate sufficiently any thermal gradients.

Calculate the maximum max(D;ij.)
"j

i=m i=m

and minimum min(D,ll,@.)
JrMT

i=1 i=1

deviations.

wavelength
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f)

The standard uncertainty for wavelength temperature dependence ug}.m at the calibration

wavelength (j) using a rectangular distribution model is:

’:_:n—min(D,lj’@i)‘i_m} (6)

i= i=1

uj. :L max(D;V )
/,A0 2\/5 /,0;

where

AG o tha tamnaratiiea
IS—tHhe—termperatdfe

It is recommended that a wavelength acquisition be performed with the optical wavelength

meter|for the duration of this calibration.

5.24.2 Wavelength stability

5.2.4.2.1 Set-up

Figurg 3 shows a calibration system for wavelength stability. This calibration is performed|under

the reference calibration conditions with the exception of time.

5.2.4.2.2 Calibration equipment

e =

Optical fibre —

Light source Wavelength meter
IEC

Figure 3 — Measurement set-up for wavelength stability

It is rgcommended to use a waveléngth meter capable of detecting wavelength fluctuatipns-at

leastipntmessmallerthanthovovelength-stabiliby of the TLS.

5.2.4.2.3 Calibration procedure for wavelength stability

The calibration procedure is as follows:

a) Rdaarding the alib ion y am in 3_-_ he-mea3 _-..- I 3- orme

a)

b)
c)

d)

sol a | wWitched on and ha been warmed

A-$peeific time period (Atr), for example 10 min,-must shall be chosen that is long enough to

etmit at least 10 wavelenath measurements with the reference wavelenath meter {in the
p 9 )

case of the example, a stability over 10 min will be measured).

A continuous wavelength acquisition-shall should be performed with wavelength data and

time stamp-saved-to-a-computercompatible format.

Ensure to correlate (m) measurements per time period where (m > 10) and conforms exactly
to the desired time period (Az).

Calculate the standard deviation of the (m) wavelength measurements corresponding to time
period (At)
1
1 m 1o 2 2 (7)
U= mi§1ujzl _Zi§1/1j’[i)
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e) A minimum of 1 time period is required to evaluate the wavelength stability of the TLS
source. In this case, the wavelength stability uncertainty becomes:

S stab, ;A= 21 ;A (8)

NOTE A default level of confidence of 95 % is used in Formula (8).

The wavelength of the light source should be measured more than ten times (m times)
consegutively; at least a few measurements per minute is recommended. The time\igterval
betwepn the repeated measurements should be longer than the response time of the light
sourceg. It is preferred to calculate several time periods from the acquisition data using a $li

windoW and report the maximum value.

5.2.5 Uncertainty at reference conditions

The upcertainty for the calibration wavelength (j) at reference conditions' is given by:
1

2 2

S;

i 2 2 2 2 9
“ijret ™| T tU A0 T AT ks +“W|v|ij )

where

u, aeland u,. A; are evaluated for the reference conditions as defined in 5.2.4;
o J

”/lj,res is the uncertaintyyof wavelength resolution defined by U}, res= dikl 23
(d,al. is the wayelength resolution of the wavelength meter);
uwm,| is the uncertainty of the wavelength meter at wavelength (j) as descriped in

its certification.

The expanded uneertainty for the calibration wavelength (;) at reference conditions, U,{j.re , with

a covgrage factor k is expressed as follows:

LL — Ly
Ll ZLrref

kul

jref jref

where

k corresponds to an appropriate level of confidence as described in Clause A.5.
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Refer to Annex A and Annex C for information on uncertainties.

When adjustments are made to the instrument based on the calibration results, it is advisable
to repeat the calibrations after these adjustments to verify the corrections.

5.3 Wavelength calibration at operating conditions

5.3.1 General

Perfom the calibration procedure when the light source is used beyond the refgrence
conditjons.

The individual factors in wavelength uncertainty at operating conditions consist of follow|ng:

a) optical power dependence;
b) temperature dependence;
c) wdvelength stability.

5.3.2 Optical power dependence
5.3.2. General

Figurg 4 shows a calibration system for optical poweridependence. This calibration should be
performed under the reference calibration conditions'with the exception of the optical power. It
shall Qe performed after the optical power calibration (6.2.3).

A7 |:T:: EI_:|

— Optical fibre —

Light source Wavelength meter
IEC

Figure 4 — Measurement set-up for optical power dependence

5.3.2.2 Calibration;equipment

“+
-

£ Laoll L [HN ol o £
i olfrdil Vo udiivraitcu avuululity U

The w vclclly

5.3.2.3 Calibration procedures for determining power dependence
The calibration procedures are as follows:

a) The wavelength (j) is measured at m optical powers-{more-than-5) of the light source, p ¢ ij

including the upper and lower limits of the specified power range. The interval between
these neighbouring levels should be smaller than 10 dB.

b) Regarding the calibration system of Figure 4, the set wavelength of the light source is given
by it s i and the instrument reading of the wavelength meter is given by /lpl.j .

c) Record the measured wavelength /lpl.j for all (m) output power settings £, o y used.
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d) Calculate the standard uncertainty of wavelength (j) due to TLS output optical power
according to

R I (11)

5.3.3 Uncertainty at operating conditions

The uncertainty for the calibration wavelength (j) for any operating conditions is given by

1

2 2 2 2 2 2)2
Ui op :(lej tupp U A0 T A T U res +”WM)~J_ ) (12)
where
ugj,p, M;TA@ and ”ij,At are evaluated for the operating condition’s;
“zj,res is the uncertainty of wavelength resolution defined by U}, res= dil1 243
(d,al. is wavelength resolution 6f the wavelength meter);
uwm,| is the uncertainty of the~wavelength meter at wavelength |(j) as

described in its certification.

The ekpanded uncertainty for the calibtation wavelength (j) under all operating conditions,

U,. with a coverage factor k, is expressed as follows:
Jj:op
I — Ly
*j.op ] .0
=ku
Ujop =Kt (13)
where

k cofresponds to an appropriate level of confidence as described in Clause A.5.

6 Optical power calibration

6.1 Overview

The factors making up the uncertainty in the set optical power of the light source under
calibration consists of

a) the intrinsic uncertainty of the light source under calibration as found in the calibration at
reference conditions including temperature, time, and connection
repeatability/reproducibility dependences for these tight conditions, and

b) the uncertainties due to dependences on wavelength, temperature, time and connection
repeatability/reproducibility, as found in the calibrations at broader operating conditions.
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The list of the source of uncertainty is summarized in Table 2.

Table 2 — Source of uncertainty for optical power calibration

The o
calibra

6.2
6.2.1

Figursg
under

NOTE
interfer
of angl

Source of uncertainty Type of origin Symbol
Repeatability Measurement sp
Py
Temperature Environment up
P;,A®
Stability Light source under calibration up
Dj. AL
Connection reproducibility Light source under calibration up
Pj,con
Optical power resolution Reference optical power meter up
Pj,res
Optical power meter calibration Reference optical power meter by
Pj
Wavelength Light source under calibration up
PiA
i

tion at operating conditions described in 6.3 is(optional.

Optical power calibration at reference conditions
Set-up

5 shows a system for the calibration of the optical power. The calibration is perf
the given reference conditionsy

Z’Z’EE E|_:|

Light souree Optical power meter
IEC

Figure 5 - Measurement set-up for intrinsic optical power calibration

There-rgay could be problems in calibrating the power of a highly coherent laser source, due to g
bnce ‘effects arising from reflections from fibre connector end faces and also the optical power meter.

btical power calibration at reference conditions as‘described in 6.2 is mandatory.

The

brmed

arasitic
[he use

bd\physical contact (APC) connectors, inline optical isolators and engaging of the laser's coherent

control

functior

V2T STV AN ' 44 o ariads £ P | }
U imielu ==y LAl TTUULT UTC TTTICTITTTTILE TIITULS U dll dLLTULdUTTC TTVTT.

The optical power to be calibrated is measured at the end of an optical fibre cable, which-may
can cause some insertion losses. The calibration condition about the used optical fibre cable
such as fibre length, connector type, inline isolator if any, should be reported.

6.2.2

Calibration equipment
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The optical power meter shall be calibrated according to IEC 61315.

6.2.3

Procedure for power calibration at reference conditions

The calibration procedure is as follows:

a) Connect the light source and the power meter with the optical fibre-te-be-measured.
b) Setthe wavelength of the light source and the optical power meter to the required calibration

wa

velength.

c) Setthe output power of the light source to PrLs) The uncertainty of the power measurement
takes into account the setting repeatability and hysteresis of the TLS. Hysteresis is defined

as
po
d) Re
e) Iti

ay

the deviation resulting from setting the desired power from both the lower and the
wers.

ad the measured value of optical power meter.

s recommended to repeat this measurement-atteast ten (m) times. EnSuré that t
pet to Pyg; prior to each measurement. The target power should be approached i

vay that setting occurs from both lower and higher powers.

_ PTLSj _Pmeasi,j

Dp .

b Fneas ij
where
Prls; is the set optical power of the.JLS.
Each Ppeas;;  is suggested to be an averaged value from the power meter. Calculs

power deviation Dpj ;
1 m
Dp =—» D
=,

where
m | is the nuniher of measurements performed.

f) Caqlculate\\the standard deviation for Dpj from the (m) power measurement i

P

n

eas i

higher

e TLS
such

(14)

te the

(15)

esults

g) Calculate the optical power setting repeatability: Srep,DP'
J

NOTE

Srep,Dpj =2x SDPj

A default level of confidence of 95 % is used in Formula (17).

(16)

(17)
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The uncertainty calculations (6.2.3 a) to g)) should be performed for each calibration power.

6.2.4

6.2.4.1

6.2.4.1.1

Dependence on conditions
Temperature dependence (optional if known)

Set-up

Figure 6 shows a calibration system for temperature dependence. This calibration is performed

under the reference calibration conditions with the exception of temperature.

A7 |__D

=1l

Optical fibre

Light source

Temperature-controlled chamber

Optical power. meter

IEC

Figure 6 — Measurement set-up for temperature depéndence

6.2.4.1.2 Calibration equipment

The calibration equipment is as follows:

a) Ogptical power meter: This is an optical power meter calibrated with the following stgndard
i ; . :
Hsrestenlbporn o ealibenlod bae o o citioial oatiindion el ooioriae eollbotion
. 4 inty:
2] —an optical power meter traceable to-such-an official institution with-a stated uncertainty.

a) Anl optical meter capable of detecting optical power deviation of the TLS depend|ng on
temperature.

b) Temperature-controlled chamber:

Magke sure that the measurement results are immune to the inner temperature distribution.
6.2.4.1.3 Calibration\procedure for determining temperature dependence

The calibration progedure is as follows:

a) Rggardingthe calibration system of Figure 6, measure the nominal optical power of the TLS
at wavelength i ¢, at reference conditions p, .. The optical power used should pgssess
the maximum response to temperature variations. Otherwise, characterization of sjeveral
oufput’optical powers will be required.

b) Measure the optical power of the TLS at temperature (i): Pio. - Optical power readings
corresponding to each temperature setting should be averaged to determine Po, -

(e
c) Calculate the relative optical power deviation:
Pj,®i _Pj,ref
Dpo, =5 (18)
! jref
d) Repeat steps b) and c) with (m) different temperature settings ®; ensuring that the

instrument is allowed the necessary time to eliminate sufficiently any thermal gradients.
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i=m
and minimum min(Dp. )
781 )i

i=m

e) Calculate the maximum maX(Dp/.@.) optical power
JMl

i=1
deviations.

f) The standard uncertainty for optical power temperature dependence ”PjAe at the calibration

optical power using a rectangular distribution model is:

i=m

DP e 2\/— |:maX(DP ) —min(DPj’G)[ ) ijn} (19)

i=1

where

AQ is the temperature variation.

It is rgcommended that a optical power acquisition be performed with the leptical power|meter
for thg duration of this calibration.

6.2.4.2 Optical power stability
6.2.4.2.1 Set-up

Figurd 7 shows a calibration system for optical power/stability. This calibration is perfprmed
under|the reference calibration conditions with the exception of time.

Vi |:_D E|_:|

— Optieal fibre —

Light source Optical power meter
IEC

Figure 7 — Measurement set-up for optical power stability

6.2.4.2.2 Calibration equipment

Odtical nower meter~-hic ic an ontical nower metar ealibrated with the followina stdndard
IHHcarpowermeter v HS1Sah-optcarpowermetercaioiate Wit e1oHoOWHRg-StghGara
aV an _onticalepdwear meter calibrated by an official institution that narforms calibration
Ao pHCa S power—Reter—Caldolatea—oY——a oHHCHa SHHHHS that+—pero S—GaHHatio

(3

W an optieal
Ha© cH

It is recermended to use an optical power meter capable of detecting optical power fluctqatlons
of the TLS:

6.2.4.2.3 Calibration procedure for optical power stability

The calibration procedure is as follows:

a) A specific time period (A?), for example 10 min, shall be chosen that is long enough to permit
at least 10 optical power measurements with the reference power meter (in the case of the
example, a stability over 10 min will be measured).

b) A continuous optical power acquisition-shal should be performed with optical power data

and time stamp-saved-to-a-computercompatible format.
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c) Ensure to correlate (m) measurements per time period where (m > 10) and conforms exactly
to the desired time period (Az).

d) Calculate the standard deviation of the (m) measurements corresponding to time period (A¢):

1
1 m 1 m 9 E 1 m
| —>@P, -—>P IS (20)
MDPijt m_1;( Jti mi:1 j,l‘l') :l ( . jvtij

e) A minimum of 1 time period is required to evaluate the optical power stability of the TLS
solrce. In this case, the optical power stability uncertainty becomes:

SStab,Dpj’At = 2 X uDPj,At (21 )

NOTE |A default level of confidence of 95 % is used in Formula (21).

It is prieferred to calculate several time periods from the acquisition data using a sliding window
and rgport the maximum value.

The optical power of the light source should be measdred more than ten times (m fimes)
consefutively; at least a few measurements per mindte‘is recommended. The time interval
betwekn the repeated measurements should be longer than the response time of the light
source.

6.2.4.3 Connection repeatability/reproducibility
6.2.4.3.1 Set-up

Figurg 8 shows a calibration system(for optical power stability. This calibration is perfprmed
under|the reference calibration conditions.

A7 |:T:: EI_:|

— Optical fibre —

Optical power meter
IEC

Light source

Figure-8'— Measurement set-up for connection repeatability/reproducibility

6.2.4.3:2 Calibration equipment

The optical power meter shall be calibrated according to IEC 61315.

6.2.4.3.3 Calibration procedure for connection repeatability/reproducibility
The calibration procedure is as follows:

a) Regarding the calibration system in Figure 8, connect the light source and the power meter
with the optical fibre-to-be-measured.
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b) Read the measured value of optical power meter p.

j.con;
c) Disconnect the optical fibre from the TLS and reconnect the optical fibre to the TLS.
d) Repeat b) and c) for (m) times.

e) Calculate the standard uncertainty of optical power (;) due to TLS connection
repeatability/reproducibility according to

1
o
S o 'Sp : 1S p (22)
uDPj,con - m—'].z J.con; _;21 Jj.con; ;21 Jj.con;

i=1 i=

= =7

6.2.5 Uncertainty at reference conditions

The uncertainty for the calibration optical power at reference conditions isngiven by:

1
2 2
S
S P/ S FUP B ru (23)
Dp; ref m Dp; ne Dp. At Dp; con Dp: res PMp,
where
Up, & Upp , and up, — are evaluated forthe reference conditions as defined in 6.2.4;
J’ I’ J’
Up, L is the relative uncertainty of optical power resolution defined by
s
UDp, oo =(dPrLs; /PTLS,j)/Z\/g (aPr s ; is the optical |power
resblution of the optical power meter);
MPMPf is” the relative uncertainty of the power meter at power P, as

described in its certification.

The expanded uncertainty for the calibration power meter at reference conditions UDP' , with

Jire
a covegrage factor k, is expressed as follows:
[/ —tku
Dp. Upj.’
U = ku
DPj,ref DPj,ref (24)

where

k corresponds to an appropriate level of confidence as described in Clause A.5.



https://iecnorm.com/api/?name=1f3e7fcb3b0f2de60cd4d5d5663bf44d

IEC 62522:2024 RLV © IEC 2024 - 25—

Refer to Annex A for information on uncertainties.

When adjustments are made to the instrument based on the calibration results, it is advisable
to repeat the calibrations after these adjustments to verify the corrections.

6.3 Optical power calibration at operating conditions
6.3.1 General
Perform the calibration procedure when the light source is used beyond the reference
conditions.
The irlvdividual factors in optical power uncertainty at operating conditions consist\ pf the
following:
a) wgvelength dependence;
b) temperature dependence;
c) optlical power stability;
d) copnection repeatability/reproducibility.
6.3.2 Wavelength dependence
6.3.2. Set-up
Figurd 9 shows a calibration system for wavelength dependence. This calibration shotld be
performed under the reference calibration conditions‘with the exception of the wavelength. It
has-telshall be performed after the wavelength calibration (5.2.3).
ﬂ/’ET: O]
Light source Optical power meter
IEC
Figure 9 — Measurement set-up for wavelength dependence

6.3.2.2 Calibration.equipment
The calibration equipment is as follows: the optical power meter should be calibrated accprding
to IEC}61315.

Odtical=-nower meter- thic ic an antical nower metar calihrated with the followina stdndard

Freol oo maotion thie do an cntlenl covine mandor colibeatad vdin thn follosndioc ciqedocd

6.3.2.3 Calibration procedure for determining wavelength dependence

The calibration procedure is as follows:

a)

b)

The optical power is measured at m wavelengths (more than 5) of the light source, /i g,

including the upper and lower limits of the specified wavelength range.

Regarding the calibration system of Figure 9, the set optical power of the light source is
given by pp o i and the instrument reading of the power meter is given by p, ;e

Set the wavelength of the optical power meter to the required calibration wavelength.
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d) Record the measured optical power P;” for all (m) wavelength settings i o y used.

e) Calculate the standard uncertainty of optical power (j) due to TLS output wavelength
according to:

1
i e D E W M 521&,-,/ 25)
i - iz

6.3.3 —Uncertainty at operating conditions

The upcertainty for the calibration optical power for any operating condition is givensby:

1

_ 2 2 2 2 2 2 212
uDPjyop _(SDP/ +uDPj,2 +uDPj,A® +uDP]-,At +uDP/»,con +uDPj,res +uPMPj )

(26)

Upp uDPj,A@’ uDPijt and uDPj,con are evaluated for the operating conditions;

is the relative uncertainty of optical power res¢lution

Dp; rek
J’
defined by UDp. res = (dPrs; ! Pris;) /243 (appk; is
optical power resolution of the optical power meter}
”PMPj is thewncertainty of the power meter at optical power P;

as-described in its certification.

The expanded uncertainty for thé- calibration optical power under all operating conditions

Up,. | . with a coverage factork,"is expressed as follows:
J,0

[/ —+ku
P op 2pj op
U = ku
PPiop Dpjop (27)

where

k corresponds to an appropriate level of confidence as described in Clause A.5.
7 Documentation

7.1 Calibration data and uncertainty

Calibration certificates claiming to be in compliance with this document shall include the
following data and their uncertainties, and the uncertainties shall be stated in the form of
estimated confidence intervals by multiplying the relevant standard uncertainty by =k:

NOTE 1 Refer to Annex A for information on uncertainty and Clause A.5 for further details on level of confidence
and coverage factor.
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a) the wavelength deviation, D/Ij, and its uncertainty, ékulj,ref’ for example, is in nm, in a
vacuum — see the detailed requirements in Clause 5;

b) the optical power deviation, Dpj, and its uncertainty, fkuDPjref , for example, is in % or dB
— see the detailed requirements in Clause 6.

NOTE 2 Other tests can be added to the documentation, refer to Annex B for more information.

7.2 Calibration conditions

The calibration method(s) and the method(s) of obtaining the measurement results shall be
stated[

anied-bv a3 statement of the
aHHecDya-sStatemento+the

Mﬁsmmwm#%p%cmibration condition
most important parameters are the calibration date, the displayed optica

wavelength, the temperature, the humidity and the atmospheric pressure.

wn L.

/]
T 5
o D
s =
(oS-
=D
— 5

NOTE |The calibration results only apply to the set of calibration conditions used forthe calibration process|.
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Annex A
(normative)

Mathematical basis for measurement uncertainty calculations

General

Annex A summarizes the form of evaluating, combining, and reporting the uncertainty of
measurement. It is based on ISO/IEC Guide 98-3-but-doesnotrelieve-theneed-to-consult-this
guide—for-more—advice. Annex A shall be read in conjunction with ISO/IEC Guide 98-3 for

additiq

This d
Type
meast
based

A.2

The t
obser

For a
is:

nal information.

ocument distinguishes between two types of evaluation of uncertainty of me&asurg
A is the method of evaluation of uncertainty by the statistical analysis)of a se
rements on the same measurand. Type B is the method of evaluation”of unce
on other knowledge.

Type A evaluation of uncertainty

ations have been made for a quantity under the same-conditions of measurement

guantity X estimated from » independent repeated/observations X;, the arithmetic

_ g
==X
=

This mean is used as the estimate of the quantity, that is x = X . The experimental st3

deviat

on of the observatians.is given by:

s(X) =

ment.
ies of
rtainty

pe A evaluation of standard uncertainty can be appled when several indepgndent

mean

(A.1)

ndard

(A.2)

where

X

is the arithmetic mean of the observed values;

X,  are the measurement samples of a series of measurements;

n

is the number of measurements; it is assumed to be large, for example, n = 10.

The type A standard uncertainty utypeA(x) associated with the estimate x is the experimental
standard deviation of the mean.

”typeA(x) =s(X)= Sf/);()

(A.3)
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A.3 Type B evaluation of uncertainty

The type B evaluation of standard uncertainty is the method of evaluating the uncertainty by
means other than the statistical analysis of a series of observations. It is evaluated by scientific
judgement based on all available information on the variability of the quantity.

If the estimate x of a quantity X is taken from a manufacturer's specification, calibration
certificate, handbook, or other source and its quoted uncertainty U(x) is stated to be a multiple
k of a standard deviation, the standard uncertainty u(x) is simply the quoted value divided by
the multiplier.

u(x)=U(x)!k (A.4)

If only|upper and lower limit X,,,,, and X,,;, can be estimated for the value of the quantity|.X (for

example a manufacturer's specifications or a temperature range), a rectangular profability
distribution is assumed, and the estimated value is:

1

X :E(Xmax +Xmin) (A5)
and the standard uncertainty is:
1
u(x) :m(){max = Xmin) (A.6)

The contribution to the standard.uncertainty associated with the output estimate y resulting from
the standard uncertainty associated with the input estimate x is:

u(y)=cx u(x) (A7)

where

¢ is [the ‘sénsitivity coefficient associated with the input estimate x, which is the partial
derivative of the model function y(x), evaluated at the input estimate x.

oy
-9 A.8
c= (A.8)

The sensitivity coefficient ¢ describes the extent to which the output estimate y is influenced by
variations of the input estimate x. It can be evaluated by Formula (A.8) or by using numerical
methods, that is by calculating the change in the output estimate y due to a change in the input
estimate x from a model function. Sometimes, it-may can be more appropriate to find the change
in the output estimate y due to the change of x from an experiment.
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Determining the combined standard uncertainty

The combined standard uncertainty is used to collect a number of individual uncertainties into
a single number. The combined standard uncertainty is based on statistical independence of
the individual uncertainties. It is calculated by root-sum-squaring all standard uncertainties

obtain

ed from type A and type B evaluation:

we() = [Yud)
i=1

NOTE
contriby

When
then t

partial

A.5

In cal
report
Corre
multip

For a
confid
some
coverg

is the current number of individual contribution;
are the standard uncertainty contributions;

is the number of uncertainties.

It is acceptable to neglect uncertainty contributions to Formula (A.9) that afe~smaller than 1/10 of the
tion, because squaring them will reduce their significance to 1/100 of th€ largest contribution.

he combined standard uncertainty, u., can be re-inseffed into Formula (A.9). Des
ly type A origin, u. should be considered as describing an uncertainty of type B.

Reporting

bration reports and technical data sheets, combined standard uncertainties sh
bd in the form of expanded uncertainties, together with the applicable level of config
tion factors or deviations shall be reported. The expanded uncertainty U is obtain
ying the standard uncertainty«4J(y) by a coverage factor :

U:kxuc(y)

level of confidence of approximately 95 %, the default level, then £ = 2. If a le
ence of approximately 99 % is chosen, then k£ = 3. The above values for k are valid
conditions, see ISO/IEC Guide 98-3 (GUM); if these conditions are not met,
ge factors are to be used to reach these levels of confidence.

(A.9)

largest

the quantities above are to be used as the basis forurther uncertainty computItions,

ite its

all be
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B.1

Annex-CAnnex B
(informative)

Other testing

General

Annex

B provides some details on other tests which are not mandatory but are related

performance of tuneable laser sources.

B.2 |Wavelength tuning resolution
B.2.1 Set-up
Figurd B.1 shows the test set-up for a wavelength tuning resolutiof test under standa
conditjons.
77 =
= — =11
Optical fibre —7
Light source Wavelength meter
IEC
Figure B.1 — Measurement set-up for wavelength resolution
B.2.2 Testing equipment

Testing equipment is as follows:

to the

d test

A wayelength meter which\has a better wavelength measurement resolution thgn the

wavelg¢

B.2.3

ngth resolution of test‘light source should be used.

Testing procedure for determining wavelength resolution

The tgsting procedure is as follows:

a) Sett the-wavelength of the test light source to iy 5. Set the optical output power of th

ligh

t&ource to a suitable value.

b) Injc

—lne wavelen

’meas 1S measured with the wavelength meter.

e test

th for

c) The wavelength of the light source is set only gdi to the long (or short) wavelength side for
J1Ls - Here, di is the minimum variable width that can be set to /iy g, and ¢ are integers.

d) Inject the optical output of the light source into the wavelength meter. The wavelength for

A

meas+

4 is measured with the wavelength meter.

e) After the wavelength of the light source is returned to Ay g, the measurements-are should
be repeated over ten times (m times).

f) Calculate the wavelength setting resolution 4, g ; with Formula (B.1).
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ditLs,; (B.1)

_ i |jmeas+1,i B 2meas,i|
i=1

mxq

g) Repeat the measurements for a few (j) wavelengths covering the desired wavelength range.
Calculate the wavelength setting resolution with Formula (B.2).

diris = max(diTLs,j) (B.2)

B.3 |Optical power tuning resolution

B.3.1 Set-up

Figurg B.2 shows the test set-up for optical power tuning resolution setting tests under stgndard
test cgnditions.

27 - EI_]

Optical fibre —

Light source Optical power meter

IEC
Figure B.2 — Measurement set-up for.optical power resolution setting test

B.3.2 Testing equipment

Use an optical power meter with highi.resolution.

B.3.3 Testing procedure for-optical power resolution
Testing procedure is as follows:

a) Sett the optical output power of the test light source to Py g . Set the wavelength of the light
soprce to a suitable value.
b) Inject the optical output into the optical power meter. Measure the optical power P,o1¢ With
the opticabpower meter.

c) Orjly¢set the minimum variable width dP as a higher (or lower) output power undef Py g

o £ . 1 4 4 £q PR L Y
se tarrgs 101 uoptidar Output puowcerl Ul 1ICS1 Myrit sSUUTCT.

d) lnject-the—optical-outputinto-theoptical- powermeter- Measure the optical power P o541

with optical power meter.

e) After the optical output power of test light source is returned to Py g, the measurements-are
should be repeated over ten times (m times).

f) Calculate the optical output power setting resolution dPt g / Pt g With Formula (B.3).

dp N 5 — B i P :
TLS,j _ | meas+1,i meas,z| /z meas,i (B.3)

Pris; i m i m
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g) Repeat the measurements for a few (j) optical powers covering the desired power range.
Calculate the power setting resolutions with Formula (B.4).

B.4

P dP :
m:max{ﬂ] (B.4)

Pr s Pris;

Signal-to-source spontaneous emission ratio

B.4.1

Claus
SSSE
narrov
much

B.4.2

Figure
standg

Figun

B.4.3
The O

B.4.4

The t¢g

General

b B.4 describes how to determine the side-mode suppression ratio (SMSR) of@-lasé¢r with
R that can be measured with an OSA (e.g. SSSER of 60 dB). Howevep, in the chse of

line width laser sources such as an external cavity laser, the purity of.ffiie“source ¢an be
higher (around 90 dB) and therefore other methods can be used.

Set-up

B.3 shows the test set-up for a signal-to-source spontaneous emission ratio [under
rd test conditions.
o — O]
Optical fibre —
Light source Optical spectrum

analyser

e B.3 — Measurement set-up for sighal to total source spontaneous emission|ratio

Testing equipment

—

SA is used to measure the'aptical signal power and the spontaneous emission ligh

Testing procedure for determining signal-to-source spontaneous emission
ratio

sting procedure is as follows:

a) S
va
sp

the wavelength of the test light source to ;5. Set the optical output power to a stitable

ue. Jsually, the optical power is set to the maximum optical output power defined py the
cifications of the test light source.

to

MTLS+ Jspan» @Nd Jreg respectively. Usually, 4., is approximately 100 nm, and Jg is

approximately 1 nm.

c) Inject the optical output of the light source into the OSA. Measure the optical signal optical
power for P,. Measure the maximum value P, of a spontaneous emission optical level in

Jris * M. However, the Jp g +AJ

range will not be included as the measurement range

exc

of the spontaneous emission light (refer to Figure B.4). Usually, Al is approximately 50 nm,

A4,
d) Ca

eXC

is approximately 1 nm.
Iculate the signal-to-source spontaneous emission ratio with Formula (B.5).
P2 X l(nm) / /Ires

SSERCIE Lo g 1L T (i,
B
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SSER = —10|og% dB/nm
1

where
SSER is the signal to source spontaneous emission ratio (dB/nm);
P4y and P, are in mW
res is in nm
g A P
)
o)
E
[o]
(o8
T
ks
a
o - AL _
B Aeexo_
Py
e J\//\“L,-—\\
Pa e N >
AMLs Wavelength (nm)

NOTE

NOTE 3

IEC

Figure B.4 — Measurement of the signal\to*spontaneous emission ratio

For a TLS with a high SSER, the optical rejection’ratio of the OSA can limit the measured value.

the mg¢asurement results.

B.5

B.5.1

In ge
IEC 6
extern
can c
the S

NOTE
possibl

Side-mode suppression ratio

General

280-1-3:20402024, 8.8. In the case of narrow line width laser sources such

SR of sueh a narrow line width laser source.

tderestimates the power of the sidemodes when they are not in phase.

L _Record the ratio of signal optical pewer and the spontaneous emission light as well as

heral, SMSR of~a.laser source can be measured with an OSA as descrifed in

as an

al cavity laser,.however, the quite close interval between the main and side mode-may
use difficulty to distinguish them with an OSA. Clause A.5 describes how to detg¢rmine

Theé, testing approach adopted here measures the impact of SMSR on relative intensity noise (R|N), but

B.5.2

Set-up

A special testing system is necessary, although it is performed by the tuneable laser source.
For example, Figure B.5 shows the diagram of the test system of the SMSR test under standard
test conditions.
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B.5.3 Testing equipment
Testing equipment is as follows:

a) OJE (optical-electrical) converter: this is used for heterodyne detection ofithe intermod
spectrum between the signal light and the side mode light, converting)the optical sig
an|electric signal. The frequency band should be several times wider-than its mode sp

Thf optical-electrical conversion efficiency should be calibrated beforehand.

El
the signal light and the side mode light.

b)

c)

B.5.4 Testing procedure for determining the sidé-=mode suppression ratio

The tgsting procedure is as follows:

ot AT

Optical power meter: this is used to measure the opticalcsignal power.

Light source
analyser

)]

Optical power meter

O/E converter Electrical spectrum

IEC

Figure B.5 — Measurement set-up for the side-mode suppression ratio test

ctrical spectrum analyser: this is used to measure the beat;signal level combine

e beat
nal to
acing.

d with

a) Seft the wavelength of the light source tosd{s. Set the optical output power to a syitable

b) Inject the optical output of the lightis@urce into to the O/E converter, and set the |
signal of the displayed beat signals measured by the spectrum analyser to Ro ¢ max

c) Ngxt, inject the optical output-of the light source into a optical power meter to measy
signal power. Set this value\to P, (dBm).

d) Cdlculate the SMSR (dB)-in wavelength j; o with Formula (B.6).

value.

SMSR(dB) = 10log—20

ssax

= 2Py — Pyoqmax + R(aB) + 10log(8R;) - 30

argest
dBm).

re the

ra)
\%

SMSR = 10log

S,max

= 2Py — Ryeat max + R +10l0g(8R;) - 30

where

s.max is a maximum side mode optical power (dBm);

is the conversion efficiency of O/E converter (dB);

2010g KA/
14/ W)

y»J
1< g

(B.6)
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R

is input impedance of OSA (Q).

The following explains the measurement principle and Formula (B.6) for the SMSR.
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(B.7)

It is assumed that the optical output spectrum of the test light source is composed with the side
mode Pb) that is away from-Aae AQ and the signal light (PU) =see Figure B G

A Py

b
\

1
y

S

When|the signal enters the measurement system*shown in Figure B.7, the output currer

the O/E converter is calculated with Formula (B:8):

where
R is f conversion efficiency of the O/E converter (A/W).

From Formula (B.8) when the beat current emerging from the signal light and the side m
ip,, thel beat signatpower (electric) P,,, which is measured with the spectrum analyser,

calculated with-Formula (B.9) and Formula (B.10).

iy = 4R\[RyPscos(Awt)

Wayelength
IEC

Figure B.6 — Optical spectrum of funeable laser source

ip = R{Fy+ 2P, + 4Ry Bycos (Awr))|

tig of

(B.8)

ode is
ill be

(B.9)

R, = 8R,RPR?

where
R.

i is the input impedance of the spectrum analyser (Q).

(B.10)
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b
ff D Optical fibre D R (A/W) R
Electrical spectrum
Light source O/E converter analyser

IEC
Figure B.7 — Measurement set-up for SMSR

The SMSR, derived from Formula (B.10), is calculated with Formula (B.11):

2
P P
SMSR = -2 = 8R.R? -0 B.11)
1
Fy B

If the BMSR is in dB, it will be calculated with Formula (B.12):

2
SMSRyg = 10Iog[8RiR2 P%]
b

= 2P0,dBm - Pb,dBm + RdB + 10'09(8Rl ) -30

B.12)
where
L
PO,dBm = 10'0910—_3 )
R
Pde :10|Og—b,
am 1073

Ryg = 20Iog§.

NOTE |The’testing approach adopted here is suitable for external cavity lasers only.
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Annex C
(informative)

Linear to dB scale conversion of uncertainties

C.1 Definition of decibel

The decibel is a submultiple of the bel (1 dB = 0,1 B). This unit is used to express values of
power level on a logarithmic scale. The power level is always relative to a reference power Py:

P
Lpipy =10X|091o[—j (dB) (C.1)
0
where
P and|[Pq are expressed in the same linear units.

C.2 | Conversion of relative uncertainties

Similay to the previous definition, relative uncertaintigsy:U,,,, or relative deviations, dan be
expregsed in decibels:

UdB :10X|0910(1+U0/0) (CZ)

Recipfocally, U);, can be expressedi)% using:

)
Uy, =| 10" 10/ —11x100 (C.3)

For small yafues of Uj;,, the first term of the applicable Taylor series can be used. Havinp:

- _1n+1
In(1+x)=Y" = x" and l0gjo(x)=
' n

that leads to:

10_go —1"1 10
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and two useful expressions:

Ugg = 4,34 xUjin < Ujin = 0,23xUqgp
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CALIBRATION OF TUNEABLE LASER SOURCES

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
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ested IEC National Committees.
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p522 has been prepared by IEC technical committee 86: Fibre optics. It is an International

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) addition of references to IEC 61315;
b) addition of Table 1 and Table 2 on uncertainties;

c) clarification of the reference power meter settings in 6.2.3 and 6.3.2.3.
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The text of this International Standard is based on the following documents:

Draft Report on voting

86/639/FDIS 86/643/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 deveIoL)ed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed™by IHC are
descriped in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remaimunchanged until the
stabilify date indicated on the IEC website under webstore.iec.ch in the“data related |to the
speciflc document. At this date, the document will be

e re¢onfirmed,
e withdrawn, or

e reyised.
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INTRODUCTION

Wavelength-division multiplexing (WDM) transmission systems have been deployed in optical
trunk lines. ITU-T Recommendations in the G.694 series describe the frequency and wavelength
grids for WDM applications. For example, the frequency grid of ITU-T Recommendation G.694.1
supports a variety of channel spacing ranging from 12,5 GHz to 100 GHz and wider. WDM
devices, such as arrayed waveguide grating (AWG), thin film filter or grating based multiplexers
(MUX), and demultiplexers (DMUX) with narrow channel spacing are incorporated in the WDM
transmission systems. When measuring the characteristics of such devices, wavelength
tuneable laser sources are commonly used and are required to have well-calibrated
performances; wavelength uncertainty, wavelength tuning repeatability, wavelength stability,

d et aontical noanvar ctabilifv, ora e art ot N oot oo
an (0] PO T oOpPTCaT P oW eT StaoTity arc porttartt pararictecros

The tuneable laser source (TLS) is generally equipped with the following features:

a) the output wavelength is continuously tuneable in a wavelength range starting at 1 260 nm
or jhigher and ending at less than 1 675 nm (the output should excite only the fundafnental
LP01 fibre mode);

b) an]output port for optical fibre connectors.
The epvelope of the spectrum is a single longitudinal mode with g, full-width at half-maximum

(FWHM) of at most 0,1 nm. Any adjacent modes are at least 20dB lower than the main spectral
mode [(for example, a distributed feedback laser diode (DFB-LD), external cavity laser, €ftc.).



https://iecnorm.com/api/?name=1f3e7fcb3b0f2de60cd4d5d5663bf44d

IEC 62522:2024 © IEC 2024 -7-

CALIBRATION OF TUNEABLE LASER SOURCES

1 Scope

This document provides a stable and reproducible procedure to calibrate the wavelength and
power output of a tuneable laser against reference instrumentation such as optical power
meters and optical wavelength meters (including optical frequency meters) that have been

previo

2 N

usly traceably calibrated.

brmative references

The following documents are referred to in the text in such a way that some orall of their c

consti

utes requirements of this document. For dated references, only thecedition cited a

For undated references, the latest edition of the referenced document (includin
amendments) applies.

IEC 6

793-2-50, Optical fibres — Part 2-50: Product specifications-— Sectional specificat

class B single-mode fibres

IEC 60825-1, Safety of laser products — Part 1: Equipmernit classification and requiremen
IEC 60825-2, Safety of laser products — Part 2: Safety of optical fibre communication sy
(OFC$s)

IEC 6

315, Calibration of fibre-optic power.meters

IEC 62129-2, Calibration of wavelength/optical frequency measurement instruments — |

Miche

son interferometer single wavelength meters

ISO/IHC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the express
uncertainty in measurement (GUM:1995)

3 Terms, definitions, and abbreviated terms

3.1

For th

Terms and definitions

b purposes of this document, the following terms and definitions apply.

bntent
bplies.
J any

on for

ts

stems

Part 2:

ion of

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

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

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1.1

accredited calibration laboratory
calibration laboratory authorized by an appropriate national organization to issue calibration
certificates that demonstrates traceability to national standards


https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=1f3e7fcb3b0f2de60cd4d5d5663bf44d
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adjustment
set of operations carried out on an instrument in order that it provides given indications
corresponding to given values of the measurand

Note 1 to entry: For more information, see ISO/IEC Guide 99:2007, 3.11.

[SOURCE: IEC 60050-311:2001, 311-03-16, modified — Domain deleted, words "measuring
instrument" deleted in the definition, and omission of the Note to entry therein.]

3.1.3
calibr,
set of

of qudntities indicated by a measuring instrument and the corresponding values, tealiz
standards

Note 1
Note 2
quantiti

Note 3
calibrat

Note 4

3.1.4

calibrption conditions

condit]

3.1.5

calibrption at reference conditions

ation

pperations that establish, under specified conditions, the relationship between the

fo entry: A calibration can also determine other metrological properties suchas the effects of in
ES.

fo entry: The result of a calibration can be recorded in a document,\called a calibration certifica
on report.

o entry: See also ISO/IEC Guide 99:2007, 2.39.

ons of measurement in which the calibrations performed

alues
ed by

o entry: The results of a calibration permit either the assignment of measurand values.to the indications or
the det¢rmination of corrections with respect to the indications.

fluence

te or a

calibrgtion which includes the evaluationvof the uncertainty at reference conditions of the light

sourc¢ under calibration

3.1.6

calibrption at operating conditions
calibrgtion which includestthe evaluation of the uncertainty at operating conditions of th
source under calibration

3.1.7
level

estimated prebability that the true value of a measured parameter lies in the given rangs

3.1.8

coveragefactor

k
factor

bf confidénce

e light

used to calculate the expanded uncertainty U from the standard uncertainty u
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3.1.9

optical power deviation

Dp

difference between the set power of the light source under calibration, Py g, and

corresponding reference power, P, .., measured by the reference power meter

_ P 118~ Prmeas
meas

Note 1 ta entry: Power P is nv'r\rne:nri inlinear units_for nynm'r\ln \AL

Note 2 o entry: This deviation is relative, it has no unit (it can be expressed in %).

3.1.10
operating conditions

the

appropriate set of specified ranges of values with influence quantities usually wider than the

reference conditions for which the uncertainties of a measuring instrument/are specified

Note 1 [to entry: Operating conditions and the uncertainty at operating conditigns/are usually specified| by the

manufafturer for the convenience of the user.

3.1.11
reference conditions
conditjons used for testing the performance of aldmeasuring instrument or fqr
intercomparison of the measurement results

the

Note 1 fo entry: Reference conditions generally include reference values or reference ranges for the qyantities

influending and affecting the measuring instrument.

3.1.12
side-mode suppression ratio
SMSR

peak power ratio between the main<mode spectrum and the largest side mode spectrum in a

singletmode laser diode such as alDFB-LD

Note 1 fo entry: Side-mode suppression ratio is usually expressed in dB.

3.1.13
wavelength
wavelength (in a vaesuum) of a light source

3.1.14L
wavelength deviation
D;

'ff | S +lo 4 4 l 4l ry
d| erencepetween e aryct wavcoicligtll, STl UTI

the measured wavelength, 1 in nm or ym

meas’

D, = 7‘TLS - }‘meas

L 4 pu | T HN i Ll d
T Nyttt sSUUTLT uridct uanvurativlt, /LTLS, an
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3.2 Abbreviated terms

APC
AWG
DFB-LD
DMUX
FWHM
MUX
O/E
OSA

angled physical contact

arrayed waveguide grating
distributed feedback laser diode
demultiplexers

full-width at half-maximum
multiplexers

optical-electrical

—-10 -

IEC 62522:2024 © IEC 2024

RIN
SMSR
TLS
WDM

relative intensity noise
side-mode suppression ratio
tuneable laser source

wavelength-division multiplexing

4 Preparation for calibration

4.1 |Organization

The calibration laboratory should ensure that suitable requirements for calibration are followed.

NOTE |Guidance about good practices for calibration can be found in ISO/IEC 17025.

There|should be a documented measurement procedure for each type of calibration perfqrmed,

giving|step-by-step operating instructions and eguipment to be used.

4.2 |Traceability

The calibration laboratory should ensure that suitable requirements are followed.

NOTE |Guidance about good practices\for calibration can be found in ISO/IEC 17025.

All stgndards used in the calibration process shall be calibrated according to a documented
progrgm with traceability’'to national standards laboratories or to accredited califjration
labordtories.

It is ddvisable to maintain more than one standard on each hierarchical level, so thiat the
performance af the standard can be verified by comparisons on the same level. Make sufe that
any other calibration equipment which have a significant influence on the calibration resufts are

calibrated:

4.3 Preparation

The environmental conditions shall be commensurate with the level of uncertainty that is
required for calibration:

a) calibrations shall be carried out in a clean environment;

b) temperature monitoring and control is required;

c) all laser sources shall be safely operated (according to IEC 60825-1 and IEC 60825-2);

d) the output of the TLS should be examined with an optical spectrum analyser (OSA) having
sufficient resolution to resolve the longitudinal mode structure to check for single mode
operation.
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The recommended temperature is 23 °C, for example, (23 £ 2) °C. Give the calibration
equipment enough time prior to testing (2 h is recommended) to reach equilibrium within its
environment. Allow the TLS a warm-up period in accordance with the manufacturer's
instructions.

4.4 Reference calibration conditions

The reference calibration conditions usually include the following parameters and, if necessary,
their tolerance bands: date, temperature, relative humidity, atmospheric pressure, displayed
optical power, displayed wavelength, fibre, connector-adapter combination, (spectral)
bandwidth and resolutlon bandwidth (spectral resolutlon) set. Unless otherwise specified, use

a length of at least 2 m. It is desirable to perform all the calibration in a situation whete
reflections are negligible. Thus, angled connectors and isolators should be used whereyer the
situatipn permits.

Operate the TLS in accordance with the manufacturer's specifications2 and opgrating
procedlures. Where practical, select a range of calibration conditions @nd” parametens that
emulate the actual field operating conditions of the TLS under calibration. Choose|these
paramleters to optimize the tuneable laser source's accuracy, as specified by the manufacfurer's
operaling procedures.

Document the conditions as specified in Clause 7.

NOTE |The calibration results only apply to the set of calibration conditions used in the calibration process.
5 Wavelength calibration

5.1 Overview

The fdctors making up the uncertainty inZthe wavelength of the light source under calibration
consigt of:

a) the intrinsic uncertainty of thellight source under calibration as found in the calibration at
reference conditions, including temperature and time dependences for thesel tight
conditions, and;

b) the uncertainties due.tor dependences on optical power, temperature and time as found in
the calibrations at broader operating conditions.

The ligt of the source’of uncertainty is summarized in Table 1.

Table 1 — Source of uncertainty for wavelength calibration

Source of uncertainty Type of origin Symbol
Repeatability Measurement S,
2.
J
Temperature Environment u
A‘/,A(B
Stability Light source under calibration Uy A
At
Wavelength resolution Reference wavelength meter U res
j;
Wavelength meter calibration Reference wavelength meter UM
A
J
Optical power Light source under calibration u; p
j;
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The wavelength calibration at reference conditions for discrete wavelengths, as described in

5.2

5.2

5.2

, is mandatory. The calibration at operating conditions, described in 5.3, is optional.

Wavelength calibration at reference conditions

A Set-up

Figure 1 shows a system for wavelength calibration. The calibration is performed under the
given reference conditions.

5.2

A wavglength meter shall be used for the calibration. The wavelength' meter shall be cali
according to IEC 62129-2.

5.2

The calibration procedure is as follows:

a)

b)

c)

d)

.2 Calibration equipment

3 Procedure for wavelength calibration

A= (711
Optical fibre —t
Light source Wavelength meter

IEC

Figure 1 — Measurement set-up for wavelength calibration

Regarding the calibration system shown in Figure 1, the set wavelength of the light s

is given by it g ; and the measured valug§’are given by /neas; ;- The uncertainty

wavelength measurement takes into accouint the tuning repeatability and hysteresis

brated

ource
of the

of the

TLIS. Hysteresis is defined as the devjation resulting from tuning the desired wavejength

from both the shorter and the longer\wavelengths.

It Is recommended to repeat theswavelength measurement ten (m) times. Ensure th
TLS is tuned to ATLS prior(to each measurement. The target wavelength (j) sho

at the
ild be

approached in such a way.that tuning occurs from both longer and shorter wavelengths.

Cqlculate the average:measured wavelength Ayeqs ;-

1 m
Ameas,j :_Zimeasi,j
m i

(1)

where
m is the number of measurements performed.

Each /meas;;  is suggested to be an averaged value from the wavelength meter.

Calculate the wavelength deviation D;_j :

Dlj: ’ITLSj_’1 meas j

where it g ; is the tuned wavelength of the TLS.

(2)
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e) Calculate the standard deviation for 4 from the (m) wavelength measurement results

A

measi,j

N[ =

1

d 2
i T mo 1%:1( measi,j — meaSJ)

f) Calculate the wavelength tuning repeatability Srep,lf:

3)

NOTE

This d
10 dis
of the

5.2.4
5.2.4.
5.2.4.

Figure
under

5.2.4.

S =2xs,
rep,)‘j Aj

A default level of confidence of 95 % is used in Formula (4).

range, shall be measured.

Dependence on conditions
Temperature dependence (optional if khown)
A Set-up

2 shows a calibration system for temperature dependence. This calibration is perf]
the reference calibration conditions-with the exception of temperature.

77 = —
|: 2 Optical fibre EI_:I

Light source Wavelength meter

Temperature-confrolled chamber
IEC

Figure 2 — Measurement set-up for temperature dependence

2 Calibration equipment

(4)

alibration procedure shall be performed for each calibration wavelength. A minimum of
crete wavelengths or every 10 nm, including the first, the central and the last waveJength

brmed

The calibration equipment is as follows:

a) A wavelength meter capable of detecting wavelength deviation of the TLS due to
temperature.

b) Temperature-controlled chamber: make sure that the measurement results are immune to
the inner temperature distribution.

5.2.4.1.3 Calibration procedure for determining temperature dependence

The calibration procedure is as follows:

a) Regarding the calibration system of Figure 2, measure the nominal wavelength (;) of the
TLS at optical power Py g; at reference conditions: 4; or. The wavelength used should
possess the maximum response to temperature variations. Otherwise, characterization of
several output wavelengths should be performed.


https://iecnorm.com/api/?name=1f3e7fcb3b0f2de60cd4d5d5663bf44d

- 14 - IEC 62522:2024 © IEC 2024

b) Measure the wavelength of the TLS at temperature (i): ’1/')@1‘ Wavelength readings

corresponding to each temperature setting should be averaged to determine ’11'1@1- .

c) Calculate the wavelength deviation:

D/lj’@i = ij,@,-— ’lj,ref (5)

d) Repeat steps b) and c) with (m) different temperature settings ©; ensuring that the

instrument-is—allowed the necessarytime-to-eliminate-sufficientlvanv thermal aradients
4 Y Y g .

i=m i=m

wavelength

e) Cqlculate the maximum max(Dlj@') and minimum min(Dlj@_)

i=1 i=1

depiations.
f) The standard uncertainty for wavelength temperature dependence “ine at the calibration

wgvelength (j) using a rectangular distribution model is:

1 i=m . ism
U e :—2\/5 max(Dij’@i)‘. 1 —m|n(D,1L®i)‘i_1 (6)

1=

where
A® is the temperature variation.

It is recommended that a wavelength acquisition be performed with the optical wave]ength
meter [for the duration of this calibration,

5.2.4.2 Wavelength stability
5.2.4.2.1 Set-up

Figurg 3 shows a calibratian system for wavelength stability. This calibration is performed|under
the reference calibration.conditions with the exception of time.

A7 o EI_:|

Optical fibre —

Light source Wavelength meter
IEC

Figure 3 — Measurement set-up for wavelength stability

5.2.4.2.2 Calibration equipment

It is recommended to use a wavelength meter capable of detecting wavelength fluctuations of
the TLS.
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5.2.4.2.3 Calibration procedure for wavelength stability

The calibration procedure is as follows:

a) A time period (At), for example 10 min, shall be chosen that is long enough to permit at least
10 wavelength measurements with the reference wavelength meter (in the case of the
example, a stability over 10 min will be measured).

b) A continuous wavelength acquisition should be performed with wavelength data and time
stamp.

c) Ensure to correlate (m) measurements per time period where (m > 10) and conforms exactly
to the desired time period (Ar).

d) Cglculate the standard deviation of the (m) wavelength measurements corresponding fo time

period (A¢)
1
1 m 1 m 2 2 7
ulj‘At: m—1 21(/1j”i _;~21/1‘/'[i) ( )
i= =
e) A minimum of 1 time period is required to evaluate the wavelength stability of thp TLS
soprce. In this case, the wavelength stability uncertainty becomes:
Sstab,)‘j,At: 2X”/1j,At (8)
NOTE |A default level of confidence of 95 % is used in\Formula (8).
The wavelength of the light source should be measured more than ten times (m ftimes)
consegutively; at least a few measurements per minute is recommended. The time igterval
betwekn the repeated measurements should be longer than the response time of the light
source. It is preferred to calculate-several time periods from the acquisition data using a §liding
window and report the maximum>value.
5.2.5 Uncertainty at reference conditions
The upcertainty for the/calibration wavelength (;) at reference conditions is given by:
1
Sﬂv‘z 2 2 2 2 2 9
UJiret™ 7+”zj,A® tU A T res +“WM,1‘], ©)
1N 7
where
)00 and . are evaluated for the reference conditions as defined in 5.2.4;
Uy, res is the uncertainty of wavelength resolution defined by U, res= d/lj/2x/§
(dA; is the wavelength resolution of the wavelength meter);
UWM, is the uncertainty of the wavelength meter at wavelength (j) as described in

its certification.
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The expanded uncertainty for the calibration wavelength (j) at reference conditions, Uij of * with

a coverage factor k is expressed as follows:

U)‘j,ref = ku ’1j,ref (1 0)

where

k corresponds to an appropriate level of confidence as described in Clause A.5.

Refer fo Annex A and Annex C for information on uncertainties.

When|adjustments are made to the instrument based on the calibration results, it'is adVisable
to repeat the calibrations after these adjustments to verify the corrections.

5.3 |Wavelength calibration at operating conditions
5.3.1 General

Perform the calibration procedure when the light source is lused beyond the refgrence
conditjons.

The individual factors in wavelength uncertainty at operating conditions consist of follow|ng:

a) optical power dependence;
b) temperature dependence;
c) wagvelength stability.

5.3.2 Optical power dependence
5.3.2. General
Figurg 4 shows a calibration system for optical power dependence. This calibration should be

performed under the reference calibration conditions with the exception of the optical power. It
shall he performed after the optical power calibration (6.2.3).

27 |:T:: EI_:|

— Optical fibre —

Light source Wavelength meter

IEC

Ei L_ M up f tical I I
5.3.2.2 Calibration equipment

The wavelength meter shall be calibrated according to IEC 62129-2.
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5.3.2.3 Calibration procedures for determining power dependence

The calibration procedures are as follows:

a) The wavelength (j) is measured at m optical powers of the light source, P g ;,; including the

upper and lower limits of the specified power range. The interval between these
neighbouring levels should be smaller than 10 dB.

b) Regarding the calibration system of Figure 4, the set wavelength of the light source is given

by

LS, and the instrument reading of the wavelength meter is given by /lpi,j.

c) Record the measured wavelength Ap . for all (m) output power settings P g ;,; used.

d) CJIcuIate the standard uncertainty of wavelength (j) due to TLS output optical

ac

5.3.3
The u

where

”/ll-,P’

u, jres

Uwwm,

A

The e
U’ljﬂp

where

cording to
1
1 & 10 2 2
u;, =|—>UAp ——> 4
AP T ,;( Bj m; Pi,f)
Uncertainty at operating conditions
ncertainty for the calibration wavelength (j) for any-@perating conditions is given by

1

2 2 2 2 2 212
u =|s; “+u +u Hu, +u +u
2 op (J‘j dpP U AT A U res THWM,, j

Uj,;,A0 and Uy are evaluated for the operating conditions;
is the, uncertainty of wavelength resolution defined by U, res= dA
(dij is wavelength resolution of the wavelength meter);

is the uncertainty of the wavelength meter at wavelength

described in its certification.

power

(11)

(12)

1243

(/) as

panded uncertainty for the calibration wavelength (j) under all operating cont1itions,

with a coverage factor £, is expressed as follows:

U =ku,
%j.0p %j.op

k corresponds to an appropriate level of confidence as described in Clause A.5.

(13)
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6 Optical power calibration

6.1 Overview

The factors making up the uncertainty in the set optical power of the light source under
calibration consists of

a) the intrinsic uncertainty of the light source under calibration as found in the calibration at
reference conditions including temperature, time, and connection
repeatability/reproducibility dependences for these tight conditions, and

The ligt of the source of uncertainty is summarized in Table 2.

Table 2 — Source of uncertainty for optical power calibration

Source of uncertainty Type of origin Symbol
Repeatability Measurement 57
Pj
Temperature Environment up
P;,A®
Stability Light source under calibration up
Pj,At
Connection reproducibility Light source under calibration u
DPj,con
Optical power resolution Referénce optical power meter up
P;res
J°
Optical power meter calibration Reference optical power meter Upp
P
J
Wavelength Light source under calibration up
P;,
s

The optical power calibration at reference conditions as described in 6.2 is mandatory. The
calibration at operating.conditions described in 6.3 is optional.

6.2 |Optical power calibration at reference conditions

6.2.1 Set-up

Figurg 5%shows a system for the calibration of the optical power. The calibration is perfprmed
under'the givcll referenceconditions:

ZV’EE g_]

Light source Optical power meter
IEC

Figure 5 — Measurement set-up for intrinsic optical power calibration

NOTE There could be problems in calibrating the power of a highly coherent laser source, due to parasitic
interference effects arising from reflections from fibre connector end faces and also the optical power meter. The use
of angled physical contact (APC) connectors, inline optical isolators and engaging of the laser's coherent control
function (if fitted) can reduce the interference effects to an acceptable level.
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The optical power to be calibrated is measured at the end of an optical fibre cable, which can
cause some insertion losses. The calibration condition about the used optical fibre cable such
as fibre length, connector type, inline isolator if any, should be reported.

6.2.2

Calibration equipment

The optical power meter shall be calibrated according to IEC 61315.

6.2.3

Procedure for power calibration at reference conditions

The calibration procedure is as follows:

a) Cdgnnect the light source and the power meter with the optical fibre.

b) Sett the wavelength of the light source and the optical power meter to the required.cdlifjration
wavelength.

c) Seft the output power of the light source to Prig)- The uncertainty of the power'measurement
talfes into account the setting repeatability and hysteresis of the TLS. Hysteresis is defined
as|the deviation resulting from setting the desired power from both the Iower and the higher
powers.

d) Regad the measured value of optical power meter.

e) It is recommended to repeat this measurement ten (m) times.,”Ensure that the TLS is|set to
Pql s; prior to each measurement. The target power should be approached in such [a way
that setting occurs from both lower and higher powers,

Pia.—P .
DPi - TLS; meas i, j (14)
"/ Breas ij
where
Prls; is the set optical-power of the TLS.
Each Pheas; IS suggested-to be an averaged value from the power meter. Calculgte the
power deviation DPj.
1 m
Dp =—)» Dp 15
P, m; R (19)
where
m is the number of measurements performed.

f) Calculate the standard deviation for DPj from the (m) power measurement results

P

meas i,j°

(16)
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alculate the optical power setting repeatability: Sy, p ,
J

Srep,Dpj =2x SDPj

A default level of confidence of 95 % is used in Formula (17).

(17)

The uncertainty calculations (6.2.3 a) to g)) should be performed for each calibration power.

6.2.4
6.2.4
6.2.4

Figur

Dependence on conditions
. Temperature dependence (optional if known)
g1 Set-up

¢ 6 shows a calibration system for temperature dependence. This catipration is perf

under|the reference calibration conditions with the exception of temperature.

6.2.4

i Sj

e Optical fibre

Light source Optical power meter

Temperature-controlled chamber IEC

Figure 6 — Measurement set<up for temperature dependence

1.2 Calibration equipment

The calibration equipment is as follows:

a) A

n| optical meter capableof'detecting optical power deviation of the TLS depend

temperature.

b) Temperature-controlled chamber:

M

6.2.4

a) R

gke sure that the measurement results are immune to the inner temperature distrib

1.3 Calibration procedure for determining temperature dependence

brmed

ng on

Ltion.

The CJIibration procedure is as follows:

garding the calibration system of Figure 6, measure the nominal optical power of tH

e TLS

at wavelength iy g, at reference conditions P, . The optical power used should possess

the maximum response to temperature variations. Otherwise, characterization of several
output optical powers will be required.

b) Measure the optical power of the TLS at temperature (i): Pig, - Optical power readings

corresponding to each temperature setting should be averaged to determine Pie, -

c) C

alculate the relative optical power deviation:

P.i,®,- B P/',ref
P' (on - 5
s Pj,ref

(18)
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d)

e)

Repeat steps b) and c) with (m) different temperature settings ®; ensuring that the
instrument is allowed the necessary time to eliminate sufficiently any thermal gradients.

i=m i=m

Calculate the maximum max(DPj@.) optical power

and minimum min(DP@)
7.9

i=1 i=1
deviations.
The standard uncertainty for optical power temperature dependence “P; ro at the calibration

optical power using a rectangular distribution model is:

[

1 |' NE / N —|
S i LR IR L7 e

where

AG is the temperature variation.

It is rgcommended that a optical power acquisition be performed withithe optical power|meter

for thg duration of this calibration.

6.2.4.2 Optical power stability
6.2.4.2.1 Set-up

Figurd 7 shows a calibration system for optical pawer stability. This calibration is perfprmed

under|the reference calibration conditions with thé.exception of time.

6.2.4.2.2 Calibration equipment

Ve |:_E: E|_:|

— Optical fibre —

Light source Optical power meter
IEC

Figure 7 — Measurement set-up for optical power stability

It is recommended:to use an optical power meter capable of detecting optical power fluctuations

of the|TLS.

6.2.4.2.3 Calibration procedure for optical power stability

The catibratiomprocedure s as foltows:

a)

b)

A specific time period (Af), for example 10 min, shall be chosen that is long enough to permit
at least 10 optical power measurements with the reference power meter (in the case of the
example, a stability over 10 min will be measured).

A continuous optical power acquisition should be performed with optical power data and
time stamp.

Ensure to correlate (m) measurements per time period where (m > 10) and conforms exactly
to the desired time period (Az).
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d) Calculate the standard deviation of the (m) measurements corresponding to time period (A¢):

1

RN B ST B O )25 By (20)
DPj,At m_1i:1 Il mi:'] Jili m“ Joti

i=1

e) A minimum of 1 time period is required to evaluate the optical power stability of the TLS
source. In this case, the optical power stability uncertainty becomes:

SStab’DR/,At = 2 X uDPj,At (21 )

NOTE |A default level of confidence of 95 % is used in Formula (21).

It is prieferred to calculate several time periods from the acquisition data‘using a sliding window
and rgport the maximum value.

The opptical power of the light source should be measured more than ten times (m times)
consegutively; at least a few measurements per minute isgecommended. The time igterval
between the repeated measurements should be longer th@an the response time of the light
source.

6.2.4.3 Connection repeatability/reproducibility
6.2.4.3.1 Set-up

Figurd 8 shows a calibration system for optical power stability. This calibration is perfprmed
under[the reference calibration conditiohs:

A7 |_T:: EI_:|

 — Optical fibre —

Light source Optical power meter

IEC
Figure 8 — Measurement set-up for connection repeatability/reproducibility

6.2.4.3.2 Calibration equipment

The optical-power meter shall be calibrated according to IEC 61315.

6.2.4.3.3 Calibration procedure for connection repeatability/reproducibility
The calibration procedure is as follows:

a) Regarding the calibration system in Figure 8, connect the light source and the power meter
with the optical fibre.

b) Read the measured value of optical power meter P con, -

c) Disconnect the optical fibre from the TLS and reconnect the optical fibre to the TLS.
d) Repeat b) and c) for (m) times.
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e) Calculate the standard uncertainty of optical power (j) due to TLS
repeatability/reproducibility according to

1
1 m 1 m 2 2 1 m
uDPj,con = m—1 Z Pj'coni h ; Z;I Rj,coni ;Z; Pj,con,-

i=1 i=

6.2.5 Uncertainty at reference conditions

connection

(22)

The uncertainty for the calibration optical power at reference conditions is given by:

2 -
SDP. 2

2 2 2 2
u = +u +u +u +u +u
Dp; ref m Dp; r0 Dp; Dp; con Dp; res PMp,

where
up up and up are evaluated for the referefice conditions as defined in 6.2
Pj,A Pj,At Pj,con
UDp is the relative uncertainty of optical power resolution defin
7,
uDPJ-,res = (dPTLS,j /PTLS,j)/ 2\/§ (dPTLS,j is the Optical

resolution of thevoptical power meter);

UpM,, is the relative uncertainty of the power meter at power

described in its certification.

The expanded uncertainty forthecalibration power meter at reference conditions UDP‘

a covegrage factor k, is expressed as follows:
= ku
’j ref DPj,ref

where

k co rracnands to an annranriatg lgval of confidence-as described in Clause- A 5
oS PpOoRaStoaRappropHate+8v-e+—o-cohRrHaeRceas—aesSeHDea+h

jre

(23)

4;

ed by

power

P; as

, with

(24)

oo oo

Refer to Annex A for information on uncertainties.

When adjustments are made to the instrument based on the calibration results, it is advisable

to repeat the calibrations after these adjustments to verify the corrections.

6.3 Optical power calibration at operating conditions

6.3.1 General

Perform the calibration procedure when the light source is used beyond the reference

conditions.


https://iecnorm.com/api/?name=1f3e7fcb3b0f2de60cd4d5d5663bf44d

- 24 — IEC 62522:2024 © IEC 2024

The individual factors in optical power uncertainty at operating conditions consist of the
following:

a)
b)
c)
d)

wavelength dependence;

temperature dependence;

optical power stability;

connection repeatability/reproducibility.

6.3.2

Wavelength dependence

6.3.2.1 Set-up

Figure
perfor
shall b

6.3.2.]

The calibration equipment is as follows: the optical power meter should be calibrated acc

to IEC

6.3.2.1

The c

a)

b)

c)
d)

e)

9 shows a calibration system for wavelength dependence. This calibration_sho
med under the reference calibration conditions with the exception of the wavelen
e performed after the wavelength calibration (5.2.3).

Z’Z’EE g_]

Light source Optical power meter

IEC
Figure 9 — Measurement set-up for wavelength dependence

p Calibration equipment

61315.

] Calibration procedure for determining wavelength dependence

Th
ind
Rd
giv

Set the wavelength of the optical power meter to the required calibration wavelength

Re

Llibration procedure is as follows:

optical power is measured at m wavelengths (more than 5) of the light source,
luding the upper and lower limits of the specified wavelength range.

garding the calibration system of Figure 9, the set optical power of the light sol
en by Pr g i and’the instrument reading of the power meter is given by Pji’j.

cord the_measured optical power P;” for all (m) wavelength settings /7 g; ; used.

C

hld be
gth. It

prding

TLSi,j

rce is

Icdlate the standard uncertainty of optical power (j) due to TLS output wave

actording to:

length

1
22
uDP,‘n = Z[PA“,,j_mZ;;PAij [mz'll)}zd}
i=

(25)
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6.3.3

Uncertainty at operating conditions

The uncertainty for the calibration optical power for any operating condition is given by:

B 2 2 2 2 2 2 2)2
—(SDPj +uDPj,/l +uDPj,A® +uDPj,At +uDPJ',Con +uDPj,reS +“PMP. )

Up
Lif J

J.op

(26)

The €

J,0H

where

k co

7 D

7.1
Calibr

up , Up and up, are evaluated tor the operating conditions;
Pj,A@ Pj,At Pj,con

is the relative uncertainty of optical powér Tres¢lution

defined by

u
DP/,res

is the uncertainty of the power meter at optical pov
as described in its certification.

xpanded uncertainty for the calibration optical powér under all operating con
, With a coverage factor %, is expressed as follows:

UD = kl/lD
Pj.op Pj.op

'responds to an appropriate level of confidence as described in Clause A.5.
bcumentation

Calibration data-and uncertainty

ation certificates’ claiming to be in compliance with this document shall inclug

following data and-their uncertainties, and the uncertainties shall be stated in the fq

estimg

NOTE 1
and co\

ted confidence intervals by multiplying the relevant standard uncertainty by %:

Refef to Annex A for information on uncertainty and Clause A.5 for further details on level of cor]
erage factor.

=(dPrs; | Pris,) |28 (dPrg,

optical power resolution of the optical power meter}

litions

(27)

e the
rm of

fidence

a) the wavelength deviation, DA/_, and its uncertainty, k”l,-ref' for example, is in nm, in a

vacuum — see the detailed requirements in Clause 5;

b) the optical power deviation, DPJ_, and its uncertainty, kuDP . for example, is in % or dB —
jre

see the detailed requirements in Clause 6.

NOTE 2 Other tests can be added to the documentation, refer to Annex B for more information.
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7.2 Calibration conditions

The calibration method(s) and the method(s) of obtaining the measurement results shall be
stated.

Calibration conditions shall be reported. The most important parameters are the calibration
date, the displayed optical power, the displayed wavelength, the temperature, the humidity and
the atmospheric pressure.

NOTE The calibration results only apply to the set of calibration conditions used for the calibration process.
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A1

Annex A
(normative)

Mathematical basis for measurement uncertainty calculations

General

Annex A summarizes the form of evaluating, combining, and reporting the uncertainty of
measurement. It is based on ISO/IEC Guide 98-3. Annex A shall be read in conjunction with
ISO/IEC Guide 98-3 for additional information.

This d
Type
measy
based

A.2

The t
obser

For a
is:

This mean is used as the estimate of the quantity, that is x = X . The experimental sta

deviat

where

ocument distinguishes between two types of evaluation of uncertainty of measurg
A is the method of evaluation of uncertainty by the statistical analysis of‘a se
rements on the same measurand. Type B is the method of evaluation) of unce
on other knowledge.

Type A evaluation of uncertainty

ations have been made for a quantity under the same conditions of measurement

guantity X estimated from » independent repeated.0bservations X;, the arithmetic
- A&
X =55 X,

=

on of the observations s given by:

s(X) = { 1_1 i(xk_y)zl

ment.
ies of
rtainty

pe A evaluation of standard uncertainty can be appliedwhen several indepgndent

mean

(A.1)

ndard

(A.2)

X

s the arithmetic mean of the observed values;

X,  are the measurement samples of a series of measurements;

n is the number of measurements; it is assumed to be large, for example, n 2 10.

The type A standard uncertainty utypeA(x) associated with the estimate x is the experimental
standard deviation of the mean.

”typeA(x) =s5(X)= Sf/%()
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A.3 Type B evaluation of uncertainty

The type B evaluation of standard uncertainty is the method of evaluating the uncertainty by
means other than the statistical analysis of a series of observations. It is evaluated by scientific
judgement based on all available information on the variability of the quantity.

If the estimate x of a quantity X is taken from a manufacturer's specification, calibration
certificate, handbook, or other source and its quoted uncertainty U(x) is stated to be a multiple
k of a standard deviation, the standard uncertainty u(x) is simply the quoted value divided by
the multiplier.

W(x)=U(x)/ k (A.4)

If only|upper and lower limit X, and X,;, can be estimated for the value of'the quantity] X (for

example a manufacturer's specifications or a temperature range), a rectangular profability
distribution is assumed, and the estimated value is:

1

x :E(Xmax + Xmin) (A.5)
and the standard uncertainty is:
u(x) = == X ~ Xrin) (A6)
2\/5 max min .

The contribution to the standard-Uncertainty associated with the output estimate y resulting from
the standard uncertainty associated with the input estimate x is:

w(y)=cx u(x) (A.7)

where

¢ is [the(sensitivity coefficient associated with the input estimate x, which is the partial
derivative of the model function y(x), evaluated at the input estimate x.

dy
== A.8
c= (A.8)

The sensitivity coefficient ¢ describes the extent to which the output estimate y is influenced by
variations of the input estimate x. It can be evaluated by Formula (A.8) or by using numerical
methods, that is by calculating the change in the output estimate y due to a change in the input
estimate x from a model function. Sometimes, it can be more appropriate to find the change in
the output estimate y due to the change of x from an experiment.
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A.4 Determining the combined standard uncertainty

The combined standard uncertainty is used to collect a number of individual uncertainties into
a single number. The combined standard uncertainty is based on statistical independence of
the individual uncertainties. It is calculated by root-sum-squaring all standard uncertainties
obtained from type A and type B evaluation:

u?(y) (A.9)

e

1]
-

ug(y) =

where

i is the current number of individual contribution;
u;(») are the standard uncertainty contributions;

n is the number of uncertainties.

NOTE |[Itis acceptable to neglect uncertainty contributions to Formula (A.9) that are_smaller than 1/10 of the| largest
contribytion, because squaring them will reduce their significance to 1/100 of the largest contribution.

When|the quantities above are to be used as the basis for‘further uncertainty computations,
then the combined standard uncertainty, u;, can be re-inserted into Formula (A.9). Deinte its

partially type A origin, u. should be considered as describing an uncertainty of type B.

A.5 | Reporting

In callbration reports and technical data_sheets, combined standard uncertainties sHhall be
reported in the form of expanded uncertainties, together with the applicable level of configence.
Corregtion factors or deviations shall be reported. The expanded uncertainty U is obtaiped by
multiplying the standard uncertainty“ug(y) by a coverage factor :

U=kxug(y) A.10)

For allevel of confidence of approximately 95 %, the default level, then k= 2. If a Igvel of
confidence of approximately 99 % is chosen, then k£ = 3. The above values for k are validjunder
some |conditions, see ISO/IEC Guide 98-3 (GUM); if these conditions are not met, |larger
coverage factors are to be used to reach these levels of confidence.
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Annex B
(informative)

Other testing

General

Annex B provides some details on other tests which are not mandatory but are related to the
performance of tuneable laser sources.

B.2

B.2.1

Figurg
condit

B.2.2

Testin

A wa
wavel

B.2.3
The t¢g

a) Seft the wavelength’of the test light source to Ay 5. Set the optical output power of th

lig

Wavelength tuning resolution

Set-up

B.1 shows the test set-up for a wavelength tuning resolution test under standa
ons.
77 =
O — sEl
Optical fibre 7
Light source Wavelength meter

IEC
Figure B.1 — Measurement set-up.for wavelength resolution

Testing equipment

g equipment is as follows:

ength resolution of test light source should be used.

Testing procedure for determining wavelength resolution

sting procedure js.as follows:

Nt source 40.a suitable value.

b) Th

c) The wavelength of the light source is set only ¢dl to the long (or short) wavelength s

I

wavelength for A,.,s is measured with the wavelength meter.

d test

elength meter which has arbetter wavelength measurement resolution thgn the

e test

de for

Jers.

d) Inject the optical output of the light source into the wavelength meter. The wavelength for
Ameas+1 1S measured with the wavelength meter.

e) After the wavelength of the light source is returned to i1 g, the measurements should be
repeated over ten times (m times).

f) Calculate the wavelength setting resolution dirLs,; With Formula (B.1).

diTLs,
mxgq

_ i |’1meas+1,i B Ameas,i|
i=1

(B.1)
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g)

Repeat the measurements for a few (j) wavelengths covering the desired wavelength range.
Calculate the wavelength setting resolution with Formula (B.2).

ditis = max(diTLS,j) (B.2)

B.3 Optical power tuning resolution

B.3.1 Set-up

Figurg B.2 shows the test set-up for optical power tuning resolution setting tests under-stgndard

test conditions.

B.3.2 Testing equipment

Use an optical power meter with high resolution.

B.3.3 Testing procedure for optical poweriresolution

Testing procedure is as follows:

a)

b)

c)

d)

e)

f)

g)

27 - EI_]

Optical fibre —

Light source Optical power meter

IEC

Figure B.2 — Measurement set-up for optical power'resolution setting test

Sett the optical output power of the.test light source to P 5. Set the wavelength of the light
soprce to a suitable value.

Inject the optical output into\thie optical power meter. Measure the optical power P,o1. Wwith
the optical power meter.

Only set the minimum:variable width dP as a higher (or lower) output power undef Pt g
seftings for opticdl output power of test light source.

Mgasure the optical power P,.45+1 With optical power meter.

Affer the .goptical output power of test light source is returned to Pr g, the measurgments
shpuldsbe repeated over ten times (m times).

Cqloulate the optical output power setting resolution dP g / Pt g with Formula (B.3)

dPTLS,j _ & |Pmeas+1,i - Pmeas,i| /i Pmeas,i (B.3)

Pris; io m - om

Repeat the measurements for a few (j) optical powers covering the desired power range.
Calculate the power setting resolutions with Formula (B.4).

dP dPris
DTS _ max| S/ (B.4)
Pris Pris;
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Signal-to-source spontaneous emission ratio

General

Clause B.4 describes how to determine the side-mode suppression ratio (SMSR) of a laser with
SSSER that can be measured with an OSA (e.g. SSSER of 60 dB). However, in the case of
narrow line width laser sources such as an external cavity laser, the purity of the source can be
higher (around 90 dB) and therefore other methods can be used.

much

B.4.2

Figure
stands

Figun

B.4.3
The O

B.4.4

The t¢g

V4 - EI_]

Optical fibre —

Light source Optical spectrum

analyser
IEC

e B.3 — Measurement set-up for signal to total source spontaneous emission

Testing equipment

Testing procedure for determining signal-to-source spontaneous emissio
ratio

sting procedure is as follows:

SA is used to measure the optical signal power,and the spontaneous emission light.

under

ratio

—

a) Seft the wavelength of the test light source to i1 5. Set the optical output power to a siitable

va
sp

b) Set the wavelength, the wayelength sweep range, and the resolution bandwidth of a

to
ap
c) Inj
po
2
o}
AA

—h

ue. Usually, the optical poweriis set to the maximum optical output power defined
pcifications of the test lightrsource.

MTLS s “span» @nd Ags respectively. Usually, igp,, is approximately 100 nm, and
pbroximately 1 nn.

bct the optical output of the light source into the OSA. Measure the optical signal

s = AL( However, the 1 g + Ak, range will not be included as the measurement
the spontaneous emission light (refer to Figure B.4). Usually, Al is approximately §

by the

n OSA
}TGS iS

bptical

wer for P, Neasure the maximum value P, of a spontaneous emission optical Igvel in

range
0 nm,

Lo dS approximately 1 nm.

d) Calculate the signal-to-source spontaneous emission ratio with Formula (B.5).

SSER = —10Iog% dB/nm
1

where
SSER is the signal to source spontaneous emission ratio (dB/nm);
Py and Py are in mW

Jres is in nm
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Figure B.4 — Measurement of the signal to spontaneous emission ratio

ndard

NOTE |[For a TLS with a high SSER, the optical rejection ratio of the OSA can limit the measured value.
Recorf the ratio of signal optical power and the spontaneous emission light as well as the
measurement results.
B.5 |Side-mode suppression ratio
B.5.1 General
In geperal, SMSR of a laser source can be measured with an OSA as descriljed
IEC 61280-1-3:2021, 8.8. In the case of narrow, l[ine width laser sources such as an external
cavity|laser, however, the quite close intervalkbetween the main and side mode can |cause
difficu]ty to distinguish them with an OSA. Clause A.5 describes how to determine the SMSR of
such g narrow line width laser source.
NOTE |The testing approach adopted heré& measures the impact of SMSR on relative intensity noise (R|N), but
possibly underestimates the power of thexsidemodes when they are not in phase.
B.5.2 Set-up
A special testing systenitis'necessary, although it is performed by the tuneable laser spurce.
For edample, Figure B.5.shows the diagram of the test system of the SMSR test under stz
test conditions.
27 Optical fibre —
O , O]
. —
1
Light source . O/E converter Electrical spectrum

' analyser

I

1

)]

Optical power meter

IEC

Figure B.5 — Measurement set-up for the side-mode suppression ratio test
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Testing equipment

Testing equipment is as follows:

a) OJE (optical-electrical) converter: this is used for heterodyne detection of the intermode beat
spectrum between the signal light and the side mode light, converting the optical signal to
an electric signal. The frequency band should be several times wider than its mode spacing.
The optical-electrical conversion efficiency should be calibrated beforehand.

b) Electrical spectrum analyser: this is used to measure the beat signal level combined with
the signal light and the side mode light.

c) Optical power meter: this is used to measure the optical signal power.

B.5.4

The tg

Testing procedure for determining the side-mode suppression ratio

sting procedure is as follows:

a) Seft the wavelength of the light source to A g. Set the optical output power to a syitable

va
b) Inj
sig

c) Ng
sig

d) Cdlculate the SMSR (dB) in wavelength A g with Formula (B.6).

wh

R.

ue.
bct the optical output of the light source into to the O/E converter, and set the |
nal of the displayed beat signals measured by the spectrum anatyser to Rygat max

xt, inject the optical output of the light source into a optical-power meter to measy
nal power. Set this value to Py (dBm).

SMSR =10log fo

S,max

= 2R — Begtmax + R+ 10log(8R;) - 30

ere
max is a maximum side“mode optical power (dBm);
is the conversion efficiency of O/E converter (dB);
Ryg = 20Iog§
is.input impedance of OSA (Q).

argest
dBm).

re the

(B.6)

(B.7)

The following explains the measurement principle and Formula (B.6) for the SMSR.

It is assumed that the optical output spectrum of the test light source is composed with the side

mode

(Pg) that is away from AQ and the signal light (Py) — see Figure B.6.
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Figure B.o — Optical spectrum of tuneable laser source

When|the signal enters the measurement system shown in Figure B.7, the output'eUrrent ig of
the O/E converter is calculated with Formula (B.8):

ip = R{Ry + 2B, + 4[RyPycos (Awr )| (B.8)

where
R is p conversion efficiency of the O/E converter (A/W).

From Formula (B.8) when the beat current emerging ffom the signal light and the side mode is
ip,, thel beat signal power (electric) P, which is measured with the spectrum analyser, will be

calculated with Formula (B.9) and Formula (B.10):

iy = 4R\ RyPscos(Awt) (B.9)

R, =8R,FyP,R* B.10)

where
is the input impedance of the spectrum analyser (Q).

77 it —
Optical fibre R (AW)

O ]

Electrical spectrum
O/E converter analyser

Light source
IEC

Figure B.7 — Measurement set-up for SMSR
The SMSR, derived from Formula (B.10), is calculated with Formula (B.11):

2

R R

SMSR =-2 = 8R,R? 0 (B.11)
Fy B
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If the SMSR is in dB, it will be calculated with Formula (B.12):

b
= 2R g8m — B>.aem + Rgg +10l0g(8R;) - 30

P 2
SMSRg = 10log 8RZ-R2%

where

(B.12)

B
By dgm = 10|09—10(3 ;
R
B dBm = 10|091O—'33;

Ry = 20|og§.

NOTE |The testing approach adopted here is suitable for external cavity lasers only.
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CA

Annex C
(informative)

Linear to dB scale conversion of uncertainties

Definition of decibel

The decibel is a submultiple of the bel (1 dB = 0,1 B). This unit is used to express values of
power level on a logarithmic scale. The power level is always relative to a reference power Py:

where
P and

Cc.2

Simila

P
Lpp, =10xl0gqg [Foj (dB)

Po are expressed in the same linear units.

Conversion of relative uncertainties

r to the previous definition, relative uncertainties;{U);,, or relative deviations, g

expregsed in decibels:

Recip

For small values of Uj;,, the first term of the applicable Taylor series can be used. Havinp:

UdB =10><|Og10(1+U%)

ocally, U, can be expressed,if)% using:

)
Uy, =100 10/ _11x100

(C.1)

an be

(C.2)

(C.3)

n+1

In(1+x)=>" e and Iog10(x)::](—x)

n=1 n

that leads to:

10 o 1" 10
Ugg = —— — Ui ——U;
® |n(10)2”:1n " Zn(10) "

(C.4)

(C.5)
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and two useful expressions:

UdB z4,34><U|in C}U“n 50,23><Ud8 (C6)
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ETALONNAGE DES SOURCES LASER ACCORDABLES

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation composée
de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'I[EC a pour objet

2)

3)

4)

5)

6)
7)

8)

9)

de f] f

de l|électricité et de I’électronique. A cet effet, '|lEC — entre autres activités — publie des Normes internat
des| Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public. (f
des|Guides (ci-aprés dénommeés "Publication(s) de I'l[EC"). Leur élaboration est confiée a des comites d
aux| travaux desquels tout Comité national intéressé par le sujet traité peut participer. Lles organ
intefnationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent ég

aux|travaux. L’'IEC collabore étroitement avec I’Organisation Internationale de Normalisation (ISOJ),

des|conditions fixées par accord entre les deux organisations.

Les|décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la
du gossible, un accord international sur les sujets étudiés, étant donné que les'Comités nationaux (
intéfessés sont représentés dans chaque comité d’études.

Les|Publications de I'lEC se présentent sous la forme de recommandations internationales et sont
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisorinables sont entrepris afin qu
s’agsure de I'exactitude du contenu technique de ses publications; ''EC' ne peut pas étre tenue resp
de I|éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

Danjs le but d’encourager I'uniformité internationale, les Comités\nationaux de I'lEC s’engagent, dan
la mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications na
et rggionales. Toutes divergences entre toutes Publications. de I'lEC et toutes publications nation
régipnales correspondantes doivent étre indiquées en termes*clairs dans ces derniéeres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indép
fourhissent des services d’évaluation de conformité” et, dans certains secteurs, accédent aux n
de donformité de I'lEC. L’IEC n’est responsable d’aucun des services effectués par les organismes de cert
indgpendants.

TouE les utilisateurs doivent s’assurer qu’ils.sont en possession de la derniére édition de cette publicatid

Aucline responsabilité ne doit étre imputée’a I'lEC, a ses administrateurs, employés, auxiliaires ou mand
y cdmpris ses experts particuliers etilés membres de ses comités d’études et des Comités nationaux d
pouf tout préjudice causé en cas.de.dommages corporels et matériels, ou de tout autre dommage de

natyre que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les d4
décpulant de la publication ou de*f'utilisation de cette Publication de I'l[EC ou de toute autre Publication d
ou du crédit qui lui est accordé.

L’atfention est attirée sur les références normatives citées dans cette publication. L’utilisation de publ
réféfencées est obligdtoire pour une application correcte de la présente publication.

L'IEIC attire I'attention” sur le fait que la mise en application du présent document peut entrainer I'ut
d’ur] ou de plusi€urs brevets. L’'IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité
droif de propriété*revendiqué a cet égard. A la date de publication du présent document, I'lEC avait/n’a
recy notifieation qu’un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Tg
il y @ lieu diavertir les responsables de la mise en application du présent document que des infor
plug récentes sont susceptibles de figurer dans la base de données de brevets, disponible a I
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L'IEC 62522 a été établie par le comité d’études 86 de I'lEC: Fibres optiques. Il s’agit
d’une Norme internationale.

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) ajout de références a I'lEC 61315;

b) ajout du Tableau 1 et du Tableau 2 sur les incertitudes;

c) clarification des parameétres du wattmétre de référence en 6.2.3 et 6.3.2.3.
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Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
86/639/FDIS 86/643/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 'anglais.

Le prdsent document a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé
selon Jes Directives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, dispgnibles
sous yww.iec.ch/members_experts/refdocs. Les principaux types de documents:développés
par I'lEC sont décrits plus en détail sous www.iec.ch/publications.

Le cornité a décidé que le contenu de ce document ne sera pas modifié avant.la date de sfabilité
indiquge sur le site Web de I'lEC sous webstore.iec.ch dans les données refatives au document
rechefché. A cette date, le document sera
e reg¢onduit,

e supprimé, ou

e réyisé.
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INTRODUCTION

Les systémes de transmission par multiplexage par répartition en longueur d’'onde (MRL)
sont déployés dans les lignes optiques principales. Les recommandations UIT-T
de la série G.694 décrivent des grilles de fréquences et de longueurs d’onde
pour des applications MRL. Par exemple, la grille de fréquence
de la recommandation UIT-T G.694.1 prend en charge un certain nombre d’espacements
entre les canaux sur une plage allant de 12,5 GHz a 100 GHz et sur une plage plus large
dispositifs MRL, tels qu'un réseau de guide d’'onde (AWG, Arrayed Waveguide Grating),
des multiplexeurs (MUX) et des démultiplexeurs (DMUX) basés sur un filire a couche mince ou
sur des réseaux, avec un espacement étroit entre les canaux, sont intégrés dans les systémes

hccordables en longueur d’'onde sont utilisées la plupart du temps et sont néee
bbtenir des performances bien étalonnées. L’incertitude sur les longueurs’d

abilité de la puissance optique de sortie sont des paramétres importants)

Une pource laser accordable (TLS, Tuneable Laser Source) présente généralement
les fonctionnalités suivantes:

a) la|longueur d'onde de sortie est accordable de maniére- Continue dans une |plage
dellongueurs d’onde comprise entre 1 260 nm ou plus et 4,675 nm ou moins (il cognvient
quE la sortie n’excite que le mode fondamental LP01 de la fibre);

b) un|port de sortie pour connecteurs de fibres optiques;

L’envgloppe du spectre représente un mode longitudinal’unique avec une largeur a mi-hputeur
(FWHM, Full-Width at Half-Maximum) de 0,1 nm au plus. Tout mode adjacent est inférieur
d’au moins 20 dB par rapport au mode spectral”principal (par exemple, une diode| laser
a rétrqaction répartie [DFB-LD, Distributed Feedback Laser Diode], un laser a cavité externe,
etc.).
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ETALONNAGE DES SOURCES LASER ACCORDABLES

1 Domaine d’application

Le présent document fournit une procédure fiable et reproductible pour étalonner la longueur
d’onde et la puissance de sortie d’'un laser accordable en fonction des instruments de référence
tels que des wattmeétres optiques et des appareils de mesure de longueur d’onde optique
(y compris des fréquencemeétres optiques) dont la tracabilité a été préalablement étalonnée.

2 R

Les dq

de leyr contenu, des exigences du présent document. Pour les référencés datées,
I’éditign citée s’applique. Pour les références non datées, la derniéré |édition du doc
de réfgrence s’applique (y compris les éventuels amendements).

IEC 60793-2-50, Fibres optiques — Partie 2-50: Spécifications-de produits — Spécif
intermeédiaire pour les fibres unimodales de classe B

IEC 60825-1, Sécurité des appareils a laser — Partie.1: Classification des matéri
exigences

IEC 60825-2, Sécurité des appareils a lasér— Partie 2: Sécurité des syS
de télécommunication par fibres optiques (SFFO)

IEC 61315, Etalonnage de wattmétres pour dispositifs a fibres optiques

IEC 62129-2, Etalonnage des apparéils de mesure de longueur d’onde/appareil de
de la fréquence optique — Partie 2: Appareils de mesure de longueur d’onde

a intefférométre de Michelson

ISO/IHC Guide 98-3:2008; Incertitude de mesure — Partie 3: Guide pour [I'expr
de l'ingertitude de mesure (GUM:1995)

3 Termes, définitions et abréviations

3.1

bférences normatives

cuments suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou

partie
seule
ument

cation

pls et

temes

Termes et définitions

esure
nique

pssion

Pour les besoins du présent document, Tes termes et définitions suivanis s’appliquent.

L'ISO et I'l[EC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse https://www.electropedia.org/

e |SO Online browsing platform: disponible a I’adresse https://www.iso.org/obp

3.1.1

laboratoire d’étalonnage accrédité
toire d’étalonnage autorisé par [l'organisation nationale compétente a publier
des certificats d’étalonnage qui démontrent la tragabilité aux étalons nationaux

labora
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3.1.2

ajustage
ensemble des opérations réalisées sur un appareil pour qu’il fournisse des indications données
correspondant a des valeurs données du mesurande

Note 1 a I'article: Pour plus d’informations, voir I'lSO/IEC Guide 99:2007, 3.11.

[SOURCE: IEC 60050-311:2001, 311-03-16, modifi¢ — Le domaine a été supprimé, le terme
"appareil de mesure" a été supprimé de la définition et la Note a I'article correspondante
a été omise.]

3.1.3

étalonnage

ensenjble des opérations qui, dans des conditions spécifiées, établissent une relation| entre
les valeurs des grandeurs indiquées par un appareil de mesure et les valeurs correspondantes
fourni¢s par des étalons

Note 1 f I'article: Le résultat d’'un étalonnage permet soit I'affectation des valeurs d’un meésurande aux indigations,
soit la détermination de corrections par rapport aux indications.

Note 2 p I'article: Un étalonnage peut également déterminer d’autres propriétés metrologiques, telles qug I'effet
des grapdeurs d’influence.

Note 3 f I'article: Le résultat d’un étalonnage peut étre enregistré dans un decdment, appelé certificat d’étalonnage
ou rappport d’étalonnage.

Note 4 B l'article: Voir également I'lSO/IEC Guide 99:2007, 2.39.

3.1.4

conditions d’étalonnage

conditjons de mesure dans lesquelles I’étalonnage est réalisé

3.1.5

étalonnage dans les conditions de référence

etalonjnage qui inclut I’évaluation de lincertitude dans les conditions de référence de la §ource
de rayjonnement lumineux a étalonner

3.1.6

étalonnage dans les conditions de fonctionnement

étalonpage qui inclut A*évaluation de lincertitude dans les conditions de fonctionnement
de la $ource de rayonhement lumineux a étalonner

3.1.7

niveau de confiance

estimation-de Ta probabilité que la valeur réelle d’'un parameétre mesuré se trouve dans la| plage
donnéje

3.1.8

facteur d’élargissement

k

facteur utilisé pour calculer I'incertitude élargie U a partir de I'incertitude-type u
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de puissance optique

différence entre la puissance définie de la source de rayonnement lumineux a étalonner, P g,

et la puissance de référence correspondante, P

Note 1

Note 1
sont gé

3.1.11
condi
condit|

meas’

PTLS_PmeaS

Dp=
P P

meas

a l'article: 1 a puissance P est exprimée en unités linéaires par exemple W

mesurée par le wattmétre de référence

I'article: L’écart est relatif, il n’a pas d’'unité (il peut étre exprimé en %).

ures aux conditions de référence pour lesquelles les incertitudes d'un af
sure sont spécifiées

a larticle: Les conditions de fonctionnement et l'incertitude dans(Tes conditions de fonction
héralement spécifiées par le fabricant a I'intention de I'utilisateur.

lions de référence
ons utilisées pour les essais de performance d’'un appareil de mesu

pour l@4 comparaison entre les résultats des mesures

Note 1
de réfé

3.1.12

b |'article: Les conditions de référence comprennént généralement les valeurs de référence ou leg
ence pour les grandeurs d’influence affectant liappareil de mesure.

taux de suppression des modes latéraux

SMSR
rappo

t de la puissance de créte entre le spectre du mode principal et le spectre du mode

le plug large, ceci dans une diode laser unimodale telle qu'une diode laser DFB-LD

Note 1 p l'article: Le taux de_suppression des modes latéraux est généralement exprimé en dB.
3.1.13
longupur d’onde

longugur d’onde’(dans le vide) d’'une source de rayonnement lumineux

3.1.1
écart
D,

A

nlongueur d’onde

ble approprié de plages spécifiées de valeurs des grandeurs d’influence, généralement

pareil

nement

e ou

plages

atéral

différence entre la longueur d’onde cible, définie sur la source de rayonnement lumineux

a étalonner, it g, et la longueur d’onde mesurée, 4

meas» €N NM ou en ym

Dy = XTLS - )‘meas
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3.2 Abréviations

APC angled physical contact (contact physique a angles)

AWG arrayed waveguide grating (réseau sélectif planaire)

DFB-LD distributed feedback laser diode (diode laser a rétroaction répartie)
DMUX démultiplexeurs

FWHM full-width at half-maximum (largeur a mi-hauteur)

MUX multiplexeurs

O/E optique-électrique

OSA optical-speetrumanalyser{analysedrde-spectre-optique’

RIN relative intensity noise (intensité relative de bruit)

SMSR side-mode suppression ratio (taux de suppression des modes latéraux)
TLS tuneable laser source (source laser accordable)

MRL multiplexage par répartition en longueur d’onde

4 Préparation pour I’étalonnage

4.1 |Organisation

Il corjvient que le laboratoire d’étalonnage s’assure, que des exigences d’étalonnage
appropriées sont respectées.

NOTE |Des recommandations relatives aux bonnes pratiques d’étalonnage peuvent é&tre corlsultées
dans I'lBO/IEC 17025.

Il conyient qu’une procédure de mesure documentée soit établie pour chaque type d’étalonnage
effectlié, donnant des instructions de fonctiohnement étape par étape et I'appareillage a uiliser.

4.2 [Tracabilité

Il conjvient que le laboratoire~;d’étalonnage s’assure que des exigences appropriées
sont réspectées.

NOTE |Des recommandatiofis\"relatives aux bonnes pratiques d’étalonnage peuvent é&tre corlsultées
dans I'IBO/IEC 17025.

a un jprogramme~documenté avec une tracabilité reconnue par les laboratoires d’étalons

Tous IES étalons utilisés dans le processus d’étalonnage doivent étre étalonnés conformgment
nationjpux ou.par les laboratoires d’étalonnage accrédités.

Il est conseillé de conserver plus d'un étalon a chaque niveau de la hiérarchie, de telld sorte
que les—performances—detétaton—ptissentetre—verificesparcomparaisor—at—méme—riveau.
S’assurer que tout autre appareil d’étalonnage ayant une influence significative sur les résultats
d’étalonnage est étalonné.
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4.3 Préparation

Les conditions d’environnement doivent étre compatibles avec le niveau d’incertitude exigé
pour |'étalonnage:

a) les étalonnages doivent étre réalisés dans un environnement propre;

b) le contrdle et la commande de la température sont exigés;

c) toutes les sources Ilaser doivent fonctionner en toute sécurité (conformément
aI'lEC 60825-1 et a 'lEC 60825-2);

d) il convient d’examiner la sortie de la TLS avec un analyseur de spectre optique
(OSA, Optical Spectrum Analyser) ayant une résolution suffisante pour résoudre la structure
en|mode longitudinal dans le but de vérifier le fonctionnement en unimodal.

La température recommandée est de 23 °C, par exemple (23 = 2) °C. Laisser aUx-appareils
d’étalgnnage suffisamment de temps avant I'essai (un temps de 2 h est \recommandé)
pour gtteindre I'équilibre dans leur environnement. Faire subir a la TLS umtemps dg mise
en température conforme aux instructions du fabricant.

4.4 |Conditions d’étalonnage de référence

Les conditions d’étalonnage de référence incluent généralement les paramétres suivapts et,
si nécgssaire, leurs bandes de tolérance: date, températur€,, humidité relative, pregssion
atmosphérique, puissance optique affichée, longueur d’oride affichée, fibre, combifaison
connefteur-raccord, largeur de bande (spectrale) et largeur'de bande de résolution (résglution
spectriale) définies. Sauf spécification contraire, utiliseryune fibre amorce pour fibre optique

unimofdale de catégorie B1.1 ou B1.3 comme” spécifié dans [I'IEC 60793-2-50,
ayantjune longueur d'au moins 2 m. |l est souhaitable d’effectuer tout [I'étalopnage
dans yne situation ou les rétroréflexions sonti\négligeables. Ainsi, il convient d’Utiliser

des isplateurs et des connecteurs a angles chague fois que la situation le permet.

Utiliser la TLS conformément aux spécifications et aux modes opératoires du fabricant. Lgrsque
cela gst possible, sélectionner un ensemble de conditions et de paramétres d’étalonnage
de maphieére a simuler les conditions de fonctionnement réelles de la TLS a étalpnner.
Sélectlionner ces paramétres afin d’optimiser la précision de la TLS, comme indiqué
dans Ies modes opératoires du~fabricant.

Documenter les conditionsicomme spécifié a I’'Article 7.

NOTE |[Les résultats d’étalonnage ne sont valables que pour I'ensemble des conditions d’étalonnage (ytilisées
dans le|processus d’étalonnage.

5 Etalonnage de la longueur d’onde

5.1 Présentation

Les facteurs a l'origine de l'incertitude sur la longueur d’onde de la source de rayonnement
lumineux a étalonner sont les suivants:

a) lincertitude intrinséque de la source de rayonnement Ilumineux a étalonner
dans les conditions de référence, qui inclut les dépendances a la température et a la durée
pour ces conditions strictes;

b) les incertitudes dues aux dépendances a la puissance optique, la température et la durée
telles que dans les étalonnages dans des conditions de fonctionnement élargies.

La liste de la source d’incertitude est résumée dans le Tableau 1.
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Tableau 1 — Source d’incertitude pour I’étalonnage de la longueur d’onde

L’étalq
d’ondq
de fon

5.2
5.2.1
La Fi

Source d’incertitude Type d’origine Symbole
Répétabilité Mesure )
J
Température Environnement u
/lj,A('D
Stabilité Source de rayonnement Uy A
lumineux a étalonner Tk
Résolution de longueur d’onde | Appareil de mesure de la u,
longueur d’onde de référence j eS8
Etalonnage de I'appareil de Appareil de mesure de la UWM
mesure de la longueur d’onde longueur d’onde de référence 4j
Puissance optique Source de rayonnement u;, p
lumineux & étalonner Ao

nnage de la longueur d’onde dans les conditions de référence,” pour des long

discrétes, décrit en 5.2, est obligatoire. L’étalonnage dans les con
ctionnement, décrit en 5.3, est facultatif.
Etalonnage de la longueur d’onde dans des conditions de référence
Montage
gure 1 représente un systéme d’étalonnage de la longueur d’onde. L’étalo

est réalisé dans les conditions de référence données.

5.2.2

Un a
L’app4

5.2.3

V4

O]
Appareil de mesure

de la longueur d’'onde
IEC

[

Fibre optique

Source de
rayonnement lumineux

Figure 1 — Montage de mesure de I’étalonnage de la longueur d’onde

Equipement_d’étalonnage
bpareil de~mesure de la longueur d’onde doit étre utilisé pour [I'étalon
reil de.mesure de la longueur d’onde doit étre étalonné selon I'lEC 62129-2.

ueurs
ditions

hnage

nage.

Procédure d’étalonnage de la longueur d’onde

La procédure d’étalonnage est la suivante:

a) en utilisant le systéme d’étalonnage représenté sur la Figure 1, la longueur d’onde définie
de la source de rayonnement lumineux est donnée par iy s ;, et les valeurs mesurées

sont données par Ameas;; - L'incertitude de la mesure de la longueur d’onde tient compte

de la répétabilité de I'ajustage et de I'hystérésis de la TLS. L’hystérésis est définie comme
I’écart résultant de I'ajustage de la longueur d’onde souhaitée a partir a la fois de la longueur
d’onde plus petite et de la longueur d’onde plus grande;

b)

il est recommandé de répéter la mesure de la longueur d’'onde dix ((m)) fois. S’assurer

que la TLS est accordée sur At g ; avant chaque mesure. Il convient que la longueur d’onde

cible (j) soit approchée d’'une maniere telle que I'accord se fait a la fois depuis la longueur
d’onde plus petite et depuis la longueur d’onde plus grande;
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c) calculer la longueur d'onde mesurée moyenne imegs

1 m
imeas,j =_Z’1measi,j
M i

ou

est le nombre de mesures réalisées

(1)

il st nric naour hunathdsg atllg cha
A\ T P 154 T LD & o TrT e T

aue 2 est une valaur mavanng dg |'a
=Egd MEas 7] A V8- H—RBy-8RR g =

ppareil

(2)

(3)

de mesure de la longueur d’onde;
d) calculer I’écart en longueur d’onde Dl/ :
D}, =278~ * meas j
ou| At s ; estla longueur d’onde accordée de la TLS;
e) calculer I'écart-type pour /11- a partir des (m) résultats de mesure de la longueur ¢’onde
Anfeasij
1
1 - 2 2
Sa; 7 mi§1(’1meas ij _’lmeasj)
f) calculer la répétabilité de I'accord de la longueur d’onde Srep,zj3

NOTE

Cette
Un mi

Srep,)j = 2><s4~j

Un niveau-dé confiance par défaut de 95 % est utilisé dans la Formule (4).

procédure d’étalonnage doit étre réalisée pour chaque longueur d’onde d’étalor

nimum de 10 longueurs d’onde discrétes, ou tous les 10 nm, y compris la pre

longueur"d’onde, la longueur d’onde cenirale et la derniére longueur d’onde de lal
doivent étre mesurées.

(4)

nage.
miere
plage
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5.24

Dépendance par rapport aux conditions

5.2.41 Dépendance par rapport a la température (facultative, si connue)

52411 Montage

La Figure 2 représente un systéme d’étalonnage concernant la dépendance par rapport
a la température. Cet étalonnage est réalisé dans les conditions d’étalonnage de référence
a I’exception de la température.

5.2.4.
L’équi
a) un

de
b) en

aff
5.2.4.
La prg
a) en

)

qu

Sinpon, il convient d¢ caractériser plusieurs longueurs d’onde de sortie;

b) mg

la
po

c) ca

e 77

- Fibre optique

Source de _ Appareil de mesure
rayonnement lumineux de la longueur'‘d’onde

Enceinte contrélée en température

IEC

.2 Equipement d’étalonnage

pement d’étalonnage est le suivant:

par rapport a la température

cédure d’étalonnage est la suivante:

de la TLS a la puissanceoptique Py g; dans les conditions de référence: 4; o Il co
b |la longueur d’onde'utilisée posséde la réponse maximale aux variations de tempé

surer la longueur d’'onde de la TLS a la température (i): /lj@[ Il convient de p

moyenne <des longueurs d’onde lues correspondant a chaque réglage de tempé
ur déterminer 4;¢. ;
i

culer’écart en longueur d’'onde:

Figure 2 — Montage de mesure de la dépendance par rapport‘a la température

appareil de mesure de la longueur d’onde capable de détecter I’écart en longueur ¢’onde

la TLS en raison de la température;

Ceinte contrblée en température: s’assurer.que les résultats de mesure ne sont pas
pctés par la répartition de la températurecnterne.

3 Procédure d’étalonnage concernant la détermination de la dépendancp

utilisant le systéme d’étalonnage de la Figure 2, mesurer la longueur d’onde nopinale

nvient
ature.

endre

rature

Dlj@i = ij,@)»_ ’lj,ref

1

(5)
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répéter les étapes b) et c) avec (m) différents réglages de température ©; en s’assurant

que I'appareil dispose du temps nécessaire pour s’affranchir suffisamment de tout gradient
thermique;

i=m i=m
b

calculer les écarts de longueur d’'onde maximal max(D;‘j® )
i i=1

et minimal min(Dil,@')

i=1

I'incertitude-type concernant la dépendance de Ila longueur d’onde par rapport
a la température U ne a la longueur d’onde d’étalonnage (j), en utilisant un modéle

de distribution rectangulaire est:

1 i=m . i=m
uzj’AG) =—2\/§ maX(D/leGi )‘i:1 —m|n(D/1j1®i)‘i:1 (6)

ou

A® est la variation de température.

Il est ecommandé de procéder a une acquisition de longueur d’'ofide avec 'appareil de mesure

de la longueur d’onde optique pour la durée de cet étalonnage.

5.2.4.2 Stabilité de la longueur d’onde

5.24.2.1 Montage

La Figure 3 représente un systéme d’étalonnage de la stabilité de la longueur dfonde.
Cet étplonnage est réalisé dans les conditions d’étalonnage de référence a I'exception

du temps.

5.2.4.2.2 Equipement d’étalonnage

§iC =l
— Fibre optique —

Source de Appareil de mesure
rayonnement lumineux de la longueur d’'onde

IEC

Figure 3 =~ Montage de mesure de la stabilité de la longueur d’onde

Il est fecommandé d’utiliser un appareil de mesure de la longueur d’'onde capable de détecter

les fluptuations de longueur d’onde de la TLS.

5.2.4.2.3 Procédure d’étalonnage concernant la stabilité de la longueur d’onde

La procédure d’étalonnage est la suivante:

a)

une période (Az) assez longue, par exemple 10 min, doit étre choisie pour permettre
de procéder a au moins 10 mesures de la longueur d’onde avec l'appareil de mesure
de la longueur d’onde de référence (dans le cas de I'exemple, la stabilité est mesurée
sur 10 min);

il convient d’effectuer une acquisition continue de la longueur d’onde qui inclut les données
de longueur d’onde et d’horodatage;

s’assurer de corréler les (m) mesures par période, avec (m > 10) et exactement conforme
a la période souhaitée (A¢);
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d) calculer I'écart-type pour les (m) mesures de la longueur d’onde correspondant a la période

(A

1);

1
m 2 E
(lj!tj z Aj!ti )

1 & 1
i=1 m;_1

m—1

”/lj,At—

(7)

e) au minimum, 1 période est exigée pour évaluer la stabilité de la longueur d’onde de la TLS.
Dans ce cas, I'incertitude sur la stabilité de la longueur d’onde devient:

NOTE

Il conient de mesurer la longueur d’onde de la source de rayonnement)lumineux plus de d

Sstab,/lj,At: 2xu At

Un niveau de confiance par défaut de 95 % est utilisé dans la Formule (8).

(8)

ix fois

(m foig) consécutivement. 1l est recommandé d’effectuer au. moins quelques mgsures

par m

que leltemps de réponse de la source de rayonnement lumineux. Il est préférable de ¢

plusie

la valgur maximale est consignée.

5.2.5

L’ince

est donnée par:

ou

”zj,A®

u,.
Aj,res

“wm;,

nute. Il convient que l'intervalle de temps entre les mesures répétées soit plu

irs périodes a partir des données d’acquisition encuytilisant une fenétre glissa

Incertitude dans les conditions de référence

rtitude sur la longueur d’onde d’étalogpnage (j) dans les conditions de réfe

Sl_z

3 2 2 2 2
u, = +u +u +u +u .
A ref /lj,A® Aj,At /lj res WMAj

N| =

et WAt sont évalués pour les conditions de référence telles qu’elles sont d
en 5.2.4;

5 long
Iculer
te et

rence

(9)

pfinies

est l'incertitude sur la résolution de la longueur d’onde défini|e par

— ; [
) res— ALj 233

(d/lj est la résolution de longueur d'onde de l'appareil de mesure

de la longueur d’onde);

est I'incertitude de I'appareil de mesure de la longueur d’onde a la longueur

d’onde (j) telle qu’elle est décrite dans sa certification;

I'incertitude élargie sur la longueur d’onde d’étalonnage (j) dans les conditions de référence,

U’l -jref

, avec un facteur d’élargissement k est exprimée comme suit:

Aj,ref = keu A/‘,ref

(10)
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ou
k correspond a un niveau de confiance approprié comme cela est décrit a I'Article A.5.

Voir ’Annexe A et ’Annexe C pour plus d’informations sur les incertitudes.

Lorsque les réglages sont effectués sur l'appareil d’aprés les résultats d’étalonnage,
il est recommandé de répéter les étalonnages aprés ces réglages pour vérifier les corrections.

5.3 Etalonnage de la longueur d’onde dans les conditions de fonctionnement

5.3.1 Généralités

Effectuer la procédure d’étalonnage quand la source de rayonnement lumineux est\dtilisée
au-dela des conditions de référence.

Les différents facteurs de [lincertitude sur la longueur d’onde dans™ lés conditions
de fonlctionnement sont les suivants:

a) dépendance par rapport a la puissance optique;
b) dépendance par rapport a la température;

c) stgbilité de la longueur d’onde.

5.3.2 Dépendance par rapport a la puissance optique
5.3.2. Généralités

La Figure 4 représente un systéme d’étalonnage-‘concernant la dépendance par ragpport
a la pliissance optique. Il convient de procéder a cet étalonnage dans les conditions
d’étalgnnage de référence a I'exception dexa-puissance optique. Il doit étre réalisé|aprés
I’étalohnage de la puissance optique (6.2.3),

g =il
— Fibre optique —

Source de Appareil de mesure
rayonnement lumineux de la longueur d’onde

IEC
Figure 4 — Montage, de mesure de la dépendance par rapport a la puissance optifue
5.3.2.2 Equipement d’étalonnage

L’appareil de_mesure de la longueur d’onde doit étre étalonné selon I'lEC 62129-2.

par rapport alap

5.3.2.1

uissance

Les procédures d’étalonnage sont les suivantes:

a) la longueur d’'onde (j) est mesurée a m puissances optiques de la source de rayonnement
lumineux, Pri g ijrY compris les limites supérieures et inférieures de la plage de puissances

spécifiée. Il convient que l'intervalle entre ces niveaux voisins soit inférieur a 10 dB;

b) en utilisant le systéme d’étalonnage représenté sur la Figure 4, la longueur d’onde définie
de la source de rayonnement lumineux est donnée par /r g, ;, et les valeurs de I'appareil

de mesure de la longueur d’onde sont données par /lpij;
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