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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CALIBRATION OF FIBRE-OPTIC POWER METERS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred o, ds "IEC
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee-inferested
in the subject dealt with may participate in this preparatory work. International, governmentalsafjd non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates|closely
withl the International Organization for Standardization (ISO) in accordance with conditions)determ|ned by
agrgeement between the two organizations.

2) The|formal decisions or agreements of IEC on technical matters express, as nearly as_ possible, an interpational
congensus of opinion on the relevant subjects since each technical committee has_representation from all
intefested IEC National Committees.

3) IEC|Publications have the form of recommendations for international use and.are accepted by IEC WNational
Committees in that sense. While all reasonable efforts are made to ensure that the technical contenf of IEC
Publications is accurate, IEC cannot be held responsible for the way ijn.which they are used or [for any
misinterpretation by any end user.

4) In drder to promote international uniformity, IEC National Committ€es undertake to apply IEC Publ|cations
transparently to the maximum extent possible in their national and regional publications. Any divérgence
between any IEC Publication and the corresponding national or{regional publication shall be clearly indi¢ated in
the Jatter.

5) IEC]|itself does not provide any attestation of conformity.independent certification bodies provide copformity
assgssment services and, in some areas, access to IE€ marks of conformity. IEC is not responsible [for any
ser\ices carried out by independent certification bodie§’.

6) Al

7) No |iability shall attach to IEC or its directors;;employees, servants or agents including individual expgrts and
members of its technical committees and IEC‘National Committees for any personal injury, property dafhage or
othgr damage of any nature whatsoever; whether direct or indirect, or for costs (including legal feg¢s) and
expgnses arising out of the publication;”use of, or reliance upon, this IEC Publication or any other IEC
Pubjications.

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

8) Attegntion is drawn to the Normative references cited in this publication. Use of the referenced publicgtions is
indigpensable for the correct apptication of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the supject of
patgnt rights. IEC shall notybe held responsible for identifying any or all such patent rights.

This rledline version of the official IEC Standard allows the user to identify the changes
made|to the previous edition. A vertical bar appears in the margin wherever a change
has bgen made. Additions are in green text, deletions are in strikethrough red text
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International Standard IEC 61315 has been prepared by IEC technical committee 86: Fibre

optics

This third edition cancels and replaces the second edition published in 2005. It constitutes a

techni

cal revision.

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

a) up
b) up
c) up
d) ad

date of terms and definitions;
date of 5.1, including Table 1 (new type of source);

Hate of Annex A;
Hition of Annex B on dB conversion.

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

Full in
report

This d

In this

CDhV Report on voting
86/533/CDV 86/540A/RVC

formation on the voting for the approval of this International*Standard can be found
on voting indicated in the above table.

pbocument has been drafted in accordance with the/AISO/IEC Directives, Part 2.

document, the following print types are used:

— tenms defined in the document: in italic type:

The ¢
stabili
the sp

y date indicated on the IEC website under "http://webstore.iec.ch" in the data rels
ecific document. At this date, the document will be

e red¢onfirmed,

e e

° wilhdrawn,

laced by a revisedtedition, or

e anjended.

in the

pmmittee has decided that the contents of this document will remain unchanged until the

ted to

IMPO
that it

of its e

RTANT - The 'colour inside' logo on the cover page of this publication indi

contains colours which are considered to be useful for the correct understa
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INTRODUCTION

Fibre-optic power meters are designed to measure optical power from fibre-optic sources as
accurately as possible. This capability depends largely on the quality of the calibration process.
In contrast to other types of measuring equipment, the measurement results of fibre-optic
power meters usually depend on many conditions of measurement. The conditions of
measurement during the calibration process are called calibration conditions. Their precise
description-must is therefore-be an integral part of the calibration.

This document defines all of the steps involved in the calibration process: establishing the
calibration conditions, carrying out the calibration, calculating the uncertainty, and reporting the

uncertainty, the calibration conditions and the traceability.

The a
input
measlu

bsolute power calibration describes how to determine the ratio between the“value

of the

power and the power meter's result. This ratio is called correction) facto. The
rement uncertainty of the correction factor is combined followingy Annex Al from

uncerrinty contributions from the reference meter, the test meter, the’ setup and the
procedlure.
The calculations go through detailed characterizations of individual uncertainties. It is imgortant

es

b) a

tyg
an
thq

Cc) so

CalibH
calibrd

some uncertainties are
imations, experience-based,

etailed uncertainty analysis is usually only-negessary done once for each power
e under test, and all subsequent calibrationssean-be are usually based on this on
blysis, using the appropriate type A measurement contributions evaluated at the t
calibration, and

fype B

meter
e-time
me of

me of the individual uncertainties-can are simply-be considered to be part of a chgcklist,
with an actual value which can be negleeted.

btion—acecording—to Clause 5 defines absolute power calibration, which is mandat
tion reports referring to this decument.

CIausT 6 describes the evaluation’of the measurement uncertainty of a calibrated power
ed within reference ,conditions or within operating conditions. 1t depends dn the

opera
calibra
depen
specif
depen

tion uncertainty of\\the power meter as calculated in 5.4, the conditions a
dence on the conditions. It is usually performed by manufacturers in order to es
cations and is not mandatory for reports referring to this document. One of
dences, the_nenlinearity, is determined in a separate calibration (Clause 7).

pry for

meter

hd its
ablish
these

NOT

Fibre-opfic power metersmeasure
ot e power-meters-measH

fibre—Ht

E
=

is—abou
15sabod

Loy

d-indicate-the optical power inthe air at the end of an-optical
REeHhatecateth pHeatpowerththeat—atth RG-otah HeaHt
r

f

an
=

3 6 % Iswer than-inthe fibre due to F
Fo—retoWerthah—HhtheHbre-Gue o+

T . F' :

a5S-a

=
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CALIBRATION OF FIBRE-OPTIC POWER METERS

Scope

1

This document is applicable to instruments measuring radiant power emitted from sources that
are typical for the fibre-optic communications industry. These sources include laser diodes,

light emitting diodes (LEDs) and fibre-type sources.—Fhe—radiation—may—bedivergent—or
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initions

3 Terms and def

For the purposes of this document, the terms and definitions given in IEC TR 61931 and the

following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

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

3.1

accredited calibration laboratory
calibration laboratory authorized by the appropriate national organization to issue calibration
certificates with a minimum specified uncertainty, which demonstrate traceability to national
standards (3.14)

3.2
adjustment
set of| operations carried out on an instrument in order that it provides given “indidations
corresponding to given values of the measurand
Note 1 [to entry: When the instrument is made to give a null indication corresponding)to a null valug of the
measurpnd, the set of operations is called zero adjustment.
Note 2 jo entry: For more information, see ISO/IEC Guide 99:2007, 3.11.
[SOURCE: IEC 60050-311:2001, 311-03-16, modified — The werds "of a measuring instryment"
have heen deleted from the term, and Note 2 to entry has beeh added. see-alseVM-4-30]
3.3
calibrption
set of [operations that establish, under specified conditions, the relationship between the yalues
of quantities indicated by a measuring instrument and the corresponding values realized by
measyrement standards
Note 1 |to entry: The result of a calibration permits either the assignment of values of measurands| to the
indicatipns or the determination of corrections with respect to indications.
Note 2 [to entry: A calibration may alse (determine other metrological properties such as the effect of ifffluence
quantitips.
Note 3 |[to entry: The result of a calibration may be recorded in a document, sometimes called a calibration
certificdte or a calibration report:
Note 4 fo entry: See alsg1SO/IEC Guide 99:2007, 2.39.

v ”“ I S'I El f edllledl
3.4
calibrption-conditions
conditjons’of measurement in which the calibration is performed
3.5

centre centroidal wavelength

A

centre . . .
power-weighted mean wavelength of a light source in vacuum

Note 1 to entry: For a continuous spectrum, the-centre centroidal wavelength is defined as:

1
Ptotal

Aoontre= Ip(ﬂ)x/lxdxl

Piia— | p(A)xdA
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A—isH

+

Foras

Piotal

Note 2
source.
density

3.6
corre(
CF

he-vacuum-wavelength-of theitP-discrete line-

) [p(2)0as

Ptotal

ectrum consisting of discrete lines, the centroidal wavelength is defined as:

Nz
=S

s the power spectral density of the source, for example,yin W/nm;

s the vacuum wavelength of the it discrete line;

s the power of the z‘th discrete line, for example,in W;

s the total power, for example, in W.

to entry: The above integrals and_summations theoretically extend over the entire spectrum of t

However, it is usually sufficient to, perform the integral or summation over the spectrum where the
p(4) or power P, is higher than 0¢1,% of the maximum spectral density p(1) or power P;.

ttion factor

he light
Epectral

numerical factor by which the uncorrected result of a measurement is multiplied to compénsate

for syg

Note 1

tematic error.

o entry: \Fhis note applies to the French language only.
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Fhetirearratior R —oftworadiant-powers—P,—and—P,—can—-alternatively be-expressed-as—=a
| L diff . . 4B):
ALp-=40-0goR; ) =10Hog g(P1/Po}=10Hog o(P ) —10Hog g(Po)-
Similarly_relati inties Uy, lative_deviations. be al el ¥

10
Ugs =g Yin = 4,34 x Ujin {48}

NOTE 1SN 212 and IEC 800272 chauld ha cancultad for furthar datgile Tho rillae Af IEC 80N27_2 dAdn nn permil’
attachrlents-to-unit svmbeoels— However the unit svymbol dBm-iswidelhr used-to-indicate powerlevelsrelativéa tb- 1 m\W\
tachfemtstoUh-Symbois—Foweverthe- Ut symboramis-wiaety-useatothaicate powerteveisfreatvetp—mw

; . A : _

3.7
detector
element of the power meter that transduces the radiant optical power intd" a measdyrable,
usually electrical, quantity

Note 1 fo entry: In this document, the detector is assumed to be connected with the, optical input port by ar| optical
path.

Note 2 jo entry: For more information, see ISO/IEC Guide 99:2007, 3.9.

3.8
deviation
D

for-th¢-purpose—of-this—standard,—the relative difference between the power measured py the

test meter (3.32) Ppyt and the reference power P

D PDUT _Pref (3)

Pref

Note 1 jo entry: This note applies to the French language only.

3.9
excitation
<fibrep description-of the distribution of optical power between the modes in the fibre

Note 1 fo entrye=ln context with multimode fibres, the fibre excitation is described by

a) theg spot'diameter (3.31) on the surface of the fibre end, and

b) thelrumrericalaperitro3—F-of-the-radiation-emitied—from—the-fibre

Single-mode fibres are generally assumed to be excited by only one mode (the fundamental mode).

3.10
instrument state
set of parameters that can be chosen on an instrument

Note 1 to entry: Typical parameters of the instrument state are the optical power range, the wavelength setting,
the display measurement unit and the output from which the measurement result is obtained (for example, display,
interface bus, analogue output).
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3.1

irradiance
quotient of the incremental radiant power AP incident on an element of the reference plane by
the incremental area 24 of that element:

E =‘2—i (W/mz)

Note 1 to entry: For more information, see IEC TR 61931:1998, 2.1.15.

(4)

3.12

meas]nrement result

y
(displg
sugge

yed or electrical) output of a power meter (or standard), after completing~all 3
sted by the operating instructions, for example warm-up,—zereing zerg 'adjustme

wavelgngth-correction

Note 1

measur]
decibel
measur

3.13

to entry: Measurement result is expressed in watts (W). For the purpases* of uncertainty—af
bment results in other units, for example volts, should be converted to. watts. Measurement re

ement results expressed in watts. See Annex B.

measuyiring range

ctions
nt and

halysis,

Sults in

E (dB) should also be converted to watts, because the entire uncertainty accumulation is bgsed on

set of|values of measurands for which the error of a measuring instrument is intended to lie
within [specified limits

Note 1 fo entry: In this document, the measuring range is the'range of radiant power (part of the operating|range),
for whigh the uncertainty at operating conditions is specified. The term "dynamic range" should be avoided in this
context

Note 2 fo entry: For more information, see ISOMEG Guide 99:2007, 4.7.

3.14

national measurement standard

national standard

standdrd recognized by ‘& national decision to serve in a country as the basis for asgigning
valueqd to other standards of the quantity concerned

Note 1 jo entry: JO€ More information, see ISO/IEC Guide 99:2007, 5.3.

3.15

national standards laboratory

labora

3.16

tory which maintains the national standard (3.14)

nonlinearity

NL

relative difference between the response (3.28) at a given power P and the response at a
reference power Py:

r P)
nlpjpy = W_l

(5)
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If expressed in decibels, the nonlinearity is:

r(P)
NLpyp, =10xl0gjy—= (dB) (6)

(R)

Note 1 to entry: The nonlinearity is equal to zero at the reference power.

Note 2 to entry: The term "local nonlinearity" is used for the relative difference between the responses at two
different power levels (separated by 3,01 dB) obtained during the nonlinearity calibration. The term "global
nonlinearity" is used for the result of summing-up the local nonlinearities (in dB); it is identical to the nonlinearity
defined here.

3.17
numetrical aperture
description of the beam divergence of an optical source

Note 1 [to entry: In this document, the numerical aperture is the sine of the (linear), half-angle at wtlich the
irradianice is 5 % of the maximum irradiance.

Note 2|to entry: Adapted from the definition of the numerical aperture of multimode graded-index flbres in
IEC 60493-1-43:2015, Clause 3; in this document, the definition is used to describé)the divergence of all divergent
beams.

3.18
operating conditions
appropriate set of specified ranges of values of influence quantities usually wider than the
referepce conditions for which the uncertainties of a{me&asuring instrument are specifief—({see

Note 1 [to entry: The operating conditions and uncertainty at operating conditions are usually specified| by the
manufafturer for the convenience of the user.

3.19
operating range
specifled range of values of one of a‘set of operating conditions (3.18)

3.20
opticgl input port
physigal input of the power‘meter (or standard) to which the radiant power is to be appliefl or to
which [the optical fibre~end is to be connected

Note 1 fo entry: AnJ)optical path (path of rays with or without optical elements, such as lenses, diaphragms, light
guides,|etc.) is asstimed to connect the optical input port with the power meter's detector.

3.21

opticglréference plane
plane%mmmﬁmmmmerMWmeter
(3.31)

Note 1 to entry: The optical reference plane is usually assumed to be perpendicular to the beam propagation, and
it should be described by appropriate mechanical dimensions relative to the power meter's optical input port.

3.22

polarization dependent response

PDR

variation in response of a power meter with respect to all possible polarization states of the
input light:

PDR =10xlog;, ( ‘max j (dB) (7)

"min
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where
"max and rmin are the maximum and minimum response (3.28) taken over all polarization
states

Note 1 to entry: Polarization dependent response is expressed in decibels.

Note 2 to entry: This note applies to the French language only.

3.23

fibre-optic power meter-{fibre-optic)
instrument capable of measuring radiant power from fibre-coupled sources such as lasers and
LEDs, which are typical for the fibre-optic communications industry.—These-sources—include
laserdiodesttEDSanaHbres-

Note 1 [to entry: The radiation may be divergent or collimated. The radiation is assumed to be incident] on the
optical teference plane within the specified conditions.

Note 2 fo entry: A power meter may consist of either a single instrument or a main instrument and a separate
sensing head. In the case of a separate sensing head, the head may be calibrated withouti‘the main instrument.
Howevdr, if any analogue electronics are used in the main instrument, the sensing head)shall be calibrated fpgether
with thd main instrument.

NOTE | The measurementresult mayv-be-influenced by-the main-instrument
NOHE +HRe—meastd tH Dy—the-maiHhRstrdment;

used-in|

electrbnics—is
t HPpHESHS

Note 3 [o entry: A fibre-optic power meter is usually capable of measuring the time-average of modulated optical
power. |An increased uncertainty may be observed, which depends, onJthe duty cycle and the peak ppwer of
modulajed optical power.

3.24
radiant power
P
power|emitted, transferred, or received in/he form of optical radiation [1]1

Note 1 fo entry: Radiant power is expressediin watts.

3.25
referehce conditions
conditlons of use prescribed for testing the performance of a measuring instrument |or for
intercomparison of results;of measurements

Note 1 [o entry: The._reference conditions generally include reference values or reference ranges for the irjffluence
quantitips affecting themeasuring instrument.

3.26
reference meter
standard which is used as the reference for the calibration (3.3) of a test meter (3.32)

3.27

reference standard

standard, generally having the highest metrological quality available at a given location or in a
given organization, from which measurements made therein are derived

Note 1 to entry: For more information, see ISO/IEC Guide 99:2007, 5.6.

PAM;-6-6}

1 Numbers in square brackets refer to the Bibliography.
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3.28

response

,

measurement result of a power meter, y, divided by the radiant power on the power meter's
optical reference plane, P, at a given condition of measurement:

r :% (W/W, dimensionless) (8)
Note 1 to entry: An ideal power meter exhibits a response of 1 for all operating conditions.
3.29
spectral responsivity
responsivity
R
quotient of the detector output current I by the incident monochromatic optical pewer P:
1
R=— (A/W) (9)
P
Note 1 fo entry: The responsivity depends on the conditions (wavelength, temperature, etc.). See Figure 1.
Note 2 jo entry: This note applies to the French language only.
g A
< 1,2
> InGaAs
T
2]
c
< T T S W |
2]
(0]
x 0’6 8 e g
R T Y R e
024~ -\
0 t t f t ; t : t t f ; t >
400 500 600 %00 800 900 1000 1100 1200 1300 1400 1500 1600 1700
Wavelength (nm)
IEC
Key
Si silicon
Ge germanium
InGaAs| indium gallium arsenide
Fi —TFvoical rat ivitv-of-photoetectric—detect
3.30
spectral bandwidth
B

full-width at half-maximum (FWHM) of the source spectrum



https://iecnorm.com/api/?name=634dca5a532ac1bef4058a56f8260db9

IEC 61315:2019 RLV © IEC 2019 - 15 -

2 2
D RxJ D" B4 — Asentre)
. , 4
B=MxBpns =M L — Acentre =M L
DR
i

DR

i

where

M—=242In2 =235 (calculated-using-a-spectrum-with-a-Gaussian-envelope);
Pi . | f' th A | ,f . !“;
A—is-the-vacuum-wavelength-of the ith discrete line;

Acontrd 5 the-centre-wavelength-

Note 1 o entry: If the source is a laser diode with a multiple-longitudinal mode spectrum, then the €\ MMM ppectral
bandwidith B is the RMS spectral bandwidth, multiplied by 2,35 (assuming the source has a Gaussfan €nvelope):

1 2
B=2,35 PRACEYS! (10)
total
Potal = )R (11)
i
where
e is the centroidal wavelength (3.5) of the laser diode, in raf;
Piotal is the total power, in W,
P; is the power of ;th longitudinal mode, in W;

is the vacuum wavelength of ith longitudinal nfede, in nm.

Note 2 fo entry: |If the source emits at one waveglength only (single-line spectrum), it may be sufficient to|specify
an uppdr limit, for example spectral bandwidth <1 'nm.

Note 3 [o entry: It is usually sufficient to(perform the integral or summation over the spectrum where the gower is
higher than 0,1 % of the maximum powef.

Note 4 jo entry: This note applies to-the French language only.

3.31
spot diameter
diamefer of the _irradiated area on the optical reference plane, defined by the [(best-
approximation) circle at which the irradiance (3.11) has dropped to 5 % of the peak irradiance

Note 1 fto entryi, The ratio of 5 % was adopted for reasons of compatibility with the definition of the ngymerical
aperturg. @ther ratios are often used to describe laser beams, for example 1/e2 or 1/e. In that case, the rafio shall
be stat¢d\with the spot diameter value.

3.32

test meter

fibre-optic power meter (3.23) (or standard) to be calibrated by comparison with the reference
meter (3.26)

3.33

traceability

property of the result of a measurement or the value of a standard whereby it can be related to
stated references, usually national or international standards, through an unbroken chain of
comparisons all having stated uncertainties
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Note 1 to entry: For more information, see ISO/IEC Guide 99:2007, 2.41.
PM-6-106}
3.34
traceability chain

unbroken chain of comparison (See Figure 2)

Note 1 to entry: For more information, see ISO/IEC Guide 99:2007, 2.42.

National
standard

National standards laboratory
Y
Working
standard

Accredited calibration laboratofy

\i Y
Transfer
standard

Calibration laboratory of company

Y
Working
standard

Y

Test meter

IEC
Figure 2 — Example of a traceability chain

VIM-4.10]

3.35
workihg standard
standard that is used routinely to calibrate or check measuring instruments

Note 1 fo entry: A working standard is usually calibrated against a reference standard (3.27).

Note 2 jo entry: Formpre information, see ISO/IEC Guide 99:2007, 5.7.

3.36
zero error
measurement result of a power meter without irradiation of the optical input port

Note 1 to entry: For more information, see ISO/IEC Guide 99:2007, 4.28.
OAM-5.23)
4 Preparation for calibration

4.1 Organization

i ibeationlal ! satisf :  ISO/IEC 17025,

The calibration laboratory should ensure that suitable requirements for calibration are followed.
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NOTE Guidance about good practices for calibration can be found in ISO/IEC 17025 [18].

There 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
Therequirements of ISOAEC 17025 should-be-met-
The calibration laboratory should ensure that suitable requirements are followed.

NOTE Guidance aboutgood nractices for calibration can be found in ISQ/IEC 17025 1181
=) ™ =1

All stgndards used in the calibration process shall be calibrated according to a docuriented
progrgm with traceability to national standards laboratories or to accredited{ calilpration
laboraftories. It is advisable to maintain more than one standard on each hierarchical leyel, so
that tHe performance of the standard can be verified by comparisons on the.'same level| Make
sure that any other test equipment which has a significant influence on the calibration reqults is
calibrated. Upon request, specify this test equipment and its traceability chain(s). The
re-calibration period(s) shall be defined and documented.

4.3 Advice for measurements and calibrations

4.3 giyes general advice for all measurements and calibrations of optical and fibre-optic |power
meters.

The calibration should be made in a temperature-controlled room if non-temperature-conLroIIed
detecfors are used. The recommended température is 23 °C. Humidity control mpy be
necespary if humidity-sensitive optical detectors are used, or if there is the possib|lity of
condepsation on the components. A changé. 'of the laboratory's humidity may change the
absorption of air and thereby change the: power. This effect is relatively strong bgtween
1 360 |nm and 1 410 nm, especially when'@ sequential-type, open-beam calibration is us¢d and
the humidity changes between the steps. In parallel-type calibrations with open-beam p4gths of
approximately the same lengths, thexmeasurement results of both the reference meter a[{]d the
test meter will change at approximately the same time, with negligible effect on the califpration
result.

The lgboratory should be-kept clean. Connectors and optical input ports should alwagys be
cleangd before measurement. The quality and cleanness of the connector in front pf the
detectpr should be_tchecked. All fibres should be moved as little as possible during the
measyrements; they can be fixed to the workbench if necessary. Sensors should be mopyed to
the fibre ratherthan the fibre to the sensor.

The optiecal_source that is used for the excitation of the power meter should be characferized
for—ceptre’ centroidal wavelength and spectral bandwidth. The spectral bandwidth shopld be
narrow enough to avoid averaging over a wide range of wavelengths. Means to ensure the
stability of the source, for example with the help of independent power monitoring, may be
advisable.

Laser diodes are sensitive to back reflections. To improve the stability, it is advisable to use an
optical attenuator or an optical isolator between the laser diode and the test meter. Because of
their narrow spectral bandwidths, the combination of laser diode and multimode fibre is also
capable of producing speckle patterns on the optical reference plane, resulting in an increased
measurement uncertainty.

Fibre connectors and connector adapters are likely to produce errors in the measurement
result [2] because of multiple reflections between the optical input port (or detector) and the
connector-adapter combination (as part of the source). Therefore, connectors and adapters
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with low reflectivity are recommended for the calibration. Otherwise, a correction factor and an
increased uncertainty may have to be taken into account.

It is advisable to use reference meters with detector diameters of = 3 mm, because they can
easily be irradiated with an open beam, and they are less susceptible to contamination (dirt and
dust). The reference meter's surface reflections should be as small as possible. If the source
emits a divergent beam, then a reference meter with an integrating sphere may be advisable. It
is also acceptable to use meters with "flat" detectors and mathematical correction, based on
multiplying the emitted far-field distribution with the measured angle-dependence of the

detec

Temp

becau

4.4

It is r¢g

tor of the reference meter, and integrating over the range of far-field angles.

Recommendations to-customers users

5e detectors exhibit strong temperature dependence over some wavelength ranges

ptions,

commended that the eustemer{user of the power meter) maintain at least one refe¢rence

power| meter, which allows comparison of the meters for confidence. These”’comparisops are
particylarly important before and after the meter is sent to recalibration, because they wil| allow

the us|
after t

03-16

A reg
user t

screen out excessive ageing, and possibly to adjust the recalibration intervals.

5 Absolute power calibration

5.1

Calibration methods

er to determine whether or not their scale has changed — for example due to trangport —
ne meter returns. Scale changes due to adjustment (3.2) (seedEC 60050-311:2001, 311-
and\AM ISO/IEC Guide 99:2007, 4.30) will be reported on thé calibration certificatg.

Ilar comparison of the correction factors (3.6), or of @he deviations (3.8), will allpw the

The calibration of a power meter is usually’achieved by exposing both the meter under test and

a calil
and by

rated power meter with known-uncertainty (the reference meter) to an optical radiation,
transferring the reference meter's (3.26) measurement result to the test meter (3.32).

The allowable spectral bandwidth (3.30) depends on the test meter's spectral respopsivity

(3.29)

the stronger its wavelength dependence, the narrower the spectral bandwidth.

bandwidths are<45 < 105nm, which excludes the possibility of calibrating with wider-ban

LEDs.

filters

There
"white}

Depern

Thnrnfnra eithekr |acar diodes or combinations n'F "white" sources-and narrow-ban

Usual
Hwidth

Hwidth
WHGHH

oo rfooCT OO T o O Gorict o TC—oourcoo <t

ore, one of the following is used in f/bre opt/c power meter ca//brat/ons Comblnatl

pns of
Hlight" seufees and narrow-bandwidth filters (for example monochromators), laser diodes,
or conpbinations’of supercontinuum lasers with tuneable bandpass filters.

dind on the type of source and the exciting beam geometry,—four six most fregquent

calibration methods can be distinguished, as depicted in Table 1:
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Table 1 — Calibration methods and correspondent typical power

Radiation source

Open-beam calibration

Fibre beam calibration

"White-light" with filter

P~10 pW

P~ 10 nW to 0,3 yW (MMF)
P ~2nW (SMF)

Laser diode

P~ 10 yW to-+ a few mW

P~ 10 pW to-+ a few mW (SMF
and MMF)

Supercontinuum laser with filter

P~1puW to a few mW

P ~1 pW to 700 pW (SMF and
MMF)

Key

MMF: multimode fibre (usually graded-index fibre)

SMF: gingle-mode fibre

For flbre-optic power meters,

fibore beam calibration

recommended. FQx opentbeam

calibragtion, a correction of the calibration results using a series of fibre beam\laser califpration

resultg

at a few wavelengths should be performed.

One can distinguish between the sequential and the parallel measurement method. When the
reference meter and test meter are sequentially exposed to the sourge, then the radiated |power

should

parall¢l-type calibration, a beam splitter or a branching devicefis,used to generate two
cite both the reference meter and the test meter simultaneously. In this case, the|beam

that e

be kept as constant as possible, for example by appropriate stabilization. Fpr the

pbeams

splitte[ or branching device ratio-sheuld shall be determined-as accurately as possible, and its
stabilify-shoeuld shall be investigated.

As an

example, a measurement setup for sequential, fibre-based calibration is illustrdted in

Figurg 3. A launching device, for removal of the.cladding modes and creation of an apprgpriate
modal|excitation, is included in the setup.

Reference
power meter

X
I 4 L i
S Br——1mO B pg———-r
Soufce Attenuator Launching
(optional) device

i

—
—

Y

Power meter

under test
IEC

Figure 3 — Measurement setup for sequential, fibre-based calibration

5.2

Establishing the calibration conditions

The calibration conditions (3.4) are the measurement conditions during the calibration process.
Establishing and maintaining the calibration conditions is an important part of the calibration
(3.3), because any change of these conditions is capable of producing erroneous measurement
results. The calibration conditions should be a close approximation to the intended operating
conditions (3.18). This ensures that the (additional) uncertainty in the operating environment is
as-smal low as possible. The calibration conditions should be specified in the form of nominal
values with uncertainties when applicable. In order to meet the requirements of this document,
the calibration conditions shall, atdeast a minimum, consist of the following:

a) the date of calibration;
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b) the ambient temperature with uncertainty, for example 23 °C + 1 °C;

c) the ambient relative humidity, if it has an influence; otherwise a relative humidity below the
condensation point is assumed;

d) the nominal radiant power on the optical reference plane (3.21);
e) the beam geometry:

1) an open (for example collimated) beam, described by the spot diameter (3.31) on the
optical reference plane, the beam's numerical aperture (3.17) and the irradiance (3.11)
distribution in the beam; typical irradiance distributions are: uniform, Gaussian or even
irregular (speckled);

2) the type of fibre and, if applicable, its degree of excitation (for example-fully-excited
within encircled flux templates defined in IEC 61280-4-1 when using an A1a\qr A1b
multimode fibre);

f) thg connector-adapter combination: the connector type, polishing and adapteryas part|of the
exgiting source (if applicable);

g) the-centre centroidal wavelength (3.5) of the exciting source-with-its-uncertainty;
h) the spectral bandwidth (3.30) of the exciting source-with-its-uncertajrty

i) the state of polarization: "unpolarized light" or "polarized light, undéfinite state". If thg latter
is chosen, the uncertainty due to polarization dependent responsé (3.22) shall be taken into
actount in 5.4.3 and 5.4.5.

The above conditions may not be exhaustive. There-may might be other parameters that have
a sign|ficant influence on the calibration uncertainty and thérefore shall be reported, too.

In the|calibration with an open-beam, the power meter's optical reference plane (3.21) $hould
be ceptrally irradiated with a beam diameter smaller than the active area of the pptical
referepce plane.

In the|calibration with a fibre, a single-maode fibre or a multimode fibre may be used. A single-
mode [fibre-may can be advantageous-because of its reproducible beam characteristigs, but
may rjot be available for all waveléngths. If a multimode fibre is used, then—full exditation
betwegn 85 % and 95 % (slightly uinderfilled condition) is preferred because this excitatipn can
be mare easily reproduced (encircled flux templates defined in IEC 61280-4-1 are g good
exampgle of this condition). A-faunching device may be necessary to create the apprgpriate
excitation. Note that multimode fibres will emit irregular beam patterns (speckle patterns] when
driven| by a laser diode;this will result in an increased calibration uncertainty. —@pheal—pe#er—m

the clhdding /r\lar’lr’llnri mnr’lac\ should be removed with an appropriate mode trinber—or
tHe g us apPropHate 10G6e—St e—0OH

P
Hi ice_if .

A conpector-adapter combination should only be reported if the power meter is calibratgd with
a fibrg¢,—thatss and not with an open beam. It is recommended to use a combinafion of
conneftar and adapter with sufficiently low reflections back to the power meter.

5.3 Calibration procedure

(1) Establish and record the appropriate -calibration conditions (5.2). Switch on all
instrumentation and-waitfer allow enough time for it to stabilize.

(2) Set up the instrument state (3.10) of the reference meter and test meter according to the
instruction manual. Set the wavelength on all instruments for the source wavelength. Select
appropriate power ranges. Record the instrument states of both meters. Adjust the zero of
both meters if applicable.

(3) Measure the optical power with the reference meter Pg4 4. Multiply the measurement result
by the correction factor of the reference meter CFg4 reported in its calibration certificate if
it has not been adjusted. Multiply by the correction factor CFpan4e calculated in 5.4.4 if
necessary. Record the measurement result, Peq = Pgiq 1 % CFgiq x CF, —Fhis—is—the

bochootaio o tho s oo

change-
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(4) Measure the optical power with the test meter. Apply necessary corrections as suggested
by the operating instructions. Record the measurement result, Py 1.

(5) Calculate the first of a series of correction factors:

Fef 1
CFcomparison,1 = (12)
But,1

(6) Repeat steps (3) through (5) several times, with the result of obtaining several correction
factors, CFcomparison,1 to CFcomparison,n'

(7) Calculate and record the average correction factor, CFp,t from the individual correction
fagtors:

1 n
CFput ZZXZCFcomparison,i (13)
i=1

If desired, the deviation D can be calculated from the correction factor:

1

= -1 (14)
Clpyt

D

In latgr use of the test meter, the measurement results shall be multiplied with ¢Fpy7.
Alterngtively, an adjustment (3.2) of the test meter can‘be made so that the correction factor is
changed to 1. In this case, the comparison should be repeated for verification.

5.4 |Calibration uncertainty
5.4.1 General

The cplibration uncertainty is the measurement uncertainty of the correction factor {Fp .
Calculate the combined standard uncertainty from:

2 2 2
”(CFDUT):\/”setup +Uref TUDUT (15)

where
usetyp | i the uncertainty due to the setup (5.4.2);

Upef is the*uncertainty of the reference meter (5.4.3);

upyt | is the uncertainty due to the test meter (5.4.5).

NOTE Equation (15) is valid only if the input quantities are independent or uncorrelated. If some
input quantities are significantly correlated, take the correlation-must-be-taken into account.
See-GUM ISO/IEC Guide 98-3 for more detail.

Then calculate the expanded uncertainty from:
U(CFDUT)Zqu(CFDUT) (16)

where
k is the coverage factor.

See Annex A for more detail.
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5.4.2 Uncertainty due to the setup
The following uncertainties may come from the setup.

a) Uncertainty due to the source power instability. In addition to the intrinsic variation of output
power versus time, a laser source may react with unstable power to variations of back-
reflections and variations of the state of polarisation of back-reflected light.

b) Uncertainty due to the beam splitter or branching device ratio (for parallel method), for
example due to their polarization dependence.

c) Depending on the setup and method, other uncertainties may have to be taken into
account.

Instabjlity of the source power, of the beam splitter or branching device ratio (for pl‘arallel
methold) will cause a scatter in the measurement of the correction factor. The uncertainty due
to thgse instabilities can be calculated from the experimental standard devjation pf the
corredtion factors  CFoomparison,1 10 CFoomparison,n Measured during _the califration
(Equation (12)). The number of comparisons should be large to reduce this\uncertainty. See

Annex A for more detail on type A evaluation of uncertainty.

§ (CFcomparison )

Usetup,typeA = \/; (17)

where
S(CFcdmparison) 1S the experimental standard deviation-ofthe correction factors;
n is the number of measurement cycles during the calibration process.

This WUncertainty can also be calculated from’ya standard deviation evaluated oncq from
measyrements and used for all calibrations_6r-from a type B evaluation. The instability $hould
therefpre not vary too much from one calibration to the next and not depend on the test meter.
The number » in Equation (17) is always\the number of measurement cycles during the qurrent
calibrgtion process.

This type A evaluated uncertainty-will also be influenced by the repeatability of the conrection
when |using a sequential measurement method or by slight changes in the measurement
conditjons during the calibration process. It can (partially) take into account some pf the
uncerfainties due to the-reference meter (5.4.3) or test meter (5.4.5). Uncertainty components
should not be taken into-account twice but neither should they be forgotten.

Calculate the uncertainty due to the setup by combining all partial uncertainties descriped in
5.4.2:

R

m
Z
Usetup = \/ Usetup,i (18)
i=1

5.4.3 Uncertainty of the reference meter

The uncertainty of the reference meter is mainly due to its calibration, the uncertainties of the
current calibration conditions (3.4) and the dependence of the reference meter on these
conditions.

The following uncertainties shall be evaluated. The evaluation can be made on the basis of
measurements or estimations, or a mixture of both. The calculation of uncertainties is
described in Annex A. The measurement of dependence on conditions is described in 6.3.2.
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a)
b)
c)

d)

e)
f)

g)

Calibration uncertainty of the reference meter. It shall be obtained from its calibration
certificate.

Uncertainty due to the change from the conditions in which the reference meter was
calibrated and the current calibration conditions, ugpange, @s calculated in 5.4.4.

Uncertainty due to temperature dependence of the reference meter.

Uncertainty due to dependence on relative humidity of the reference meter. Power meters
with integrating sphere are particularly sensitive to absorption peaks of water when using
narrow laser sources.

Uncertainty due to dependence on the beam geometry of the reference meter.

ain du 0_deg ) multiple ion Multiple Yy exist
ween the optical input port and the radiation source (for example a connectoriadapter
combination). Different artefacts will change the measured power.

Uncertainty due to wavelength dependence of the reference meter.
Uncertainty due to dependence on source spectral bandwidth of the reference meter.

Uncertainty due to dependence on state of polarization of the referénce meter, exgept if
unjpolarized or depolarized light is used for calibration.

Uncertainty due to optical interference. Fabry-Perot cavities cangeccur between the surface
of the detector, of the window and the end of the connector, ifiused.

Urjcertainty due to the resolution of the reference meter, ifthe resolution of the reférence
meter is Jy.ef, the standard uncertainty is (see GUMISO/IEE Guide 98-3:2008, F.2.2.1)):

1
Uref resolution = ﬁéﬂef (19)

Uncertainties due to other dependences of\the reference meter. Depending on the type of
reflerence meter, there may be other uncertainties of the reference meter. These ghould
aldo be measured or estimated.

m) Uncertainty due to adeing of the reference meter.

Then calculate the,combined standard uncertainty of the reference meter from the n |above

standqrd uncertainties:

n
2 2
Uref :\ Z”ref,i +Uchange (20)

4
Y I—1

where u¢pange IS the uncertainty due to the change of conditions, as determined from 5.4.4.

5.4.4 Correction factors and uncertainty caused by the change of conditions

5.4.4.1 General

The reference meter may exhibit a different response because it was calibrated under
conditions different from the current calibration conditions. Examples of differences between
the two sets of measurement conditions are: parallel beam versus divergent beam, different
source spectra, a non-reflecting setup versus a setup with multiple reflections, or a large time
span between the two reference dates resulting in ageing of the standard.
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If the conditions under which the reference meter was calibrated are nominally identical to the
current calibration conditions (their uncertainties can be different) and if the ageing of the
reference meter is negligible, 5.4.4 can be skipped (CFchange =1).

As indicated in Figure 4, each change comprises the nominal change in conditions and the
change in uncertainty.

Condition in which the reference was
calibrated ("previous" condition)

"Previous" . »
® Nominal change of condition

(generates the correction factor)

uncertainty

"Current" measurement condition

\

"Current"

uncertainty |

Alternative A

"Current" uncertainty if
correction factor = 1

Alternative B

IEC

Figure 4 — Change of conditions and uncertainty

For each of the potential error contributions (5.4.4.2 to 5.4.4.8), one should decide |f it is
sensijle to calculate a correction factor or not. Alternative A includes the calculatiop of a
corredtion factor with the result of a‘relatively small uncertainty. Alternative B means waiving
the coyrection factors (or CFnange!= 1) and taking larger uncertainties into account to embrace
the wqrst-case conditions.

If alteqnative A is chosens.the (cumulative) correction factor is:

Tprevious
CFehange = = (21)
Teurrent
or CFhange =1—Ar (22)

where

Fprevious is the response of the reference with excitation at the conditions at which it was

calibrated,
Tourrent is the response of the reference with excitation at the current calibration conditions;
Ar is the relative change of response—Ar—=—(rqyious Fourrent—current

Ar = (reurrent — ”previous) I Teurrent-

Calculate the (cumulative) reference meter's change-related correction factor by accumulating
the partial correction factors, CF pgnqe i OUtlined in 5.4.4.2 to 5.4.4.8. For each influencing
quantity X;, start with the calculation ot the partial correction factor:
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CFchange,i =1-Ap

(23)

The relative change of response Ar; can be directly measured by changing the influencing
quantity from the "previous" to the "current" calibration conditions or calculated from the
nominal change of the influencing quantity Ax; and the reference meter's nominal relative

depen

dence on this quantity:

CFehange,i = 1—¢ix Ax

(24)

If the

should be taken into account:

where

u(cy)
de

Finally, calculate the reference meter's cumulative correction factor from the
contriputions:

and thle combined standard uncertainty due to the change of calibration conditions:

This gorrection“factor corresponds to a known change of response of the reference

cause

the power read by the reference meter (see 5.3).

he partial derivate of the relative response on the influence quantity X;, called\sen
pfficient. See ISO/IEC Guide 98-3:2008, 5.1.3 and 5.1.4, for more detail.

sensitivity coefficient is not known very well, the following type B uncertainty—|

Uchange,i = U (Ci )X Ax;

is the standard uncertainty of the sensitivity ceoefficient. The measurement
bendences is discussed in 6.3.

n
CFchange = HCFchange,i
i=1

n
2
Uchange = Z Uchange,i
i=1

H by(the two different sets of measurement conditions. It is a correction factor to a

Sitivity

has—to

(25)

pf the

above

(26)

(27)

meter
bply to
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Uchange,t = U(ct ) x At ZQT'I-/ﬁ%J_yea;_)@I_yeapz_&,@@_%—(_'Ig}

5.4.4.2 Correction factor due to temperature change

The correction factor CFgpange,¢ Should be calculated with the help of the nominal change
between the "previous" and the "current" temperature A® and the temperature sensitivity
coefficient cg of the reference meter (for example in %/°C).

chhange,@ ==t xA® (28)

5.4.4.3 Correction factor due to change of power level

The upcertainty should be calculated from the nonlinearity of the reference /meter betwepn the
"previpus" and the "current" power level. If necessary, a correction factor €an be caldulated
from:

ML
CFchange, =10 10 (29)
where

NL is the nonlinearity, expressed in decibels (dB). Measurement of nonlinearity is descriped in
Clguse 7.

5.4.4. Correction factor due to change of beam geometry

The dorrection factor should be calculated from the change of response measured| when
changjng the beam geometry.

5.4.4. Correction factor duge,to-dependence-on-multiple reflections change of the

connector-adapter combination

The reference meter's optical input port should generally be assumed to be reflective. $uch a
reflecion will travel back to the radiation source, for example, on an optical connectfpr, be
reflected again, and finally increase the displayed optical power level. This effect will giye rise
to a cgrrection factor-(usually < 1) and an increased uncertainty.

If, for [example;“"the source used in the calibration of the reference meter-was is non-reflective
and the source used in the calibration of the test meter is reflective (caused by an pptical

conneftof), then the total power indicated by the reference meter is erroneous ?y the
secon itional

5 % of the total power, then the individual correction factor is 0,95. This type of error can be
reduced by using sources with highly absorptive enclosures,—respectively or sources with
low-reflectivity connector-adapter combinations.

The measurement method is described in 6.3.7.

5.4.4.6 Correction factor due to wavelength change

The correction factor should be calculated with the help of the nominal change of wavelength
AZ and the reference meter's nominal wavelength dependence c;.

CFehange, =1-¢; x AL (30)
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5.4.4.7 Correction factor due to spectral bandwidth change

The correction factor should be calculated with the help of the nominal change of spectral
bandwidth and the reference meter's nominal dependence on the spectral bandwidth. Note that
the correction factor remains 1 as long as the (uncorrected) wavelength-dependence is linear
within the spectral bandwidth of the source. In the case that the wavelength dependence is
curved, the correction factor can be computed with the help of the wavelength-dependence of
the reference meter and the spectra of the two sources used in the calibration of the reference
meter and in the calibration of the test meter.

5.4.4.8 Other correction factors

Depending on the type of reference meter and the calibration conditions, there may_b¢g other
corregtion factors. These should also be measured or estimated as outlined-abeve inn5,4 §.1.

5.4.5 Uncertainty due to the-test-meter spectral bandwidths

Uncertainties arising from the test meter are mainly due to the uncertainties”of the califpration
conditfons and the dependence of the test meter on the conditions. The 'following uncertfinties
shall be evaluated. Their determination is similar to the evaluationndescribed in 5.4.3. The
calculation of uncertainties is described in Annex A, and the measurement of dependernjce on
condit|ons is described in 6.3.2.

a) Urcertainty due to temperature dependence of the test méter.

b) Uncertainty due to dependence on relative humidity.af the test meter. Power metefs with
infegrating sphere are particularly sensitive to aabsorption peaks of water when| using
nafrrow laser sources.

c) Uncertainty due to dependence on beam geometry. This uncertainty comes fron} non-
unfiformity and angle-dependence of the testdneter's optical input port.

d) Urcertainty due to dependence on multiple reflections. Multiple reflections may| exist
befween the optical input port and the radiation source (for example a connector-agapter
combination). Different artefacts willichange the measured power.

e) Uncertainty due to wavelength dependence of the test meter.
f) Uncertainty due to dependerice on source spectral bandwidth of the test meter.

g) Uncertainty due to dependence on state of polarization of the test meter, exgept if
unpolarized or depolarized light is used for calibration.

h) Uncertainty due to optical interference. Fabry-Perot cavities can occur between the surface
of the detector,the window and the end of the connector, if used.

i) Uncertaintydue to the resolution of the test meter. If the resolution of the test meter is
opuT. the.standard uncertainty is (see GUMISO/IEC Guide 98-3:2008, F.2.2.1):

1 S
# = 5 31
DU T, resolution 2\/5 JDUI ( )

j) Uncertainties due to other dependences of the test meter. Depending on the type of test
meter and on the calibration process, there may be other conditions causing uncertainties.

Then calculate the combined standard uncertainty contribution of the test meter from the n
above standard uncertainties:

n

2
upyT = Z”DUT,i (32)
i=1
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5.5 Reporting the results

Suitable requirements for reporting the results of each calibration should be followed.

NOTE Guidance about good practices for reporting the results of calibration can be found in ISO/IEC 17025 [18].

Calibration certificates or calibration reports referring to this document shall, atleast a
minimum, include the following information:

a) all calibration conditions (3.4) as described in 5.2;

b) the test meter's correction factor(s) (3.6) or deviation(s) (3.8), if the test meter.was not
adjusted;

c) on|receipt correction factors or deviations and after adjustment (3.2) correétion factors or
deyiations in the case that an adjustment was carried out;

d) the calibration uncertainty in the form of an expanded uncertainty as described in 5.4;
e) the instrument state (3.10) of the test meter during the calibration;
f) ev|dence that the measurements are traceable (see ISO/IEC 17025:4999,-5-10-4-1-¢)).

6 Measurement uncertainty of a calibrated power meter

6.1 Overview

The measurement uncertainty of a calibrated power:meter is-greater larger than its califpration
uncerfainty. It is the combination of the calibration~Uncertainty and of uncertainty contrigutions
due to| the dependence of the power meter on_the conditions of measurement.

The determination of the measurement>uncertainty of a calibrated power meter uged at
referepce conditions or at operating conditions is not part of the calibration procesyq. It is
performed for example by manufactuters of power meters in order to establish specifications. It
is not mandatory for calibration cettificates or calibration reports referring to this document.

6.2 |Uncertainty at reference conditions

Refer¢nce conditions (3125) are used for testing the performance of a power meter |or for
intercomparisons. They are usually defined by manufacturers in order to specify the smallest
uncerfainty of a .measuring instrument; therefore, they are often identical or close[to its
calibration conditions.

The uncertainty at reference conditions is the uncertainty on the result of a measuremenf taken
by the| calibrated and adjusted power meter when operated at reference conditions. It dgpends
on thelcalibration ||nr\nrf9infy of the power mafnr', the reference conditions and the ana dence
of the power meter on the reference conditions. This is the reason why the uncertainty at
reference conditions is always larger than the calibration uncertainty. Even when the reference
conditions are identical to the calibration conditions (no uncertainty due to change of
conditions), the test—{power} meter's dependences on the reference conditions have to be
added (in quadrature) to the calibration uncertainty for a second time. Calculating the
uncertainty at reference conditions of the calibrated test meter is similar to calculating the
measurement uncertainty at calibration conditions of the reference meter described in 5.4.3:

2 2
UDUT ref_conditions = \/M (CFDUT ) +udyT (33)

where
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u(CFpyt) is the calibration uncertainty of the test meter, as determined—frem in accordance
with 5.4;

UpyT is the uncertainty due to the dependence of the test meter on the reference
conditions, as determined-frem in accordance with 5.4.5.

The description of the reference conditions should be made in the same way as the calibration
conditions described in 5.2.

6.3 Uncertainty at operating conditions

6.3.1 General

The upcertainty at operating conditions (or operating instrumental uncertainty, see -3)4.11 of
IEC 60359:2001) is the uncertainty on the result of a measurement taken by the calibrat¢d and
adjusted power meter when operated within a range of operating conditions (3.18)~1t dgpends
on the| calibration uncertainty, the operating conditions and the dependence of the’power|meter
on thel operating conditions:

2 2
UpUT,operating = \/ u”(CFpyt ) + Uextension (34)

where

u(CFp|y1) is the calibration uncertainty of the test meter{as determined-frem according fo 5.4.

is the extension uncertainty, due to the dependence of the meter on the opegrating
conditions, as determined from Equation\(35).

Ugxtendion

Contrary to the calibration conditions (3.4) described in 5.2, each operating condition shquld be
descriped by a range when possible. The set:0f operating conditions is specified by

a) the maximum time span between recalibrations,
b) th¢ range of ambient temperatures,
c) the range of power levels (measuring range),

d) the¢ range of beam geometries described by their spot diameter and numerical apertyre, or
the range of fibre types,

e) the applicable connector-adapter combinations, if any,
f) the range of wavélengths of the source, and
g) thé maximummspectral bandwidth of the source.

All pogsible.potarization states are included in the operating conditions by default. A relative
humidjty below the condensation point is also assumed.

The above conditions may be defined either by the power meter manufacturer or by the
calibration laboratory in charge of the calibration for operating conditions.

To calculate the extension uncertainty, combine all uncertainties due to the dependences on

the conditions:
< 2
Uextension = Z”extension,i (39)
i

are contributions to the extension uncertainty;

where:

Ugxtension,i
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n is the total number of contributions.
6.3.2 Determination of dependences on conditions

Each-individual dependence should be recorded as relative change of the meter's response,
caused by changing the relevant condition within its operating range. During the test, all other
conditions should be kept at the calibration conditions. The zero point is defined by the
response at calibration conditions. This way, each dependence can be specified by a range
that is defined by the maximum positive and negative changes of the response. An asymmetric
range about the zero point is the usual result, as shown in Figure 5.

A

Catibration Acttrat-set
condition of limits
Dependence

on operating \ a —: o /
condition I
0 T ‘ ! o
;4________:___}_ X

| |

: Specified range of i Operating, erdition
|

I 1

Ar (%)

operating parameter

IEC
Figure 5 — Determining and recording an extension uncertainty

In order to obtain good measurement accuracy, the gtidelines in Clause 4 should be observed.
Uncertainties in the measurements should be :as—small low as possible, becaude the
measyrement results shall include these uncertainties. It is acceptable to use estimations
insteaf of measurements if these estimations.@re based on known physical relations of on a
sufficiently large number of characterizing measurements of the same type of test meter.

For the determination of the combined “standard uncertainty of the test meter at operating
conditfons, the limits quantifying the_individual dependences shall be converted to standard
uncerfainties using Equation (A.5)

The ipdividual uncertainties “are usually assumed to be independent. However, in|some
instanfes an uncertainty . may be strongly dependent on more than one condition. Examples are
outlingd in 6.3.5, 6.3.7 and 6.3.8. If the extension uncertainty is substantially increaged by
changjng the other conditions (within their specified operating ranges), this larger uncefrtainty
shall pe recorded.\The calculation of the uncertainty shall then be based on these |larger
uncerfainties.

6.3.3

Ageing g s ed from
the results of successive ca//brat/ons of the meter at the same cond|t|ons or from |nd|cat|ons of
the manufacturer.

For a manufacturer, the relative change of response—during over a given period shall be
determined with the assumption of careful use of the instrument. It is recommended to expose
the power meter to its typical environmental conditions, for example ambient temperature
(23 £ 1) °C for a laboratory-type instrument, optical input port non-irradiated, continuously
repetitive cycles of power-on 12 h, power-off 12 h, with a total test time equal to the given
period. The change of response should be measured by comparison with a working standard.
Regular and traceable recalibration of the working standard will be necessary, in order to
exclude ageing of the working standard. As always, the measurement uncertainty, in this case
mostly the uncertainty of the working standard, shall be taken into account.
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It is recommended to calculate the ageing uncertainty from a rectangular distribution obtained
as described above (see Clause A.3). If, for example, a detector is known to increase its
response by a maximum of 0,1 % per year at a certain wavelength, then the ageing uncertainty
is characterized by a rectangle that extends from 0 % (at time 0) to +0,1 % (at time 1 year).

6.3.4 Dependence on temperature

The relative change of response against the response at the calibration conditions should be
measured by changing the temperature within the operating temperature range. The
rectangular uncertainty distribution is then defined by the most negative and the most positive
relative changes of the response. Only the extremes of the response as a function of the
temperature are relevant, not the responses at the extremes of temperature (see Figure 5).

Note that the temperature dependence of the spectral responsivity of semiconduciordefectors
depends on the wavelength.

6.3.5 Dependence on the power level (nonlinearity)

The rglative change of response against the response at the calibration.power level should be
measyred in accordance with Clause 7.

6.3.6 Dependence on the type of fibre or on the beam geometry
6.3.6. General

Fibre-pptic power meters may be designed to acceptdibres or open beams. It is assumgd that
the relsponse of the power meter depends on the’geometry of the light beam because, for
example, of non-uniformity and angle-dependencéof the meter's optical input port.

[

The rdlative change of response should be measured with a working standard that exhibit

— negligible angle-dependence,
— negligible surface reflections, and

— a qufficiently large active area.to capture the fibre beams or the open beams.

odd choice of working standard mav he 3 weall-charaectaerized n
o4C—CROoICe O WO G SaRGalrG—May——oe—a—Wen-ChalaCctedZeG—powed

Tal
J

| ™ Active area of optical
reference plane

/

N~ |~ (10 x 10) squares
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Figure 6 — Possible subdivision of the optical reference plane into 10 x 10 squares,
for the measurement of the spatial response
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Another possibility is evaluating the uncertainties with a mathematical analysis, based on the
assumption that all uncertainties are caused by non-uniform spatial responses of the test
meter's reference plane. In preparation of this analysis, the active area of the optical reference
plane should be subdivided into an array of squares, for example, 10 x 10 squares as in
Figure 6.

Then two types of measurements should be carried out:

a) measurements of the spatial power density, together with the angles of incidence, on the
optical reference plane as generated by the applicable beam geometries;

b) measurements of the test meter's spatial response, weighted with appropriate multipliers
whictrcharacterize—themreter' s dependenceomobtique—mcidence(angtedependenge), on
the test meter's reference plane: the spatial response should be measured with~a|beam
digmeter equal to the length of the square.

The change of response upon changing the beam parameters can then be evaluated pn the
basis pf modelling the necessary measurement results, by multiplying the (spatial) power|levels
with the spatial responses and adding all products. Note that the spatial responses are ysually
wavelgngth-dependent.

6.3.6.2 Measurement of the fibre dependence

by the
pr and
ector-

bandwidth of the source should be narrow‘enough to avoid averaging over a wide rapge of
waveléngths.

Step 1: the output of the reference*fibre is measured with both the working standard apd the
test meter, and the difference is (mathematically) adjusted to zero.

Step 4: the above procedure is applied to
a) a standard single-mode fibre as defined by IEC 60793-2, and

b) the (specified) fibre with the largest core diameter, the fibre with the largest
numerical‘aperture, or both.

The irtention of\the test is to measure the dependence of the fest meter on the type df fibre
and on the mode volume. The largest relative change of response against step 1 (positiye and
negative) should be used to determine the fibre-related uncertainty. The uncertainty shqll also
includg. the uncertalnty in measurmg the f|bre outputs with the Work/ng standard caused for
example =
working standard

In these measurements, a significant type A uncertainty may be caused by "speckles", in
conjunction with the non-uniformity of the optical input port. Speckles are irregular irradiance
distributions caused by interference between different modes in a multimode fibre. This effect
occurs particularly when the fibre is excited by the (highly coherent) radiation from a laser
diode. This uncertainty can be reduced by averaging a series of measurement results, in which
each sample is taken after a slight movement of the fibre. Fibre movement will change the
speckle pattern. Note this may be accompanied by a change of the total radiant power,
because of a change of the reflected power and the laser diode sensitivity to reflected power.

Speckles do not exist in single-mode fibres when the exciting wavelength is sufficiently longer
than the fibre's cut-off wavelength. Another possibility of eliminating the speckle pattern is
using a less coherent source, such as a filtered LED or a filtered "white" radiation source.


https://iecnorm.com/api/?name=634dca5a532ac1bef4058a56f8260db9

IEC 61315:2019 RLV © IEC 2019 - 33 -

6.3.6.3 Measurement of open-beam dependence

Similar to measuring the fibre dependence, the dependence on the spot diameter (3.31) and
the numerical aperture (3.17) of an open beam can be evaluated by comparison with a working
standard that exhibits a uniform large area detector and negligible angle dependence.

To address the problem of combined dependence on spot diameter and numerical aperture, it
may be sufficient to evaluate

a) the relative change of response (against the response at calibration conditions) due to
excitation with the specified smallest spot diameter — smallest numerical aperture, and

b) the—retativeehangeofresponse Hat with—the-spee i rarqeter —
langest numerical aperture.

6.3.7 Dependence on the connector-adapter combination

6.3.7 fiscusses the test meter's dependence on-multiple reerctionsJee%ween—the—epuea'—mpa
pert-ahd from the radiation source (for example an optical connector or other“mechanical parts
in the [beam path between the source and the optical input port). Note that'the reflections may
be spgcular or diffuse.

The relative change of response should be measured with the help of a working standafd that
exhibifs negligible angle-dependence and surface reflections.The fibre should be the pne-of
used for the calibration-conditions. It is advisable to hold(the fibre end in place during the
measyrement, in order to avoid any bending-induced changes of the power level. The $ource
used ghould not be too coherent to avoid Fabry-Perofype interference (see 6.3.8.2): it $hould
be brdad enough, for example, 1 nm or more.

Step 1: the reference beam geometry—{respectively exiting the source or the refg¢rence
fibre); (together with the referensé connector-adapter combination), is measured
with both the working standard and the test meter, and the differefce is
(mathematically) adjusted to zero.

Step 2: the step 1 procedure is applied to all specified connector-adapter combinatigns, by
repeating each connection several times to reduce type A uncertaintied. The
largest relative change of response against step 1 (positive and negative) $should
be used to determine the uncertainty. The uncertainty shall also include the type B
uncertainty in_ measuring the various combinations with the working stapdard,
caused for example by-multiple the reflections-en when using the working stapdard.

Referfing—te In accordance with the last paragraph of 6.3.2, it may also be necessary to
additignally measure the dependence with the highest-order fibre, as listed in 6.3.6.2. A high-
order [fibre willicreate a larger image on the optical reference plane, and therefore|make
limitatlons in\the positioning accuracy more obvious. In this case, an increased dependence
shoulq be recorded.

6.3.8 —Dependence om wavelength
6.3.8.1 General

The relative change of spectral response against the response at the calibration wavelength
should be measured. These measurements will normally be carried out using a spectrally
continuous source imaged through a spectrally discriminating instrument, for example a
monochromator or a number of spectral filters. The stray light, that is light not at the selected
wavelength, should be evaluated, in order to ensure accurate measurement results. The-centre
centroidal wavelength(s) and the spectral bandwidth(s) should also be measured. The
bandwidth should be narrow, because a wide bandwidth in conjunction with a strong curvature
of the test meter's wavelength dependence is capable of producing erroneous measurement
results. Note that extremely narrow spectral bandwidth may cause optical interference
problems, which is comb-like wavelength dependence, when the beam path contains one or
more optical resonators.
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The beam geometry should be—one—of the —calibration—conditions appropriate for the
determination of this dependence. It may be possible to substitute a fibre beam using a
combination of lenses and apertures. In this case, care should be taken to match the irradiated
spot diameter and position on the optical reference plane with those achieved using a fibre
input. Care should also be taken to ensure that back reflections from the optical input port do
not add uncertainties to the measurement results.

The measurement should be carried out by direct comparison with a working standard by using
the substitution technique. The working standard should have been calibrated for relative
spectral response.

Beca o T Uf thc IU:dtiVU:y :UVV PUWTI :UVC:Q ;II thCDC IIIUGDUICIIIUII{D, £LCT1TU adjubtlllcllt bOth
power| meters is essential. If the instrument comprises means of correction, for example a
calibration curve or a table stored in a memory, the relative change of response\frgm the
corregted response has to be measured.

Chanding the temperature may strongly influence the wavelength-dependénce. For example,
the wavelength-dependence of a germanium photodiode at 1 550 nm is yWuch stronger g4t 0 °C
than gt room temperature. In general, the wavelength uncertainty shall be calculated ¢pn the
basis pf the largest wavelength-dependence, in this case the one at 0.°C.

6.3.8.2 Dependence on wavelength due to Fabry-Perot type interference

When| using a narrow spectral bandwidth laser (B <«,j1'nm), the spectral response can
sometimes vary rapidly with respect to wavelength, aS\depicted in Figure 7. This is ysually
causefl by Fabry-Perot cavity(ies) in the optical path‘to the detector. Fabry-Perot caviti¢s can
occur |[between the two faces of the window in the. detector cap, between one face [of the
windoy and the detector itself, or, if a fibre is used,"between the end of the fibre and any|of the
other $urfaces.

Relative response (dB)

P

1535 1540 1545 1550 1555 1560

Wavelength (nm)
IEC

Figurée 7= Wavelength dependence of response due to Fabry-Perot type interference

In Figure 7, the peak-to-peak variation reaches Ayg = 0,2 dB (Ao, = 4,6 %), which is significant.
The standard uncertainty due to optical interference is the standard deviation of the sine
pattern.

1 A,

Uint = ——X
int \/5

-1,6% (36)

6.3.9 Dependence on spectral bandwidth

This dependence increases with the curvature of the detector's wavelength dependence. The
relative change of response as a function of the spectral bandwidth of the source has to be
tested within the specified range of spectral bandwidths. A monochromator can be used to
generate a variable spectral bandwidth; the actual power level should be measured with a
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working standard with negligible wavelength-dependence. The spectral-bandwidth dependence
can also be evaluated by mathematical analysis, based on the known spectral response of the
test meter and on the known spectral characteristics of the source.

6.3.10 Dependence on polarization

A method of evaluation of the polarization dependent response (PDR) (3.22) of the test meter
is to measure the response of the meter multiple times at different states of polarization. A
stable light source polarized to nearly 100 % should be used, otherwise use a polarizer after
the source as shown in Figure 8. A polarization controller is used to convert the fixed input
polarization state to all possible output states.

s OO _'iz

—

Polarization !
controller Power meter

IEC

Source Polarizer

Figure 8 — Measurement setup of polarization dependent response

The spurce power instability and the loss variation of the polatization controller should |be far
smalldgr lower than the polarization dependence of the test ‘meter. This should be verified by
replacjng the test meter with a detector with a very low polarisation dependent response.

NOTE The laser sources may react with unstable power when light with a varying polar|zation
state is back-reflected; therefore, an attenuator or iselator may have to be inserted betwegn the
source and the polarization controller.

Another PDR measurement method, the matrix method, can be adapted from the polar|zation
dependent loss (PDL)-measurement Mugher matrix method in—+EC-64300-3-142 |[EC 61B00-3-
2:2009, as described in [3].

6.3.11] Other dependences

Depending on the type of test_meter, there may be dependences on other parameters. [These
should also be characterized as relative changes of response against the response Jat the
calibration conditions.

One gexample may.'be including intensity-modulated optical signals into the opérating
conditjons, in theform of specifying a range of modulation frequencies and duty cycleg, and
evalugting the.type B uncertainty due to the modulation.-Be—aware It is important to talfe into
accoupt that.extreme duty cycles are capable of saturating the detector, the electron|cs, or
both.

7 Nonlinearity calibration

71 General

The nonlinearity (3.16) of the power meter should be calibrated to ensure accurate
measurements at power levels away from the calibration level and for relative measurements
such as loss and gain measurements. The calibration should be made by increasing and
decreasing the power level to detect nonlinearities at the boundaries of each amplifier range or,
whenever possible, to include measurement results at both sides of each range boundary, in
order to include nonlinearities at these boundaries.-Be—aware It is important to note that the
detector nonlinearity is dependent on the wavelength. As an example, an InGaAs detector that
is linear at 1 310 nm and 1 550 nm may be nonlinear at 850 nm.
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Several methods are possible. The superposition method is the reference method, as it is the
most accurate and does not require a reference standard (self-calibrating method).-Heowever;

All methods use sources with selectable power level, for example (stabilized) laser diode
sources and variable attenuators. The generated power levels should cover the specified
measuring range (3.13). During the test, the maximum permissible irradiance of the input port
should be defined by the optical power at the upper end of the measuring range and by
single-mode fibre excitafion

The ppwer level saturating the detector is dependent on the beam geometry. Ansmall spot
diamefer may saturate the detector at lower power than a larger spot diameter.

NOTE |Extreme ambient temperatures may increase the nonlinearity. Referringto-the-statement

on"dbnendence on-—more—than one operatina—condition" in 62 it mav' he necesshrv t
oh—~appehaence—oh—more—thah—oRe—operatihg——CcohaiHoR—I—boL—H—fhiad)f—Pe—RecesSpry—t

additignally As stated in the last paragraph of 6.3.2, some uncertainti€s, ¢an be dependgent o
more [than one operating condition, and it can additionally be gecCessary to measufe the
nonlingarity at the extremes of the operating temperature range; and to record an increased
uncerfainty at operating conditions.

(0]

>

7.2 |Nonlinearity calibration based on superposition
7.21 General

Highly]l accurate nonlinearity calibration is possible with the superposition method (also known
as theg "addition method") [4] [5]. A "fibred" version of the open-beam double aperture nmpethod
[6] [7]] may be used with single-mode fibres™~A possible setup is illustrated in Figure 9. The
power]is split into two different paths where shutters are located and then recombined pn the

power|meter under test.
-] — S
—

~

i
|
|
Attenuator 1 Reference
fm=—=—=—===-= | 1 power meter
| X Shutter !
>4 1 | ]
7 dB |1 N !
/ 1 | 1 0
s dB |__ 1 -
|||—‘ I“;_—““_l
| Shutter I
Squrce Attenuator | 14 . 1 Power meter
Brarchig [0]=] =1 : Brarrchimg under test
device 1 | device
- 1
Attenuator

IEC
Figure 9 — Nonlinearity calibration based on superposition

Stable, optically-isolated (to reduce sensitivity to reflections) distributed feedback (DFB) lasers
can be used, provided that the linewidth is broadened to yield an optimized coherence, as with
the procedure for the absolute calibration. The two paths of the setup should have different
lengths (around 100 m for DFB lasers) to avoid (Mach-Zehnder-type) interference fluctuations,
and unused branches of branching devices—must shall be terminated. The drawback of this
method is its higher insertion loss: typically around 1,5 dB for the first attenuator, 0,5 dB for the
first branching device, 1,5 dB for the second attenuators and about 3,5 dB for the combining
branching device for a total of about 7 dB. For higher power measurements, an optional optical
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amplifier (like an EDFA — erbium doped fibre amplifier — for the 1,55 ym band) can be inserted
between the source and the first attenuator.

7.2.2 Procedure

(1) Set the attenuators in the two paths so that the power measured on the meter is the same
when light is coming from one path or from the other path.

(2) Open both shutters and measure the total power from both paths simultaneously: P,y ;.
(3) Close the shutter on path b and measure the power from path a: P, ;.

(4) Close the shutter on path a, open the shutter on path b and measure the power from
path b: Py ;.

(5) If lhe sum of the individual powers is not equal to the total power, there is a nonlinearity:

P .
NL =10x|og10%(d8) (37)
a,i i

(6) Uding the first attenuator, attenuate the total power by a factor 2 (10-logy 2 = 3,01 [dB) to
the level of the individual powers of the preceding step.
(7) Rgpeat steps (2) to (6) through all the desired range.

(8) At|the end, the global nonlinearity is the sum of all the, lecal nonlinearities expresged in
decibels (dB), starting calculations from the reference power level where the nonlinearity is
zefo (higher order terms are neglected).

n+1
NLgiobal () ==Y NI foraw= -1, -2, -3, etc. (38)
i=0

NLgiobal (R)= 0 (reference power)

n
N gisbal (Pn):+ZNl4 forn =1, 2, 3, etc.
i=1
where
n <0 | indicates power levels lower than the reference power;
n >0 | indicatesspower levels higher than the reference power;
NL; is thexlocal nonlinearity for the ith step (i = 0 for the step where P, is the refg¢rence
power).

The resuftis—atistof gtobatmomtimearitiesforthe—whotepower range—imstepsof—3;0+dB as

seen in Table 2:



https://iecnorm.com/api/?name=634dca5a532ac1bef4058a56f8260db9

- 38 - IEC 61315:2019 RLV © IEC 2019

Table 2 — Nonlinearity

i Pa,i Pb,i Pa,i + Pb,i Pab,i NLi NLgIobaI(Pab,i)
w w w dB dB

2 NL, NL4 + NL,

1 NL,4 NL,4

0 Py NLgy 0

-1 NL_, —NLg

-2 NL_, —NLg = NL_,

The largest nonlinearity relative to the reference power is:

NLmax =+ maX(|NLg|0ba||) (dB)

(39)

This fesult of the nonlinearity calibration can be included in the test-meter's calijration
certifi¢ate or calibration report described in 5.5. If desired, NL,,, may be reported sep

togeth

Using
amplif]

ler with its applicable uncertainty, as calculated in 7.2.3.

3 dB power steps might be too large to detect nonlinearities that might app
er range boundaries. This limitation can be avoided Wy starting the calibration

severdl reference powers, or by taking separate measurements of the same power le

both s

7.2.3

des of the amplifier range boundaries.

Uncertainties

Typicdl possible uncertainties of this method include all possible power fluctuations dy
set off the three measurements such as source fluctuations due to drifts or sensiti

chang
large,
cumul

Anoth

result

ng reflections, instabilities due to interference if the coherence length of the laser
polarization sensitivity and resolution of the power meter. These errors for each st
htive and will add to the errors of the preceding steps.

br uncertainty is the inequivalence between the individual powers of each step an

ill not be reliable. For this last reason, the use of the optional attenuator in each

with th total power of the néxt 'step. If the individual powers are not properly balance

recommended, as shown.in Figure 9 (the shutter is usually included in the attenuator)

allow

versio
conne
measl
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Calculatg.first the combined standard uncertainty for the local nonlinearity (one step) u(]]
root-sum-squaring all relevant standard uncertainty contributions. Then calculate the sta

he power in each path to be balanced at the beginning of the measurements. A
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cted to thewsecond and third attenuators respectively. It has the advantage tq
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uncertainty of the global nonlinearity with:

where

u( NLgiopat ) =n xu(NL;) (dB)

n is the number of 3,01 dB steps counted from the reference level.
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7.3  Nonlinearity calibration based on comparison with a calibrated power meter
7.3.1 General

One possible measurement method is direct comparison of the test meter with a reference
meter by using the substitution technique. The reference meter is used to determine the output
power. Then the reference meter is replaced by the test meter. The measurement results of
both meters are recorded. In this case, errors can be due to the repeatability of the attenuator,
its PDL, the source power stability and the nonlinearity of the reference meter. The nonlinearity
of the reference meter should have been calibrated using a more accurate method.

It is advisable to repeat the measurements with the working standard to check for drifts in the
measyrement. In order to extend the measurements to low power levels, it is recommlended
that thle reference meter incorporate a low noise detector.

Instead of the substitution, simultaneous excitation of both the-standard referenice metgr and
the telst meter, with the help of an appropriate beam splitter or branching-device, is also
possiljle, as depicted in Figure 10. A beam splitter/branching device with¢anasymmetrig ratio,
or thg use of a second attenuator, will allow an extension of the-dyhamic range pf the
measyrement in both directions. The dependence of the ratio_to~the power level and
polarization has to be investigated.

Ul U

X 1
//
dB —>
—
T
Attenuator Reference
P (optional) power meter
//
s 4B /_\) ]
‘! =
Source Attenuator i
Branching T
de_Vlce Power meter
(optional) under test

IEC
Figure 10 — Measurement setup for nonlinearity calibration by comparison

7.3.2 Procedure

(1) Sdt the desired reference power with the help of the first attenuator.
(2) Mgasure.the radiant power with the reference meter P o o and with the test meter Ppjt o.

(3) Ingrease’ (or decrease) the power with the help of the first attenuator and record the |power
measured with the reference meter P ¢ and with the test meter Ppyr ;.

(4) Calculate the nonlinearity:

: P
NL =10xIogp ~2UTL_10xlogsq Pref" (dB) (41)

UT,0 ref,0

(5) Repeat steps (3) to (4) to cover the measurement range.

7.3.3 Uncertainties

Possible sources of measurement uncertainties are given in the following list, which may not be
complete exhaustive. Additional contributions may have to be taken into account, depending on
the measurement setup and procedure. The mathematical basis, Annex A, should be used to
calculate and state the uncertainties.
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a) nonlinearity of the linearity standard (usually calibrated by the superposition method);
b) source instability (back-reflections may cause source instability);

c) optical interference (the coherence length of the source should be smaller than the

distance between reflection points);
d) polarization dependence of the components;
e) resolution of the test meter;
f) stability of the ratio of the beam splitter or the branching device if used;
g) depending on the procedure, the repeatability of the attenuator.

the krjown attenuation of the attenuator. The main errors arise from ‘the nonlinearity
variable attenuator, its PDL in the case of single-mode fibres and the-source power stabil
It is also important to take into account the attenuator's repeatabilit
ngth dependence. This method is nevertheless useful,when high accuracy
necespary because it is simple and because the low insertion loss (only the loss
attenufator) permits measurement at higher power than_other methods (up to the ma
input power at which the attenuator remains linear).

7.5 |Calibration of power meter for high powermeasurement

Most photoelectric detectors become nonlineafr above an optical power of about 1
Sensors designed to measure power at higher'power usually incorporate an attenuator i
of the |[detector.

Absollite power calibration at high power [8] is not-always available widely. When not po
it is then necessary to calibrate the nonlinearity of the power meter up to high power.
context, high power is defined-‘as’powers greater than 10 mW. It is not straightforward
the same setup as described ‘in-the-previous-clauses 7.2 to 7.4 since several component
exhibif nonlinear effects. The behaviour at high power of all elements in the calibration
(conngctors, attenuatorsy branching devices, etc.) should be investigated. The superp
method is the preferfed method, since it does not rely on a reference standard, but no

ng the
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Bs not
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powerp due to the“possibility of nonlinear effects causing apparent nonlinearity of the
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Annex A
(normative)

Mathematical basis for measurement uncertainty calculations

A.1 General
Annex A summanses the form of evaluatmg, combmlng and reportmg the uncertamty of
measurement. ;
(GUM). It does not relieve the need to consult this guide for more advice. It is based on
ISO/IHC Guide 98-3. Annex A shall be read in conjunction with ISO/IEC Guide 983 for
additignal information.
This document distinguishes two types of evaluation of uncertainty of measurenient. Type A is
the method of evaluation of uncertainty by the statistical analysis of a series,of measurgments
on thg same measurand. Type B is the method of evaluation of uncertainty based on| other
knowlg¢dge.
A.2 |[Type A evaluation of uncertainty
Type A evaluation of standard uncertainty can be applied when several indepg¢ndent
obseryations have been made for a quantity under the safee conditions of measurement.
For a [quantity X estimated from » independent repéated observations X,, the arithmetic| mean
is:
N1 &
X=—)> X A.1
-2 X (A1)
k=1
This mean is used as the estifnate of the quantity, that is x - X The experimental stgndard
deviatfon of the observations is/given by:
1/2
1 n
S(X){ > (x-X) } (A.2)
n—1
k=1
where
} IS hG Gl;thlllct;u mnmreant Uf thU UbOGI VUd VG:UUO,

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:

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

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.

ux) =UKx)/ k (A.4)
If only| upper and lower limits X, ., and X, can be estimated for the value of(the quaptity X

{for-efample-a-manufacturer's-specifications-or-a-temperature range), a rectangular probability
distribption is assumed;-the-estimated-value-is.

1
x:E(Xmax + Xmin) {A-5)

L

1
u(x) = —=(Xmax = Xmin) (A-6)
2\/5 max min \ Y
The sfandard uncertainty is

u(x)= <|Xmax <3, [ Xomin _XDMAX (A5)

NQ)

The cpntribution to the standard untcertainty associated with the output estimate y regulting
from the standard uncertainty assogiated with the input estimate x is

u(y) = ¢ x u(x) (A.6)

where

¢ is fhe sensitivity coefficient associated with the input estimate x, that is the partial der|vative
of the model)function y(x), evaluated at the input estimate x.

oy
= e— A.7
£ — (A.7)

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 Equation (A.7) 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 be more appropriate to find the change in
the output estimate y due to the change in x from an experiment.

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
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individual uncertainties; it is calculated by root-sum-squaring all standard uncertainties
obtained from type A and type B evaluation:

ug (v)= ' u? () (A.8)

where

i is the current number of individual contributions;

) n ol ! hcmter LI R
ul(y) ATT UTT ostarfiuaru uriccriiallity CUTIUTOuUtuITS,

n s the number of uncertainties.

NOTE |H-is—acceptableto-neglect Uncertainty contributions—te in this equation that are smallef_than 1/1Q of the
largest |contribution are negligible, because squaring them will reduce their significance to,1/100 of the|largest
contribytion.

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 Equation (A.8). Desxite its
partialfy 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 sHall be
reported in the form of expanded uncertainties, together with the applicable level of confi:ﬂence.
Corregtion factors or deviations shall be reported. The expanded uncertainty U is obtaiped by
multip|ying the standard uncertainty u.(y) by a ceverage factor k:

U= k x ug(y) (A.9)

For a|level of confidence of approximately 95 %, the default level, then k= 2. If a lgvel of
confidence of approximately 99.% s chosen, then k = 3. The above values for k are valid|under
some | conditions (see GUMASO/IEC Guide 98-3); 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)

Linear to dB scale conversion of uncertainties

B.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 P:

P
Lp/p, =10x|og10(?0j (dB) (B.1)

where
P and|[P, are expressed in the same linear units.

B.2 | Conversion of relative uncertainties

Similaf to the definition in Clause B.1, relative uncertainties(U,,,, or relative deviations, ¢an be
expregsed in decibels:

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

Recipfocally, Uj;, can be expressed in % using:

Uds
Us, =10 10 —1/x100 (B.3)

For small values of Uj;,,-thefirst term of the applicable Taylor series can be used. Having

-1 . In x
d logqg x=—n*_ B.4
o Ane %0 =00 (B.4)

that lefpds to:

10 <& -1 10
Ugs = Uiin" ~ ——Uj
%® ~n(10) ; n ™ Tn(10) ™"

(B.5)

and to two useful expressions:

UdB z4,34)((_/]"1 <:>U|in zO’ZSXUdB (BG)
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CALIBRATION OF FIBRE-OPTIC POWER METERS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,

2)

3)

4)

5)

6)

7)

8)

9)

all

Tec
Pub)
in
gov
with

ication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee~i

he subject dealt with may participate in this preparatory work. International, governmental/ af
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
the International Organization for Standardization (ISO) in accordance with conditions) determ

agrgement between the two organizations.

The
con
inte

IEC

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.

Publications have the form of recommendations for international use angd-are accepted by IEC |

Conpmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Pub)
mis

ications is accurate, IEC cannot be held responsible for the way ,in“which they are used or
nterpretation by any end user.

In qrder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
trangparently to the maximum extent possible in their nationalsand regional publications. Any div
between any IEC Publication and the corresponding national oriregional publication shall be clearly indi

the

IEC
ass
ser

All
No

atter.

itself does not provide any attestation of conformity\lndependent certification bodies provide co
bssment services and, in some areas, access to IEC marks 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(Zemployees, servants or agents including individual expd

members of its technical committees and IEC National Committees for any personal injury, property dar
othgr damage of any nature whatsoever;ywhether direct or indirect, or for costs (including legal fe

exp
Pub)

bnses arising out of the publicationy use of, or reliance upon, this IEC Publication or any otk
ications.

Attelntion is drawn to the Normative references cited in this publication. Use of the referenced publicd

indi

Epensable for the correct application of this publication.

Attention is drawn to the fpessibility that some of the elements of this IEC Publication may be the su
patgnt rights. IEC shall not)be held responsible for identifying any or all such patent rights.

Interngtional Standard IEC 61315 has been prepared by IEC technical committee 86:
optics
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nird (edition cancels and replaces the second edition published in 2005. It constit
caldsevision.

hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to 12 "IEC
n
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hational
rom all
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cations
brgence
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formity

for any
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bject of
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This edition includes the following significant technical changes with respect to the previous
edition:

a) update of terms and definitions;

b) update of 5.1, including Table 1 (new type of source);

c) update of Annex A;

d) addition of Annex B on dB conversion.
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The text of this International Standard is based on the following documents:

CDV Report on voting
86/533/CDV 86/540A/RVC

Full information on the voting for the approval of this International Standard can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

In thispdocument, the fottowimg primttypes are used:
— tenms defined in the document: in italic type.

The committee has decided that the contents of this document will remain unchanged until the
stabilily date indicated on the IEC website under "http://webstore.iec.ch" in(the data reldted to
the specific document. At this date, the document will be
e reg¢onfirmed,
. wilhdrawn,

laced by a revised edition, or

e e

e amended.

IMPORTANT - The 'colour inside’' logo on the\cover page of this publication indicates
that it contains colours which are considered'to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Fibre-optic power meters are designed to measure optical power from fibre-optic sources as
accurately as possible. This capability depends largely on the quality of the calibration process.
In contrast to other types of measuring equipment, the measurement results of fibre-optic
power meters usually depend on many conditions of measurement. The conditions of
measurement during the calibration process are called calibration conditions. Their precise
description is therefore an integral part of the calibration.

This document defines all of the steps involved in the calibration process: establishing the
calibration conditions, carrying out the calibration, calculating the uncertainty, and reporting the

uncertainty, the calibration conditions and the traceability.

The apsolute power calibration describes how to determine the ratio between the“value
power and the power meter's result. This ratio is called correction) factol.
measyrement uncertainty of the correction factor is combined followingy Annex A

input

uncer
proce

The c

to know that

a) some uncertainties are type B estimations, experience-based,

b) a

tegt, and all subsequent calibrations are usually based on this one-time analysis, usi
appropriate type A measurement contributions evaluated at the time of the calibration

c) sofme of the individual uncertainties are simply.considered to be part of a checklist, 1
actual value which can be neglected.

Claus
referr

Claus
opera

calibration uncertainty of the“\power meter as calculated in 5.4, the conditions a
dependence on the conditions< It is usually performed by manufacturers in order to es
speciflcations and is nott\mandatory for reports referring to this document. One of
dependences, the nonlifiearity, is determined in a separate calibration (Clause 7).

rinty contributions from the reference meter, the test meter, the’ setup an
ure.

Iculations go through detailed characterizations of individual uncertainties. It is img

etailed uncertainty analysis is usually only done,ence for each power meter type

ing to this document.

T 6 describes the evaluation of'the measurement uncertainty of a calibrated power
e

of the
The
from
d the

ortant

under
hg the
and

ith an

¢ 5 defines absolute power calibration, which is mandatory for calibration reports

meter

d within reference conditiens or within operating conditions. 1t depends dn the

hd its
ablish
these
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CALIBRATION OF FIBRE-OPTIC POWER METERS

1 Scope

This document is applicable to instruments measuring radiant power emitted from sources that
are typical for the fibre-optic communications industry. These sources include laser diodes,
light emitting diodes (LEDs) and fibre-type sources. Both divergent and collimated radiations
are cavered. This document defines the calibration of power meters to be performed by
calibration laboratories or by power meter manufacturers.

2 Nprmative references

The following documents are referred to in the text in such a way that,.some or all of their
content constitutes requirements of this document. For dated references;.6nly the edition cited
appliep. For undated references, the latest edition of the referencedrdecument (including any
amendments) applies.

IEC 60793-2, Optical fibres — Part 2: Product specifications —Geheral
IEC TR 61931:1998, Fibre optic — Terminology

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

3 Terms and definitions

For the purposes of this documentxthe terms and definitions given in IEC TR 61931 apd the
following apply.

ISO apd IEC maintain terminological databases for use in standardization at the follJowing
addres$ses:

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

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

3.1
accredlited calibration laboratory

calibration’laboratory authorized by the appropriate national organization to issue ca/iﬁ)ration
certificates with a minimum_speciiied uncertainty, which demonsiraie iraceabllity 10 national

standards (3.14)

3.2

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: When the instrument is made to give a null indication corresponding to a null value of the
measurand, the set of operations is called zero adjustment.

Note 2 to entry: For more information, see ISO/IEC Guide 99:2007, 3.11.

[SOURCE: IEC 60050-311:2001, 311-03-16, modified — The words "of a measuring instrument"
have been deleted from the term, and Note 2 to entry has been added.]
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3.3

calibration

set of operations that establish, under specified conditions, the relationship between the values
of quantities indicated by a measuring instrument and the corresponding values realized by
measurement standards

Note 1 to entry: The result of a calibration permits either the assignment of values of measurands to the
indications or the determination of corrections with respect to indications.

Note 2 to entry: A calibration may also determine other metrological properties such as the effect of influence
quantities.

Note 3 to entry: The result of a calibration may be recorded in a document, sometimes called a calibration
certificdte or a calibration report.

Note 4 o entry: See also ISO/IEC Guide 99:2007, 2.39.

3.4
calibrption conditions
conditlons of measurement in which the calibration is performed

3.5
centrgidal wavelength
ﬂ’C
powertweighted mean wavelength of a light source in vacuum

Note 1 jo entry: For a continuous spectrum, the centroidal wavelefigth'is defined as:

[ (5t

S R (1)

Ptotal

For a spectrum consisting of discrete lines, the ceritroidal wavelength is defined as:

D R
o=~ (2)

DR

i

p(4) s the power spectral density of the source, for example, in W/nm:;
s the vacuum wavelength of the it discrete line;
s the pewer of the ith discrete line, for example, in W;

Piotgl |8 the'tetal power, for example, in W.

Note 2 T0 enfry: The above Integrals and summations theoretically extend over the entire spectrum of the light
source. However, it is usually sufficient to perform the integral or summation over the spectrum where the spectral
density p(4) or power P; is higher than 0,1 % of the maximum spectral density p(1) or power P;.

3.6

correction factor

CF

numerical factor by which the uncorrected result of a measurement is multiplied to compensate
for systematic error

Note 1 to entry: This note applies to the French language only.
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3.7

detector

element of the power meter that transduces the radiant optical power into a measurable,
usually electrical, quantity

Note 1 to entry: In this document, the detector is assumed to be connected with the optical input port by an optical
path.

Note 2 to entry: For more information, see ISO/IEC Guide 99:2007, 3.9.

3.8

deviation
D
relative difference between the power measured by the test meter (3.32) Ppyt~and the
referefce power P

D %UT _Pref (3)
Bet

Note 1 jo entry: This note applies to the French language only.

3.9
excitation
<fibrep description of the distribution of optical power between the modes in the fibre

Note 1 fo entry: In context with multimode fibres, the fibre excitation is described by
a) thg spot diameter (3.31) on the surface of the fibre end,cand

b) the|numerical aperture (3.17) of the radiation emitted ffom the fibre.

Single-fnode fibres are generally assumed to be excitéd by only one mode (the fundamental mode).

3.10
instrument state
set of parameters that can be chasen on an instrument

Note 1 fo entry: Typical parameters-of the instrument state are the optical power range, the wavelength |setting,
the display measurement unit and the output from which the measurement result is obtained (for example, Hisplay,
interface bus, analogue output).

3.11
irradiance
quotient of the-itticremental radiant power AP incident on an element of the reference plane by
the ingremental’area 24 of that element:

E:% (wim?] (4)

[Note 1 to entry: For more information, see IEC TR 61931:1998, 2.1.15.

3.12

measurement result

y

(displayed or electrical) output of a power meter (or standard), after completing all actions
suggested by the operating instructions, for example warm-up, zero adjustment and
wavelength-correction

Note 1 to entry: Measurement result is expressed in watts (W). For the purposes of uncertainty, measurement
results in other units, for example volts, should be converted to watts. Measurement results in decibels (dB) should
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also be converted to watts, because the entire uncertainty accumulation is based on measurement results
expressed in watts. See Annex B.

3.13

measuring range

set of values of measurands for which the error of a measuring instrument is intended to lie
within specified limits

Note 1 to entry: In this document, the measuring range is the range of radiant power (part of the operating range),
for which the uncertainty at operating conditions is specified. The term "dynamic range" should be avoided in this
context.

Note 2 to entry: For more information, see ISO/IEC Guide 99:2007, 4.7.

3.14
national measurement standard
national standard

standdrd recognized by a national decision to serve in a country as the basis for asgigning
valueqd to other standards of the quantity concerned

Note 1 fo entry: For more information, see ISO/IEC Guide 99:2007, 5.3.

3.15
national standards laboratory
laboraftory which maintains the national standard (3.14)

3.16
nonlinearity
NL
relative difference between the response (3.28) at a given power P and the responsg at a
reference power Pg:

rP)

I’llp/po =W—1 (5)

If explessed in decibels, the ronfinearity is:

_ r(P)
NLpjp, =10xlog;g (dB) (6)

r(R)

Note 1 jo entry:«\The nonlinearity is equal to zero at the reference power.

Note 2 fto_entry: The term "local nonlinearity" is used for the relative difference between the responseq at two
different “power levels (separated by 3,01 dB) obtained during the nonlinearity calibration. The term |"global
nonlinearfty* s Used for the resutt-of summimg the tocar nontmearties (I aB); 1t 15 raemticar to the ronlinearity
defined here.

3.17
numerical aperture
description of the beam divergence of an optical source

Note 1 to entry: In this document, the numerical aperture is the sine of the (linear) half-angle at which the
irradiance is 5 % of the maximum jrradiance.

Note 2 to entry: Adapted from the definition of the numerical aperture of multimode graded-index fibres in
IEC 60793-1-43:2015, Clause 3; in this document, the definition is used to describe the divergence of all divergent
beams.
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3.18

operating conditions

appropriate set of specified ranges of values of influence quantities usually wider than the
reference conditions for which the uncertainties of a measuring instrument are specified

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

3.19
operating range
specified range of values of one of a set of operating conditions (3.18)

3.20
optic3l input port
physigal input of the power meter (or standard) to which the radiant power is to be appliefl or to
which [the optical fibre end is to be connected

Note 1 fo entry: An optical path (path of rays with or without optical elements, such as{lenses, diaphragms, light
guides,|etc.) is assumed to connect the optical input port with the power meter's detector:

3.21
opticgl reference plane
plane jon or near the optical input port (3.20) which is used to-dé€fine the beam's spot digmeter
(3.31)

Note 1 fo entry: The optical reference plane is usually assumed to.be perpendicular to the beam propagation, and
it shoulfl be described by appropriate mechanical dimensions relative to the power meter's optical input port.

3.22
polarigation dependent response
PDR
variatipn in response of a power meter with respect to all possible polarization states |of the
input ljght:

"min

PDR:]Oxloglo(rmaX] (dB) (7)

where

"max #Nd 7min are _the maximum and minimum response (3.28) taken over all polarfzation
states

Note 1 jo entry:«\Polarization dependent response is expressed in decibels.

Note 2 fo ehtry! This note applies to the French language only.

3.23
fibre-optic power meter

instrument capable of measuring radiant power from fibre-coupled sources such as lasers and
LEDs, which are typical for the fibre-optic communications industry

Note 1 to entry: The radiation may be divergent or collimated. The radiation is assumed to be incident on the
optical reference plane within the specified conditions.

Note 2 to entry: A power meter may consist of either a single instrument or a main instrument and a separate
sensing head. In the case of a separate sensing head, the head may be calibrated without the main instrument.
However, if any analogue electronics are used in the main instrument, the sensing head shall be calibrated together
with the main instrument.

Note 3 to entry: A fibre-optic power meter is usually capable of measuring the time-average of modulated optical
power. An increased uncertainty may be observed, which depends on the duty cycle and the peak power of
modulated optical power.
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radiant power

P
power

emitted, transferred, or received in the form of optical radiation [1]1

Note 1 to entry: Radiant power is expressed in watts.

3.25

reference conditions
conditions of use prescribed for testing the performance of a measuring instrument or for
intercomparison of results of measurements

Note 1
quantiti

3.26

o entry: The reference conditions generally include reference values or reference ranges for the\in
bs affecting the measuring instrument.

reference meter
standdrd which is used as the reference for the calibration (3.3) of a test meter (3.32)

3.27

reference standard
standard, generally having the highest metrological quality available at a given location

fluence

Dr in a

given prganization, from which measurements made therein are'dérived
Note 1 fo entry: For more information, see ISO/IEC Guide 99:2007, 5.
3.28
responhse
p
measyrement result of a power meter, y, divided by the radiant power on the power meter's
optical reference plane, P, at a given condition of measurement:

K :% (W/W, dimensionless) (8)
Note 1 jo entry: An ideal power meter exhibits a response of 1 for all operating conditions.
3.29
spectral responsivity
responsivity
R
quotient of thewdetector output current I by the incident monochromatic optical power P:

R= L (ATW) (9)
P

Note 1 to entry: The responsivity depends on the conditions (wavelength, temperature, etc.). See Figure 1.

Note 2 to entry: This note applies to the French language only.

1 Numbers in square brackets refer to the Bibliography.
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InGaAs
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0 + + ' + ’ ! ! i 1 ! ! ! -

400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700

Wavelength (nm)

IEC
Key

Si silicon

Ge germanium

InGaAs| indium gallium arsenide

Figure 1 — Typical spectral responsivity of photoelectric detectors

3.30
spectral bandwidth
B
full-wigth at half-maximum (FWHM) of the source spectrim

Note 1 [o entry: If the source is a laser diode with a multiple-longitudinal mode spectrum, then the FWHM §pectral
bandwiglith B is the RMS spectral bandwidth, multiplied by.2/35 (assuming the source has a Gaussian envelope):

1 2
B=235—— > "R(\-) (10)
total
Rotal = zpl (11)
i
where
Ao is the centroidal.wavelength (3.5) of the laser diode, in nm;
Piotal is the total\power, in W;
P; is the_pewer of ith longitudinal mode, in W;
4 is/the vacuum wavelength of ith longitudinal mode, in nm.
Note 2 Yo Ulltly. H-thre—source—emits—at-one VVGVU:UIIU“I u||:y (D;IIU:U':;IIU apc\.tlulll), it nray be—suffietent—to Specify

an upper limit, for example spectral bandwidth < 1 nm.

Note 3 to entry: It is usually sufficient to perform the integral or summation over the spectrum where the power is
higher than 0,1 % of the maximum power.

Note 4 to entry: This note applies to the French language only.

3.31

spot diameter

diameter of the irradiated area on the optical reference plane, defined by the (best-
approximation) circle at which the irradiance (3.11) has dropped to 5 % of the peak irradiance

Note 1 to entry: The ratio of 5 % was adopted for reasons of compatibility with the definition of the numerical
aperture. Other ratios are often used to describe laser beams, for example 1/e2 or 1/e. In that case, the ratio shall
be stated with the spot diameter value.
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3.32

test meter

fibre-optic power meter (3.23) (or standard) to be calibrated by comparison with the reference
meter (3.26)

3.33

traceability

property of the result of a measurement or the value of a standard whereby it can be related to
stated references, usually national or international standards, through an unbroken chain of
comparisons all having stated uncertainties

. = ik - W=Vt V-V il o =2 0o 44
NOte 1 U CTIry. U Torc mimurTiTatlull, ST TOoU/TLL OUIUT IJ9J.2UUT, 2. 59T,

3.34
tracedbility chain
unbroken chain of comparison (see Figure 2)

Note 1 fo entry: For more information, see ISO/IEC Guide 99:2007, 2.42.

National
standard

National standards laboratory
Y
Working
standard

Accredited calibration laboratory

\i \
Transfer
standard

Calibration laboratory of company

Y
Working
standard

Y

Test meter

IEC
Figure 2 — Example of a traceability chain

3.35
workihg standard
standdrdsthat is used routinely to calibrate or check measuring instruments

Note 1 to entry: A working standard is usually calibrated against a reference standard (3.27).

Note 2 to entry: For more information, see ISO/IEC Guide 99:2007, 5.7.

3.36
zero error
measurement result of a power meter without irradiation of the optical input port

Note 1 to entry: For more information, see ISO/IEC Guide 99:2007, 4.28.
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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 [18].

There 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 [Traceabitity
The calibration laboratory should ensure that suitable requirements are followed.

NOTE |Guidance about good practices for calibration can be found in ISO/IEC 17025 [18].

All stgndards used in the calibration process shall be calibrated accordingto a docur}tented
i

progrgm with ftraceability to national standards laboratories or toy.accredited cal
labordftories. It is advisable to maintain more than one standard on.each hierarchical le
that tHe performance of the standard can be verified by comparisons’on the same level.
sure that any other test equipment which has a significant influence on the calibration res

calibrated. Upon request, specify this test equipment and\'its traceability chain(s).

re-calibration period(s) shall be defined and documented.

4.3 Advice for measurements and calibrations

4.3 giyes general advice for all measurements and.calibrations of optical and fibre-optic
meters.

The c
detectors are used. The recommended temperature is 23 °C. Humidity control m
necespary if humidity-sensitive optical detectors are used, or if there is the possib
condepsation on the components. A change of the laboratory's humidity may chang
absorption of air and thereby:..€hange the power. This effect is relatively strong bsg

ration
el, so
Make
ults is
The

power

libration should be made in a temperature-controlled room if non-temperature-conLroIIed

y be
lity of
e the
tween

1 360 nm and 1 410 nm, especially when a sequential-type, open-beam calibration is us¢d and

ths of

the hymidity changes between the steps. In parallel-type calibrations with open-beam pa3

test
result.

eter will change-at’approximately the same time, with negligible effect on the cali

The lgboratory should be kept clean. Connectors and optical input ports should alw3g
cleangd before measurement. The quality and cleanness of the connector in front
detectpr/should be checked. All fibres should be moved as little as possible duris

approximately the same-Jengths, the measurement results of both the reference meter alrd the

ration

ys be
pf the
g the

measuyrements; they can be fixed to the workbench if necessary. Sensors should be mo

ved to

the fibre rather than the fibre to the sensor.

The optical source that is used for the excitation of the power meter should be characterized
for centroidal wavelength and spectral bandwidth. The spectral bandwidth should be narrow
enough to avoid averaging over a wide range of wavelengths. Means to ensure the stability of

the source, for example with the help of independent power monitoring, may be advisable

Laser diodes are sensitive to back reflections. To improve the stability, it is advisable to use an

optical attenuator or an optical isolator between the laser diode and the test meter. Beca
their narrow spectral bandwidths, the combination of laser diode and multimode fibre i

use of
s also

capable of producing speckle patterns on the optical reference plane, resulting in an increased

measurement uncertainty.
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Fibre connectors and connector adapters are likely to produce errors in the measurement
result [2] because of multiple reflections between the optical input port (or detector) and the
connector-adapter combination (as part of the source). Therefore, connectors and adapters
with low reflectivity are recommended for the calibration. Otherwise, a correction factor and an
increased uncertainty may have to be taken into account.

It is advisable to use reference meters with detector diameters of 2 3 mm, because they can
easily be irradiated with an open beam, and they are less susceptible to contamination (dirt and
dust). The reference meter's surface reflections should be as small as possible. If the source
emits a divergent beam, then a reference meter with an integrating sphere may be advisable. It
is also acceptable to use meters with "flat" detectors and mathematical correction, based on
multip ying the emitted far-field distribution with the measured anglp-dpppndpn(‘p of the
detector of the reference meter, and integrating over the range of far-field angles.

Temperature control of the detectors should be considered for highly accurate, calibrations,
becaupe detectors exhibit strong temperature dependence over some wavelength fanges

4.4 Recommendations to users

It is recommended that the user of the power meter maintain at least one reference |power
meter] which allows comparison of the meters for confidenceXOThese comparisorls are
partiCLLIarIy important before and after the meter is sent to recaljbration, because they wil] allow
the user to determine whether or not their scale has changed <“6r example due to trangport —
after the meter returns. Scale changes due to adjustment (3:2) (see IEC 60050-311:2001, 311-
03-16[and ISO/IEC Guide 99:2007, 4.30) will be reported ©On the calibration certificate.

A regxlar comparison of the correction factors (3.6), 'or of the deviations (3.8), will allpw the
user tp screen out excessive ageing, and possibly.to-adjust the recalibration intervals.

5 Absolute power calibration

5.1 Calibration methods

The calibration of a power meterds-usually achieved by exposing both the meter under tejst and
a caliprated power meter withknown uncertainty (the reference meter) to an optical radiation,
and by transferring the reference meter's (3.26) measurement result to the test meter (3.32).

The allowable spectral-bandwidth (3.30) depends on the test meter's spectral respopsivity
(3.29)| the stronger_its wavelength dependence, the narrower the spectral bandwidth.|Usual
bandwidths are <“#0 nm, which excludes the possibility of calibrating with wider-banfwidth
LEDs.| Therefore, one of the following is used in fibre-optic power meter calibrgtions:
combipations:-of "white-light" sources and narrow-bandwidth filters (for ex/"ample

monog¢hromators), laser diodes, or combinations of supercontinuum lasers with tumpeable
bandppss filters.

Depending on the type of source and the exciting beam geometry, six most frequent calibration
methods can be distinguished, as depicted in Table 1:

Table 1 — Calibration methods and correspondent typical power

Radiation source Open-beam calibration Fibre beam calibration
"White-light" with filter P~10 pyW P ~10 nW to 0,3 yW (MMF)
P ~2nW (SMF)
Laser diode P~ 10 pW to a few mW P~ 10 pW to a few mW (SMF and
MMF)
Supercontinuum laser with filter P~1uW to a few mW f\;l\zﬂg)uw to 700 pW (SMF and
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Radiation source Open-beam calibration Fibre beam calibration

Key
MMF: multimode fibre (usually graded-index fibre)

SMF: single-mode fibre

For fibre-optic power meters, fibre beam calibration is recommended. For open-beam
calibration, a correction of the calibration results using a series of fibre beam laser calibration
results at a few wavelengths should be performed.

One can distinguish between the sequential and the parallel measurement method. When the
reference meter and test meter are sequentially exposed to the source, then the radiated power
Shoul bU Ir\cpt do UUIIOtGIIt do PUOOIb:G, fUI UI\GIII'J:U by GFPIUFIIGtG Otabl:lLatlUll. r r the
parallgl-type calibration, a beam splitter or a branching device is used to generate two\beams
that excite both the reference meter and the test meter simultaneously. In this case,\the|beam
splitte[ or branching device ratio shall be determined as accurately as possible, and-its sfability
shall ke investigated.

As an| example, a measurement setup for sequential, fibre-based calibration is illustrdted in
Figurg 3. A launching device, for removal of the cladding modes and creation of an apprgpriate
modall excitation, is included in the setup.
_> i
—

ke =
1
1 1
! Reference
: power meter
1
X 1 I
v I
s Bb——m 3B PB———1_ L q—
= = = = = —»
. 1
Source Attenuator Launching
(optional) device Power meter

under test
IEC

Figure 3 — Measurement setup for sequential, fibre-based calibration

5.2 |Establishing the calibration conditions

The calibration conditions (3.4) are the measurement conditions during the calibration prpcess.
Establishing and "maintaining the calibration conditions is an important part of the calipration
(3.3), pecauserany change of these conditions is capable of producing erroneous measurement
resultg. The’ calibration conditions should be a close approximation to the intended opé¢rating
conditfons’(3.18). This ensures that the (additional) uncertainty in the operating environnpent is
as low as possible. The calibration conditions should be specified in the form of nominal values
with uncertainties when applicable. In order to meet the requirements of this document, the
calibration conditions shall, at a minimum, consist of the following:

a) the date of calibration;
b) the ambient temperature with uncertainty, for example 23 °C + 1 °C;

c) the ambient relative humidity, if it has an influence; otherwise a relative humidity below the
condensation point is assumed;

d) the nominal radiant power on the optical reference plane (3.21);
e) the beam geometry:

1) an open (for example collimated) beam, described by the spot diameter (3.31) on the
optical reference plane, the beam's numerical aperture (3.17) and the irradiance (3.11)
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distribution in the beam; typical irradiance distributions are: uniform, Gaussian or even
irregular (speckled);

the type of fibre and, if applicable, its degree of excitation (for example within encircled
flux templates defined in IEC 61280-4-1 when using an A1a or A1b multimode fibre);

f) the connector-adapter combination: the connector type, polishing and adapter as part of the

eX

citing source (if applicable);

g) the centroidal wavelength (3.5) of the exciting source;

h) the spectral bandwidth (3.30) of the exciting source;

i) the state of polarization: "unpolarized light" or "polarized light, undefinite state". If the latter

IS
ac

The a
signifi

In the
be ce
refere

In the
mode

chosen, the uncertainty due to polarization dependent response (3.22) shall be taken into
count in 5.4.3 and 5.4.5.

pbove conditions may not be exhaustive. There might be other parameterstthat have a
cant influence on the calibration uncertainty and therefore shall be reported,too.

calibration with an open-beam, the power meter's optical reference.plane (3.21) $hould
ntrally irradiated with a beam diameter smaller than the active.-area of the pptical
nce plane.

calibration with a fibre, a single-mode fibre or a multimode-fibre may be used. A gingle-
fibre can be advantageous because of its reproducible beam characteristics, but mfay not

be available for all wavelengths. If a multimode fibre is used( then excitation between 85 o and

95 %

slightly underfilled condition) is preferred becaus€ this excitation can be more|easily

reprodquced (encircled flux templates defined in IEG614280-4-1 are a good example ¢f this

condit

on). A launching device may be necessary to:create the appropriate excitation. Nofe that

multimjode fibres will emit irregular beam patterns)(speckle patterns) when driven by ¢ laser

diode;

A con

this will result in an increased calibration uncertainty.

nector-adapter combination should only be reported if the power meter is calibratgd with

a fibrg, and not with an open beam. It is\recommended to use a combination of connectpr and

adapter with sufficiently low reflections,back to the power meter.

in
(2)
in
a
b
(3) M
by
it

Calibration procedure

tablish and record .- the appropriate calibration conditions (5.2). Switch ¢n all
trumentation and allow enough time for it to stabilize.

t up the instrument state (3.10) of the reference meter and test meter according|to the
truction manual”’Set the wavelength on all instruments for the source wavelength. [Select
propriate power ranges. Record the instrument states of both meters. Adjust the Zero of
h meters\if applicable.

asure the optical power with the reference meter Pgy 4. Multiply the measurement| result
the correction factor of the reference meter CFgy reported in its calibration certificate if
' i [ in 5.4.4 if

necessary. Record the measurement result, Pyef 4 = Pgyq 1 X CFgtq X CFhange-

(4) Measure the optical power with the test meter. Apply necessary corrections as suggested

by

the operating instructions. Record the measurement result, Pp 4.

(5) Calculate the first of a series of correction factors:

I)ref,‘] (12)

CFcomparison,1 = R
DUT 1


https://iecnorm.com/api/?name=634dca5a532ac1bef4058a56f8260db9

IEC 61315:2019 © IEC 2019 -19 -

(6) Repeat steps (3) through (5) several times, with the result of obtaining several correction
factors, CFcomparison,1 to CFcomparison,n'

(7) Calculate and record the average correction factor, CFpt from the individual correction
factors:

1 n
Clpyt = ;X E CFeomparison,i (13)
i=1

If desired, the deviation D can be calculated from the correction factor:

B 1
Clpyr

D -1 (14)

In latgr use of the test meter, the measurement results shall be multiplied with {Fp .
Alternatively, an adjustment (3.2) of the test meter can be made so that the correction fgctor is
changgd to 1. In this case, the comparison should be repeated for verification.

5.4 |Calibration uncertainty
5.41 General

The cplibration uncertainty is the measurement uncertainty of the correction factor {Fp .
Calcullate the combined standard uncertainty from:

2 2 .2
”(CFDUT):\/”setup +Uref TUDUT (15)
where
Ugetup | 1S the uncertainty due to the setup (5.4.2);
Uref is the uncertainty of the reference meter (5.4.3);

upyt | is the uncertainty due fojthe test meter (5.4.5).

Equation (15) is valid onlysif the input quantities are independent or uncorrelated. If some input
quantities are significantly correlated, take the correlation into account.| See
ISO/IHC Guide 98-3.for more detail.

Then ¢alculatethe expanded uncertainty from:

U(CFDUT):qu(CFDUT) (16)

where
k is the coverage factor.

See Annex A for more detail.

5.4.2 Uncertainty due to the setup
The following uncertainties may come from the setup.
a) Uncertainty due to the source power instability. In addition to the intrinsic variation of output

power versus time, a laser source may react with unstable power to variations of back-
reflections and variations of the state of polarisation of back-reflected light.
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b) Uncertainty due to the beam splitter or branching device ratio (for parallel method), for
example due to their polarization dependence.

c) Depending on the setup and method, other uncertainties may have to be taken into
account.

Instability of the source power, of the beam splitter or branching device ratio (for parallel
method) will cause a scatter in the measurement of the correction factor. The uncertainty due
to these instabilities can be calculated from the experimental standard deviation of the
correction factors CFoomparison,1 10  CFoomparison,n Measured during the calibration
(Equation (12)). The number of comparisons should be large to reduce this uncertainty. See

Annex A for more detail on type A evaluation of uncertainty.

; S (CFcomparison ) (17)
setup,typeA = \/*
n

where
S(CFcdmparison) 1S the experimental standard deviation of the correction factors;
n is the number of measurement cycles during the calibration process.

This Wncertainty can also be calculated from a standard deviation evaluated oncg from
measuyrements and used for all calibrations or from a type B evaluation. The instability $hould
therefpre not vary too much from one calibration to the next(and not depend on the test meter.
The nimber n in Equation (17) is always the number of md€asurement cycles during the qurrent
calibration process.

This type A evaluated uncertainty will also be inflienced by the repeatability of the connection
when |using a sequential measurement methéd or by slight changes in the measurement
conditlons during the calibration process. It>can (partially) take into account some pf the
uncerfainties due to the reference meter (5:4.3) or test meter (5.4.5). Uncertainty compénents
should not be taken into account twice buitneither should they be forgotten.

Calculate the uncertainty due to the setup by combining all partial uncertainties descriped in

5.4.2:
m 2
Usetup = Z”setup,i (18)
i=1

5.4.3 Uncertainty of the reference meter

The upcertainty of the reference meter is mainly due to its calibration, the uncertainties|of the
current_“calibration condition 4) and th nden f the reference meter on|these
conditions.

The following uncertainties shall be evaluated. The evaluation can be made on the basis of
measurements or estimations, or a mixture of both. The calculation of uncertainties is
described in Annex A. The measurement of dependence on conditions is described in 6.3.2.

a) Calibration uncertainty of the reference meter. It shall be obtained from its calibration
certificate.

b) Uncertainty due to the change from the conditions in which the reference meter was
calibrated and the current calibration conditions, ucpange, @s calculated in 5.4.4.

c) Uncertainty due to temperature dependence of the reference meter.
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d) Uncertainty due to dependence on relative humidity of the reference meter. Power meters
with integrating sphere are particularly sensitive to absorption peaks of water when using

na

rrow laser sources.

e) Uncertainty due to dependence on the beam geometry of the reference meter.

f) Uncertainty due to dependence on multiple reflections. Multiple reflections may exist
between the optical input port and the radiation source (for example a connector-adapter

co

mbination). Different artefacts will change the measured power.

g) Uncertainty due to wavelength dependence of the reference meter.

h) Uncertainty due to dependence on source spectral bandwidth of the reference meter.

certainty due to dependence on state of polarization of the reference meter. ex

cept if

i) Un
un
i) Un
of

k) Un
mé

[) Un
ref
als

m) Un

Then
standg

where

5.4.4
5.4.4.
The n

condit
the tw

polarized or depolarized light is used for calibration.

certainty due to optical interference. Fabry-Perot cavities can occur between‘the s
the detector, of the window and the end of the connector, if used.

bter is 0y, the standard uncertainty is (see ISO/IEC Guide 98-3:2008, F.2.2.1):

1
Uref resolution = 5 \/fTéyref

certainties due to other dependences of the reference.meter. Depending on the t
erence meter, there may be other uncertainties of the reference meter. These
o0 be measured or estimated.

certainty due to ageing of the reference meter.

calculate the combined standard uncertainty’ of the reference meter from the n
rd uncertainties:

i=1

n
2 2
Uref = \/Z Uref,i T Uchange

Uchange IS the uncertainty’due to the change of conditions, as determined from 5.4.

Correction factors and uncertainty caused by the change of conditions
General
cference_meter may exhibit a different response because it was calibrated

ons/different from the current calibration conditions. Examples of differences bg
0 <sets of measurement conditions are: parallel beam versus divergent beam, di

Lrface

certainty due to the resolution of the reference meter. If the resolution of the reference

(19)

ype of
should

above

(20)

under
tween
ferent

sourcd

time

Qppr‘tra a nnn-rpflpr‘fing thlp versus a thlp with mllltipln reflections_or a Inrg

span between the two reference dates resulting in ageing of the standard.

If the conditions under which the reference meter was calibrated are nominally identical to the
current calibration conditions (their uncertainties can be different) and if the ageing of the

reference meter is negligible, 5.4.4 can be skipped (CF,

change =1).

As indicated in Figure 4, each change comprises the nominal change in conditions and the
change in uncertainty.
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Condition in which the reference was
calibrated ("previous" condition)

"Previous"
uncertainty

Nominal change of condition
(generates the correction factor)

i, uncertaint
"Current" measurement condition Y

"Current”
. uncertainty

-~ -

Alternative A

"Current" uncertainty if
correction factor = 1

Alternative B

IEC

Figure 4 — Change of conditions and uncertainty

For each of the potential error contributions (5.4.4.2 to 5.4.4.8), one should decide |f it is
sensiljle to calculate a correction factor or not. Alternative A includes the calculatiop of a
corredtion factor with the result of a relatively small@neertainty. Alternative B means waiving
the coyrection factors (or CFyhange = 1) @nd taking larger uncertainties into account to embrace
the wqrst-case conditions.

If alteqnative A is chosen, the (cumulative) correction factor is:

o
previous
CFchange = (21)
Teurrent
or CFhange =1-Ar (22)
where
Fpreviofis is the response of the reference with excitation at the conditions at which |it was
calibrated;
Fourren is the response of the reference with excitation at the current calibration conditions;
AI" ;D thU IU:Gt;VU uhallyc \Jf IUO’JUI!OU Al (I Current lprev'ous) II lcurrent

Calculate the (cumulative) reference meter's change-related correction factor by accumulating
the partial correction factors, CF pgnqe i OUtlined in 5.4.4.2 to 5.4.4.8. For each influencing
quantity X;, start with the calculation ot the partial correction factor:

CFchange,i =1-Ay (23)

The relative change of response Ar; can be directly measured by changing the influencing
quantity from the "previous" to the "current" calibration conditions or calculated from the
nominal change of the influencing quantity Ax; and the reference meter's nominal relative
dependence on this quantity:
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CFchange,i =1-¢xAx, (24)

where

C:

i is the partial derivate of the relative response on the influence quantity x;, called sensitivity

coefficient. See ISO/IEC Guide 98-3:2008, 5.1.3 and 5.1.4, for more detail.

If the sensitivity coefficient is not known very well, the following type B uncertainty should be
taken into account:

s 25)

24
cnarige,l

where

u(c;) | is the standard uncertainty of the sensitivity coefficient. The measurement pf the
dependences is discussed in 6.3.

Finally, calculate the reference meter's cumulative correction factor from the |above

contriputions:

n

CFchange = H CFchange,i (26)
i=1

and thle combined standard uncertainty due to the change of calibration conditions:

n
2
Uchanges™ zuchange,i (27)
i=1

This gorrection factor corresponds.to a known change of response of the reference|meter
causefl by the two different sets:of measurement conditions. It is a correction factor to apply to
the power read by the reference meter (see 5.3).

5.4.4.2 Correction(factor due to temperature change

The cprrection factor CFgpange,@ Should be calculated with the help of the nominal ghange
betwegn the "prtevious" and the "current" temperature A® and the temperature sengitivity
coeffigient cg.ofthe reference meter (for example in %/°C).

CFrhangnm =1_CQXA® (28)

5.4.4.3 Correction factor due to change of power level
The uncertainty should be calculated from the nonlinearity of the reference meter between the

"previous" and the "current" power level. If necessary, a correction factor can be calculated
from:

-NL
CFchange, =10 10 (29)

where
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NL is the nonlinearity, expressed in decibels (dB). Measurement of nonlinearity is described in
Clause 7.

5.4.4.4 Correction factor due to change of beam geometry

The correction factor should be calculated from the change of response measured when
changing the beam geometry.

5.4.4.5 Correction factor due to change of the connector-adapter combination

The reference meter's optical input port should generally be assumed to be reflective. Such a
reflection will travel back to the radiation source, for example, on an optical connector, be
reflected again, and finally increase the displayed optical power level. This effect will giye rise
to a correction factor (usually < 1) and an increased uncertainty.

If, for [example, the source used in the calibration of the reference meter is non=reflectiye and
the squrce used in the calibration of the test meter is reflective (caused by an pptical
conneftor), then the total power indicated by the reference meter is: grroneous By the
seconflary reflection. If one assumes that the secondary reflection contributes an additional
5 % of the total power, then the individual correction factor is 0,95. 1 his type of error ¢an be
reducgd by using sources with highly absorptive enclosures, or squrces with low-reflg¢ctivity
conneftor-adapter combinations.

The measurement method is described in 6.3.7.

5.4.4.¢ Correction factor due to wavelength change

The cprrection factor should be calculated with the'help of the nominal change of wavelength
A and the reference meter's nominal wavelength dependence c;.

CFifiange,, =1—¢;) x AL (30)

5.4.4.7 Correction factor due-to spectral bandwidth change

The cprrection factor should\be calculated with the help of the nominal change of spectral
bandwidth and the referenge ‘meter's nominal dependence on the spectral bandwidth. Nofe that
the cqdrrection factor remains 1 as long as the (uncorrected) wavelength-dependence is |linear
within|the spectral bandwidth of the source. In the case that the wavelength dependence is
curved, the correction factor can be computed with the help of the wavelength-dependehce of
the reference méter and the spectra of the two sources used in the calibration of the ref¢rence
meterfand in the)calibration of the test meter.

5.4.4.T Other correction factors

Depending on the type of reference meter and the calibration conditions, there may be other
correction factors. These should also be measured or estimated as outlined in 5.4.4.1.

545 Uncertainty due to the spectral bandwidths

Uncertainties arising from the test meter are mainly due to the uncertainties of the calibration
conditions and the dependence of the test meter on the conditions. The following uncertainties
shall be evaluated. Their determination is similar to the evaluation described in 5.4.3. The
calculation of uncertainties is described in Annex A, and the measurement of dependence on
conditions is described in 6.3.2.

a) Uncertainty due to temperature dependence of the test meter.
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b) Uncertainty due to dependence on relative humidity of the test meter. Power meters with
integrating sphere are particularly sensitive to absorption peaks of water when using
narrow laser sources.

c) Uncertainty due to dependence on beam geometry. This uncertainty comes from non-
uniformity and angle-dependence of the test meter's optical input port.

d) Uncertainty due to dependence on multiple reflections. Multiple reflections may exist
between the optical input port and the radiation source (for example a connector-adapter
combination). Different artefacts will change the measured power.

e) Uncertainty due to wavelength dependence of the test meter.

f) Uncertainty due to dependence on source spectral bandwidth of the test meter.

g) Un

unjpolarized or depolarized light is used for calibration.

h) Un
o

i) U

—h

i) uUn

certainty due to dependence on state of polarization of the test meter, exq

the detector, the window and the end of the connector, if used.

1
UDUT,resolution = ﬁéJ’DUT

certainties due to other dependences of the test meter. Depending on the type

ept if

certainty due to optical interference. Fabry-Perot cavities can occur between the spurface

certainty due to the resolution of the test meter. If the resolution, of the test meter is
oypuT- the standard uncertainty is (see ISO/IEC Guide 98-3:2008, F.2.21):

(31)

pf test

meter and on the calibration process, there may be pthier conditions causing uncertainties.

Then palculate the combined standard uncertainty:contribution of the test meter from

above

5.5

Suitab

NOTE

Calibr
includ

a) all
b) the

standard uncertainties:

n

2
upyt = Z”DUT,i
i=1

Reporting the results

le requirements for reporting the results of each calibration should be followed.

Guidance about good-practices for reporting the results of calibration can be found in ISO/IEC 17024

htion certificateés or calibration reports referring to this document shall, at a min
e the following information:

calibration conditions (3.4) as described in 5.2;

the n

(32)

[18].

imum,

test meter's correction factor(s) (3.6) or deviation(s) (3.8), if the test meter w

As not

ad

usted;

c) on receipt correction factors or deviations and after adjustment (3.2) correction factors or
deviations in the case that an adjustment was carried out;

d) the calibration uncertainty in the form of an expanded uncertainty as described in 5.4;

e) the instrument state (3.10) of the test meter during the calibration;

f) evidence that the measurements are traceable (see ISO/IEC 17025).
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6 Measurement uncertainty of a calibrated power meter

6.1 Overview

The measurement uncertainty of a calibrated power meter is larger than its calibration
uncertainty. It is the combination of the calibration uncertainty and of uncertainty contributions
due to the dependence of the power meter on the conditions of measurement.

The determination of the measurement uncertainty of a calibrated power meter used at
reference conditions or at operating conditions is not part of the calibration process. It is
performed for example by manufacturers of power meters in order to establish specifications. It

is not pranmdatory forcatibratiorrcertificates orcatibratiorrreports referrimytothisdocument.

6.2 [Uncertainty at reference conditions

Reference conditions (3.25) are used for testing the performance of a power meter |or for
intercomparisons. They are usually defined by manufacturers in order to,  specify the smallest
uncertainty of a measuring instrument; therefore, they are often identical or close|to its
calibration conditions.

The uncertainty at reference conditions is the uncertainty on the result of a measurement taken
by the| calibrated and adjusted power meter when operated at«r€ference conditions. It depends
on the| calibration uncertainty of the power meter, the reference conditions and the dependence
of the| power meter on the reference conditions. This is the reason why the uncerta|nty at
referehce conditions is always larger than the calibratign\uncertainty. Even when the refg¢rence
conditfons are identical to the calibration conditions (no uncertainty due to charlge of
conditjons), the test meter's dependences on the «réference conditions have to be added (in
quadrature) to the calibration uncertainty for a second time. Calculating the uncertajnty at
referehce conditions of the calibrated test meter is similar to calculating the measurement
uncerfainty at calibration conditions of the reference meter described in 5.4.3:

2 2
UDUT refeconditions = \/” (Cpyr ) +uput (33)

where

u(CFply) is the calibration uncertainty of the test meter, as determined in accordande with
5.4;

UpyT is the_uncertainty due to the dependence of the test meter on the ref¢rence
conditions, as determined in accordance with 5.4.5.

The description of the reference conditions should be made in the same way as the califration
conditfons\described in 5.2.

6.3 Uncertainty at operating conditions
6.3.1 General

The uncertainty at operating conditions (or operating instrumental uncertainty, see 3.2.11 of
IEC 60359:2001) is the uncertainty on the result of a measurement taken by the calibrated and
adjusted power meter when operated within a range of operating conditions (3.18). It depends
on the calibration uncertainty, the operating conditions and the dependence of the power meter
on the operating conditions:

2 2
UDUT operating = \/ u”(CFpyt ) + Uextension (34)

where
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u(CFpyt) is the calibration uncertainty of the test meter, as determined according to 5.4;
Uextension 1S the extension uncertainty, due to the dependence of the meter on the operating
conditions, as determined from Equation (35).

Contrary to the calibration conditions (3.4) described in 5.2, each operating condition should be
described by a range when possible. The set of operating conditions is specified by

a) the maximum time span between recalibrations,
b) the range of ambient temperatures,

d) the—range—otbes . ' e o . e re, or
¢ range of fibre types,

e) the applicable connector-adapter combinations, if any,
f) the¢ range of wavelengths of the source, and
g) the maximum spectral bandwidth of the source.

All pogsible polarization states are included in the operating conditions by default. A relative
humidjty below the condensation point is also assumed.

The gbove conditions may be defined either by the power.meter manufacturer or by the
calibration laboratory in charge of the calibration for operating.conditions.

To calculate the extension uncertainty, combine all uricertainties due to the dependenges on
the copditions:

"

2
Ugxtension. T Z”extension,i (35)
i=1

where

Uextendioni are contributions to'the extension uncertainty;

n is the total number of contributions.
6.3.2 Determinatioh_of dependences on conditions

Each flependencesshould be recorded as relative change of the meter's response, caused by
changjng the relevant condition within its operating range. During the test, all other congitions
should be kept/at the calibration conditions. The zero point is defined by the respohse at
calibration‘conditions. This way, each dependence can be specified by a range that is defined
by thg maximum positive and negative changes of the response. An asymmetric range|about

the zeke nointic tha nocual racult oc chovan 1n Eianiea B
C PoTTTTTo—t oo T oo TG oo oo T rg ot =4

Calibration Actual set
condition of limits

Dependence -
on operating \ | /
condition I
| ' -
;4________:___}_ i

| ]
: Specified range of | Operating condition
X operating parameter |

Ar (%)

o
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Figure 5 — Determining and recording an extension uncertainty
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In order to obtain good measurement accuracy, the guidelines in Clause 4 should be observed.
Uncertainties in the measurements should be as low as possible, because the measurement
results shall include these uncertainties. It is acceptable to use estimations instead of
measurements if these estimations are based on known physical relations or on a sufficiently
large number of characterizing measurements of the same type of test meter.

For the determination of the combined standard uncertainty of the test meter at operating
conditions, the limits quantifying the individual dependences shall be converted to standard
uncertainties using Equation (A.5).

The individual uncertainties are usually assumed to be independent. However, in some
instanges—an unuclta;llty ey be otluny:y dcpclldcllt omrmore—thamone—condition: EAalllp: S are
outlingd in 6.3.5, 6.3.7 and 6.3.8. If the extension uncertainty is substantially increaged by
changjng the other conditions (within their specified operating ranges), this largeruncefrtainty
shall be recorded. The calculation of the uncertainty shall then be based onythese |larger
uncertainties.

6.3.3 Ageing

resultg of successive calibrations of the meter at the same conditions’or from indications|of the

Ageiniis the relative change of response over a given period. It can“be determined frqm the
manufacturer.

For a Imanufacturer, the relative change of response over, a“given period shall be detefmined
with the assumption of careful use of the instrument. If7is* recommended to expose the |power
meter|to its typical environmental conditions, for example ambient temperature (23 £ 1)|°C for
a labdratory-type instrument, optical input port nonzirradiated, continuously repetitive cyg¢les of
powerton 12 h, power-off 12 h, with a total test time equal to the given period. The chaphge of
respomse should be measured by comparison-with a working standard. Regular and trageable
recaliration of the working standard will be'necessary, in order to exclude ageing jof the
working standard. As always, the measurement uncertainty, in this case mostly the uncefrtainty
of the |working standard, shall be taken.into account.

It is rgcommended to calculate the-ageing uncertainty from a rectangular distribution obtained
as depcribed above (see Clause’A.3). If, for example, a detector is known to incregse its
respomse by a maximum of 0,9% per year at a certain wavelength, then the ageing uncefrtainty
is chafacterized by a rectangle that extends from 0 % (at time 0) to +0,1 % (at time 1 yeaf).

6.3.4 Dependence_on temperature

The rg¢lative change of response against the response at the calibration conditions sholuld be
measyred by._changing the temperature within the operating temperature rangel The
rectangular-uncertainty distribution is then defined by the most negative and the most ppsitive
relative €hanges of the response. Only the extremes of the response as a function [of the

tempelatire are relevant, not the responses at the extremes of temperature (see Figure 5).

Note that the temperature dependence of the spectral responsivity of semiconductor detectors
depends on the wavelength.

6.3.5 Dependence on the power level (nonlinearity)

The relative change of response against the response at the calibration power level should be
measured in accordance with Clause 7.
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6.3.6 Dependence on the type of fibre or on the beam geometry
6.3.6.1 General
Fibre-optic power meters may be designed to accept fibres or open beams. It is assumed that

the response of the power meter depends on the geometry of the light beam because, for
example, of non-uniformity and angle-dependence of the meter's optical input port.

The relative change of response should be measured with a working standard that exhibits

— negligible angle-dependence,

oackabl £ £l tH =i
- n Myivic ourtaduvT TTTICULUUTNTS, Aallu

— a sufficiently large active area to capture the fibre beams or the open beams.

| ™ Active area of optical

reference plane

/

\

N~ |~ (10 x 10) squares
IEC

Figure 6 — Possible subdivision of the optical reference plane into 10 x 10 squares,
for the measuremént of the spatial response

Another possibility is evaluating the dncertainties with a mathematical analysis, based pn the
assun|ption that all uncertainties.tare caused by non-uniform spatial responses of the test
meter's reference plane. In preparation of this analysis, the active area of the optical ref¢rence
plane |should be subdivided \into an array of squares, for example, 10 x 10 squares|as in
Figurg 6.

Then {wo types of measurements should be carried out:

a) measurements>of the spatial power density, together with the angles of incidence, pn the
opfical reférénce plane as generated by the applicable beam geometries;

b) megasurements of the test meter's spatial response, weighted with appropriate mullipliers

which/characterize the meter's dependence on oblique incidence (angle dependenge), on
th\- tact mnfnr'c roafoaraneca Alana: tha onatial rnananmon ochald Iha Ao en d ath o beam

TCOoTTTTCTCT o TCTCTTCTTICT r.uuulu e uyuuul TCOoP oo C—oTTouTT— o C— T rcaourct WHR—&

diameter equal to the length of the square.

The change of response upon changing the beam parameters can then be evaluated on the
basis of modelling the necessary measurement results, by multiplying the (spatial) power levels
with the spatial responses and adding all products. Note that the spatial responses are usually
wavelength-dependent.

6.3.6.2 Measurement of the fibre dependence

In the test of fibre-related uncertainties, multimode fibres under test should be slightly
underfilled (see 5.2). The fibres should be terminated by the connector-adapter combination
defined by the calibration conditions. Both the connector and the adapter should exhibit a low
reflectivity, so that multiple reflections between the connector-adapter combination and the
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detector do not influence the measurement results. The spectral bandwidth of the source
should be narrow enough to avoid averaging over a wide range of wavelengths.

Step 1: the output of the reference fibre is measured with both the working standard and the
test meter, and the difference is (mathematically) adjusted to zero.

Step 2: the above procedure is applied to
a) a standard single-mode fibre as defined by IEC 60793-2, and

b) the (specified) fibre with the largest core diameter, the fibre with the largest
numerical aperture, or both.

The intention of the test is to measure the dependence of the test meter on the type of fibre
and o the mode volume. The largest relative change of response against step 1 (positiye and
negative) should be used to determine the fibre-related uncertainty. The uncertainty, shqll also
include the uncertainty in measuring the fibre outputs with the working standard,/caused for
example by the effects of non-uniformity, beam divergence and multiple reflections ¢n the
workinlg standard.

In thejse measurements, a significant type A uncertainty may be caused by "specklgs", in
conjurjction with the non-uniformity of the optical input port. Speckles are irregular irrafliance
distributions caused by interference between different modes in a multimode fibre. This|effect
occurg particularly when the fibre is excited by the (highly coherent) radiation from g laser
diode.| This uncertainty can be reduced by averaging a series ofimeasurement results, inlwhich
each sample is taken after a slight movement of the fibre~Fibre movement will change the
speckle pattern. Note this may be accompanied by alchange of the total radiant power,
becaupe of a change of the reflected power and the lasér diode sensitivity to reflected poyer.

Speckles do not exist in single-mode fibres when.the exciting wavelength is sufficiently Jonger
than the fibre's cut-off wavelength. Another possibility of eliminating the speckle pat{ern is
using p less coherent source, such as a filtered 'LED or a filtered "white" radiation source

6.3.6.3 Measurement of open-beamdependence

Similar to measuring the fibre dependence, the dependence on the spot diameter (3.3]) and
the numerical aperture (3.17) of an-open beam can be evaluated by comparison with a working
standard that exhibits a uniform,large area detector and negligible angle dependence.

To adgress the problem-ef combined dependence on spot diameter and numerical aperfure, it
may bg sufficient to evaluate

a) the relative change of response (against the response at calibration conditions) due to
exgitation with the specified smallest spot diameter — smallest numerical aperture, angd

b) th¢ relative change of response due to excitation with the specified largest spot dianjeter —
langest-numerical aperture.

6.3.7 Dependence on the connector-adapter combination

6.3.7 discusses the test meter's dependence on reflections from the radiation source (for
example an optical connector or other mechanical parts in the beam path between the source
and the optical input port). Note that the reflections may be specular or diffuse.

The relative change of response should be measured with the help of a working standard that
exhibits negligible angle-dependence and surface reflections. The fibre should be the one used
for the calibration. It is advisable to hold the fibre end in place during the measurement, in
order to avoid any bending-induced changes of the power level. The source used should not be
too coherent to avoid Fabry-Perot type interference (see 6.3.8.2): it should be broad enough,
for example, 1 nm or more.

Step 1: the reference beam geometry exiting the source or the reference fibre (together
with the reference connector-adapter combination), is measured with both the
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working standard and the test meter, and the difference is (mathematically)
adjusted to zero.

Step 2: the step 1 procedure is applied to all specified connector-adapter combinations, by
repeating each connection several times to reduce type A uncertainties. The
largest relative change of response against step 1 (positive and negative) should
be used to determine the uncertainty. The uncertainty shall also include the type B
uncertainty in measuring the various combinations with the working standard,
caused for example by the reflections when using the working standard.

In accordance with the last paragraph of 6.3.2, it may also be necessary to measure the
dependence with the highest-order fibre, as listed in 6.3.6.2. A high-order fibre will create a
larger image on the optical reference plane, and therefore make limitations in the pasitioning
accurgcy more obvious. In this case, an increased dependence should be recorded.

6.3.8 Dependence on wavelength
6.3.8. General

The re¢lative change of spectral response against the response at the '‘calibration wavelength
should be measured. These measurements will normally be carried -out using a spgctrally
continpous source imaged through a spectrally discriminating_instrument, for example a
monog¢hromator or a number of spectral filters. The stray light, that is light not at the seglected
wavelgngth, should be evaluated, in order to ensure accuraté measurement result§. The
centrdidal wavelength(s) and the spectral bandwidth(s) should also be measured. The
bandwidth should be narrow, because a wide bandwidth 4n conjunction with a strong curyature
of the| test meter's wavelength dependence is capablé of producing erroneous measunement
resulty. Note that extremely narrow spectral bandwidth may cause optical interf¢rence
problems, which is comb-like wavelength dependence, when the beam path contains ¢ne or
more ¢ptical resonators.

The beéam geometry should be appropriatefor the determination of this dependence. It may be
possihle to substitute a fibre beam using<a combination of lenses and apertures. In this| case,
care s$hould be taken to match the ‘irradiated spot diameter and position on the pptical
referehce plane with those achieved.using a fibre input. Care should also be taken to g¢nsure
that back reflections from the opfical input port do not add uncertainties to the measunement
results.

The measurement should:be carried out by direct comparison with a working standard by using
the sybstitution techmique. The working standard should have been calibrated for rglative
spectrpl response.

Because of the)relatively low power levels in these measurements, zero adjustment df both
power| meters>is essential. If the instrument comprises means of correction, for example a
calibration.curve or a table stored in a memory, the relative change of response frgm the
corregtedfesponse has to be measured.

Changing the temperature may strongly influence the wavelength-dependence. For example,
the wavelength-dependence of a germanium photodiode at 1 550 nm is much stronger at 0 °C
than at room temperature. In general, the wavelength uncertainty shall be calculated on the
basis of the largest wavelength-dependence, in this case the one at 0 °C.

6.3.8.2 Dependence on wavelength due to Fabry-Perot type interference

When using a narrow spectral bandwidth laser (B « 1 nm), the spectral response can
sometimes vary rapidly with respect to wavelength, as depicted in Figure 7. This is usually
caused by Fabry-Perot cavity(ies) in the optical path to the detector. Fabry-Perot cavities can
occur between the two faces of the window in the detector cap, between one face of the
window and the detector itself, or, if a fibre is used, between the end of the fibre and any of the
other surfaces.
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Figure 7 — Wavelength dependence of response due to Fabry-Perot type interference

In Figlire 7, the peak-to-peak variation reaches Ayg = 0,2 dB (Ao, = 4,6 %), which-is significant.
The standard uncertainty due to optical interference is the standard dewiation of the sine
pattern.
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= B% _q 69 36
Uint \/E 2 ° (36)

6.3.9 Dependence on spectral bandwidth

This dependence increases with the curvature of the détector's wavelength dependencg. The
relative change of response as a function of the $pectral bandwidth of the source has| to be
tested| within the specified range of spectral bahdwidths. A monochromator can be uged to
generate a variable spectral bandwidth; the _actual power level should be measured with a
working standard with negligible wavelength-dependence. The spectral-bandwidth dependence
can also be evaluated by mathematical analysis, based on the known spectral response|of the
test meter and on the known spectral characteristics of the source.

6.3.100 Dependence on polarization

A method of evaluation of the_polarization dependent response (PDR) (3.22) of the test|meter
is to measure the response -of the meter multiple times at different states of poIarizaTon. A
stable| light source polarized to nearly 100 % should be used, otherwise use a polarizef after
the sdqurce as shown~in“Figure 8. A polarization controller is used to convert the fixeq input
polarization state to.all'possible output states.

s OO _'iz

—

Polarization )
controller Power meter
IEC

Bl
vvvvvv T orartZet

Figure 8 — Measurement setup of polarization dependent response

The source power instability and the loss variation of the polarization controller should be far
lower than the polarization dependence of the test meter. This should be verified by replacing
the test meter with a detector with a very low polarisation dependent response.

The laser sources may react with unstable power when light with a varying polarization state is
back-reflected; therefore, an attenuator or isolator may have to be inserted between the source
and the polarization controller.
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Another PDR measurement method, the matrix method, can be adapted from the polarization
dependent loss (PDL) Mueller matrix method in IEC 61300-3-2:2009, as described in [3].

6.3.11 Other dependences

Depending on the type of test meter, there may be dependences on other parameters. These
should also be characterized as relative changes of response against the response at the
calibration conditions.

One example may be including intensity-modulated optical signals into the operating
conditions, in the form of specifying a range of modulation frequencies and duty cycles, and
evalugt e i s e—+A nt that
extre

e duty cycles are capable of saturating the detector, the electronics, or both.

7 Npnlinearity calibration

71 General

The nonlinearity (3.16) of the power meter should be calibrated to ensure acfurate
measyrements at power levels away from the calibration level apd‘for relative measurgments
such gs loss and gain measurements. The calibration should“be made by increasing and
decreasing the power level to detect nonlinearities at the boundaries of each amplifier rarnge or,
whengver possible, to include measurement results at bothUsides of each range boundpry, in
order [to include nonlinearities at these boundaries. It is¢important to note that the detector
nonlingarity is dependent on the wavelength. As an example, an InGaAs detector that is|linear
at 1 310 nm and 1 550 nm may be nonlinear at 850 .nm:

Several methods are possible. The superpositioh method is the reference method, as it|is the
most accurate and does not require a reference standard (self-calibrating method).

All mg¢thods use sources with selectable power level, for example (stabilized) laser|diode
sourcgs and variable attenuators.,.The generated power levels should cover the spegcified
measyring range (3.13). During the_test, the maximum permissible irradiance of the inppt port
should be defined by the optical power at the upper end of the measuring range gnd by
singletmode fibre excitation.

The ppwer level saturating the detector is dependent on the beam geometry. A small spot
diamefer may saturate the detector at lower power than a larger spot diameter.

Extreme ambient temperatures may increase the nonlinearity. As stated in the last paragraph
of 6.3]2, some-uncertainties can be dependent on more than one operating condition, [and it
can aglditionally be necessary to measure the nonlinearity at the extremes of the opgrating
tempefratureé range, and to record an increased uncertainty at operating conditions.

7.2 Nonlinearity calibration based on superposition
7.21 General

Highly accurate nonlinearity calibration is possible with the superposition method (also known
as the "addition method") [4] [5]. A "fibred" version of the open-beam double aperture method
[6] [7] may be used with single-mode fibres. A possible setup is illustrated in Figure 9. The
power is split into two different paths where shutters are located and then recombined on the
power meter under test.
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Figure 9 — Nonlinearity calibration based on superposition
Stablg, optically-isolated (to reduce sensitivity to reflections) distributedfeedback (DFB)|lasers
can b¢ used, provided that the linewidth is broadened to yield an optimized coherence, gds with
the prpcedure for the absolute calibration. The two paths of the setup should have different
lengthg (around 100 m for DFB lasers) to avoid (Mach-Zehndef:type) interference fluctuations,

and unused branches of branching devices shall be terminatéd. The drawback of this method is
its higher insertion loss: typically around 1,5 dB for the first attenuator, 0,5 dB for thle first

branching device, 1,5 dB for the second attenuatorand about 3,5 dB for the co
branching device for a total of about 7 dB. For higher{power measurements, an optional

amplif]
betwe

7.2.2

(1) Se
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(2) Oy
(3) CI
(4) Cl

er (like an EDFA — erbium doped fibre amplifier — for the 1,55 um band) can be in
bn the source and the first attenuator.

Procedure

t the attenuators in the two paths;:s0 that the power measured on the meter is the
en light is coming from one path or from the other path.

en both shutters and measure the total power from both paths simultaneously: P,
bse the shutter on path b'and measure the power from path a: P, ;.
bse the shutter on path a, open the shutter on path b and measure the powe

pallh b: Py ;.
(5) If {he sum of the individual powers is not equal to the total power, there is a nonlinear

P
NLi =1 0X|0910 ﬁ(dB)
a,i i

bining
bptical
serted

same

[ from

(37)

(6) Us

ing“the first attenuator, attenuate the total power by a factor 2 (10 log,, 2 = 3,01

dB) to

the level of the individual powers of the preceding step.

(7) Repeat steps (2) to (6) through all the desired range.

(8) At the end, the global nonlinearity is the sum of all the local nonlinearities expressed in
decibels (dB), starting calculations from the reference power level where the nonlinearity is

ze

ro (higher order terms are neglected).
n+1

NLgiobal () ==Y NL; forn=-1,-2, -3, etc.
i=0

NLgiopal (B ) =0 (reference power)

(38)
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n
NLgiopal () =+ NLiforn =1, 2,3, etc.

i=1
where
n <0 indicates power levels lower than the reference power;
n >0 indicates power levels higher than the reference power;
NL, is the local nonlinearity for the ith step (i = 0 for the step where P,p is the reference

power).

The result is_a list of global nonlinearities for the whole power range in _steps of 3,01 dB as
seen ih Table 2:

Table 2 — Nonlinearity

i Pa,i Pa,i Pa,i + Pb,i Pab,i NLi NLgIobaI( Dab,i)
w w dB dB
2 NI, NLy + NL,
1 NL, NL,
0 P, NLg 0
-1 NL_, —NLg
-2 NL_, ~NLo - NL_,
The largest nonlinearity relative to the reference poewer is:
NLmax =+t maX(|NLg|0ba||) (dB) (39)

This fesult of the nonlinearity calibration can be included in the test meter's calijration
certifi¢ate or calibration report described in 5.5. If desired, NL,,, may be reported sepalrately,
togethler with its applicable uncertainty, as calculated in 7.2.3.

Using|3 dB power steps 'might be too large to detect nonlinearities that might apppar at
ampliffer range boundaries. This limitation can be avoided by starting the calibration from
severgl reference powers, or by taking separate measurements of the same power lejel on
both sjdes of the amplifier range boundaries.

7.2.3 Uncertainties

Typicdl. possible uncertainties of this method include all possible power fluctuations dyring a
set ofLthe—three—measuremenis—such—as—sourcefluctuations—due—to drifts or sensitivity to
changing reflections, instabilities due to interference if the coherence length of the laser is too
large, polarization sensitivity and resolution of the power meter. These errors for each step are
cumulative and will add to the errors of the preceding steps.

Another uncertainty is the inequivalence between the individual powers of each step and also
with the total power of the next step. If the individual powers are not properly balanced, the
result will not be reliable. For this last reason, the use of the optional attenuator in each path is
recommended, as shown in Figure 9 (the shutter is usually included in the attenuator). They
allow the power in each path to be balanced at the beginning of the measurements. Another
version of the setup uses this approach, but employs two separate laser sources directly
connected to the second and third attenuators respectively. It has the advantage to start
measurements at higher powers but it requires communication with the test meter to adjust the
attenuators at each step.
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Calculate first the combined standard uncertainty for the local nonlinearity (one step) u(NL;) by
root-sum-squaring all relevant standard uncertainty contributions. Then calculate the standard

uncert

where

ainty of the global nonlinearity with:

u(NLgiopal ) =/n xu(NL;) (dB)

n is the number of 3,01 dB steps counted from the reference level.

7.3
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both meters are recorded. In this case, errors can be due to the repeatability of the atter
|, the source power stability and the nonlinearity of the reference ‘meter. The nonligpearity
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by using the substitution technique. The reference meter is used to determine the
Then the reference meter is replaced by the test meter. The measurement res

reference meter should have been calibrated using a more accurate method.

jvisable to repeat the measurements with the working<stahdard to check for drifts

d of the substitution, simultaneous excitation.of both the reference meter and th
with the help of an appropriate beam splitter or branching device, is also possik
bd in Figure 10. A beam splitter/branching“device with an asymmetric ratio, or the
nd attenuator, will allow an extension of the dynamic range of the measurement i
bns. The dependence of the ratiovto the power level and polarization has

(40)

ossible measurement method is direct comparison of the test meter with' a ref¢rence
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rement. In order to extend the measurements to low)power levels, it is recommjended
that thie reference meter incorporate a low noise detector.
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Figure 10 — Measurement setup for nonlinearity calibration by comparison

Procedure

(1) Set the desired reference power with the help of the first attenuator.

(2) Measure the radiant power with the reference meter P o o and with the test meter Ppt o.

(3) Increase (or decrease) the power with the help of the first attenuator and record the power
measured with the reference meter P ; and with the test meter Ppt ;.

(4) Calculate the nonlinearity:
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. P
NE; = 10xl0gsp ~2UT_10xlogyo =t (dB) (41)
uT,0 Fet,0

(5) Repeat steps (3) to (4) to cover the measurement range.

7.3.3 Uncertainties

Possible sources of measurement uncertainties are given in the following list, which may not be
exhaustive. Additional contributions may have to be taken into account, depending on the
measurement setup and procedure. The mathematical basis, Annex A, should be used to
calculate and state the uncertainties.

a) nonlinearity of the linearity standard (usually calibrated by the superposition method);
b) source instability (back-reflections may cause source instability);

c) optical interference (the coherence length of the source should be smaller thgn the
digtance between reflection points);

d) polarization dependence of the components;

e) resolution of the test meter;

f) stability of the ratio of the beam splitter or the branching device if used;
g) depending on the procedure, the repeatability of the attenuatef.

7.4 |Nonlinearity calibration based on comparison/with an attenuator

The s|mplest but least accurate method to measure, the nonlinearity is based on varyiphg the
power|level with a calibrated attenuator. The trac€ability chain (3.34) of the attenuator shall be
determined. Care shall be taken in the calculation of the uncertainty since the calibration|of the
attenugtor is itself based on the linearity of“acalibrated power meter. This method dops not
requir¢ a second power meter; instead, thetreference power levels can then be calculatdd with
the krjown attenuation of the attenuator™~The main errors arise from the nonlinearity |of the
variable attenuator, its PDL in the case of single-mode fibres and the source power stabjility. It
is algo important to take into, account the attenuator's repeatability and wavefength
dependence. This method is nevertheless useful when high accuracy is not necessary bgcause
it is g§imple and because thé ;low insertion loss (only the loss of the attenuator) permits
measuyrement at higher power than other methods (up to the maximum input power at{which
the atenuator remains linear).

7.5 |Calibration of power meter for high power measurement

Most photoelectric detectors become nonlinear above an optical power of about 10 mW.
Sensdrs designed to measure power at higher power usually incorporate an attenuator ip front
of the |detector.

Absolute power calibration at high power [8] is not available widely. When not possible, it is
then necessary to calibrate the nonlinearity of the power meter up to high power. In this
context, high power is defined as powers greater than 10 mW. It is not straightforward to use
the same setup as described in 7.2 to 7.4 since several components may exhibit nonlinear
effects. The behaviour at high power of all elements in the calibration setup (connectors,
attenuators, branching devices, etc.) should be investigated. The superposition method is the
preferred method, since it does not rely on a reference standard, but note that the use of a long
length of fibre in one path of the superposition system is not desirable at high powers due to
the possibility of nonlinear effects causing apparent nonlinearity of the power meter.
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Annex A
(normative)

Mathematical basis for measurement uncertainty calculations

General

Annex A summarises 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

the me¢thod of evaluation of uncertainty by the statistical analysis of a series of measure

on th
knowl

A.2

Type 4
obser

For a
is:

This n
deviat|

where

X is

cument distinguishes two types of evaluation of uncertainty of measurement:\Tyj

same measurand. Type B is the method of evaluation of uncertainty lhased on
dge.

Type A evaluation of uncertainty

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

quantity X estimated from » independent repeated.Observations X,, the arithmetic

— 1&
X =% Xy
=1

nean is used as the estimate 0f the quantity, that is x -X . The experimental stg
on of the observations is given by:

s(X) =[n1_1 ,é(Xk _y)ﬂ

he arithmetic mean of the observed values;

X, arg the’'measurement samples of a series of measurements;

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

eAis
ments
other

\ evaluation of standard uncertainty can be applied\when several indepg¢ndent

mean

(A.1)

ndard

(A.2)

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

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

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.

ulx) =UKx)/k (A.4)
If only|upper and lower limits X, ,, and X,;, can be estimated for the value of theyquantity X, a

rectangular probability distribution is assumed.

The standard uncertainty is

(|Xmax —x| 1|Xmin _x|)MAX

u(x)= o

(A.5)

The cpntribution to the standard uncertainty associated)with the output estimate y regulting
from the standard uncertainty associated with the inpat'estimate x is

u(y) S u(x) (A.6)

where

¢ is the sensitivity coefficient associated with the input estimate x, that is the partial der|vative
of the model function y(x), evaluated at the input estimate x.

oy
-9 A7
e=— (A.7)

The seénsitivity coefficient ¢ describes the extent to which the output estimate y is influenged by
variatipns of the/input estimate x. It can be evaluated by Equation (A.7) or by using numerical
metholds, that(is)by calculating the change in the output estimate y due to a change in th} input
estimate x from a model function. Sometimes, it may be more appropriate to find the change in
the ouftput'estimate y due to the change in x from an experiment.

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:

o (3)= [ (0) (A.8)
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where

i is the current number of individual contributions;
uj(y) are the standard uncertainty contributions;
n is the number of uncertainties.

NOTE Uncertainty contributions in this equation that are smaller than 1/10 of the largest contribution are
negligible, 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 Equation (A.8). Despite its
partial 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 uncgertainties shall be
reportgd in the form of expanded uncertainties, together with the applicable-level of confi:ﬂence.

Corregtion factors or deviations shall be reported. The expanded uncertainty U is obtaiped by
multip|ying the standard uncertainty u(y) by a coverage factor k:
U=kxugy) (A.9)

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 £ are valid|under
some [conditions (see ISO/IEC Guide 98-3); if these conditions are not met, larger coyerage
factor$ are to be used to reach these levels of confidence.
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Annex B
(informative)

Linear to dB scale conversion of uncertainties

B.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 P:

P
Lp/p, :10xlog10(70] (dB) (B.1)

where

P and|P, are expressed in the same linear units.
B.2 | Conversion of relative uncertainties

Similaf to the definition in Clause B.1, relative uncertainties{U);,, or relative deviations, ¢an be
expregsed in decibels:

UdB=10><|Og10(1+U%) (B2)

Recipfocally, Uj;, can be expressed in % using:

Uds
Us, =[10 10 —1{x100 (B.3)

For small values of Uj;,,-thefirst term of the applicable Taylor series can be used. Having

2, n In x
In(1+x):Z o and Iog10x:|n(10) (B.4)
n=1
that lefads to:
10 & -1t 10
Ugr = Up' ~—— Uy B.5
dB In(10) pr " lin In(10) lin ( )

and to two useful expressions:

UdB z4,34><U|in @U"n z0,23XUdB (BS)
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ETALONNAGE DE WATTMETRES POUR DISPOSITIFS A FIBRES OPTIQUES

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation composée
de l'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour objet de
favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines de
I'électricité et de I'électronique. A cet effet, 'IlEC — entre autres activités — publie des Normes internationales,
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INTRODUCTION

Les wattmeétres pour dispositifs a fibres optiques sont congus pour mesurer la puissance
optique des sources a fibres optiques avec la plus grande exactitude possible. Cette capacité
dépend surtout de la qualité du processus d'étalonnage. Par opposition a d'autres types
d'appareillages de mesure, les résultats de mesure des wattmetres pour dispositifs a fibres
optiques dépendent généralement de nombreuses conditions de mesure. Les conditions de
mesure au cours du processus d'étalonnage sont appelées conditions d'étalonnage. Leur
description précise fait donc partie intégrante de I'étalonnage.

Le présent document définit toutes les étapes du processus d'étalonnage: établissement des
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a) ce
b) un
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su
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c) ce
d'y
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itude, des conditions d'étalonnage et de la tragabilité.

nnage de puissance absolu décrit la fagon de déterminer le rapport entre'la valeu
nce d'entrée et le résultat du wattmetre. Ce rapport est appelé factéur de corr
titude de mesure du facteur de correction est composée suivant I'Annexe A a par

e et de la procédure.

oir que

rtaines incertitudes sont des estimations de type B,fondées sur I'expérience,

e analyse détaillée de l'incertitude n’est généralement effectuée qu’une seule foi
hque type de wattmétre en essai et que tous.les étalonnages suivants reposent s
- cette analyse ponctuelle, en utilisant les contributions de mesure de type A appro
hluées au moment de |'étalonnage, et

rtaines incertitudes individuelles sont“simplement considérées comme faisant
ne liste de contréle, et auxquelles est associée une valeur réelle qui peut étre négl

brt de

 de la
pction.
Lir des
ai, du

ortant

5 pour
buvent
priées

partie
gée.

le 5 définit I’étalonnage de puissance absolu qui est obligatoire pour les ra
nnage faisant référence au présent document.

ports

le 6 décrit I'évaluation dell'incertitude de mesure d'un wattmétre étalonné fonctignnant
dans les conditions de référence ou dans les conditions de fonctionnement. Elle dépgnd de
itude d'étalonnage du ‘wattmétre calculée en 5.4, des conditions et de sa dépendance
pport a ces conditions. Elle est généralement effectuée par des fabricants, afin d'établir
pécifications, €t jn'est pas obligatoire pour les rapports faisant référence au pfésent
ent. L'un de\ces facteurs de dépendance, la non-linéarité, est déterminé dans un

hage séparé-(Article 7).
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ETALONNAGE DE WATTMETRES POUR DISPOSITIFS A FIBRES OPTIQUES

1 Domaine d'application

Le présent document s'applique aux appareils qui mesurent la puissance rayonnante émise par
des sources typiques pour l'industrie des communications par fibres optiques. Ces sources
comprennent les diodes laser, les diodes émettant de la lumiére (LED) et les sources fibrées.
Le ray i insi i 2 ésent
docunjent. Ce dernier définit I'étalonnage des wattmeétres a effectuer par des laboratoires
d'étalgnnage ou par des fabricants de wattmétres.

2 Reférences normatives

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

IEC 60793-2, Fibres optiques — Partie 2: Spécifications de, pfoduits — Généralités
IEC TR 61931:1998, Fibres optiques — Terminologie

ISO/IHC 98-3 Guide:2008, Incertitude de mesure — Partie 3: Guide pour Il'expressipn de
I'incertitude de mesure (GUM:1995)

3 Teérmes et définitions

Pour Ies besoins du présent document, les termes et définitions donnés dans I'lEC TR 1931,
ainsi que les suivants s'appliquent.

L'ISO ket I'IEC tiennent a<our des bases de données terminologiques destinées a étre utjlisées
en notimalisation, consultables aux adresses suivantes:

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

e |ISO Onlineg’browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1

laboratoire d'étalonnage accrédité
Iabormm—t—mr des
certificats d'étalonnage avec une incertitude minimale spécifiée, qui démontrent la tragabilité
aux étalons nationaux (3.14)

3.2

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 l'article: Lorsque l'appareil est congu pour donner une indication égale a zéro correspondant a une valeur
égale a zéro du mesurande, I'ensemble des opérations est appelé réglage de zéro.

Note 2 a l'article: Voir I'I|SO/IEC Guide 99:2007, 3.11, pour de plus amples informations.
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[SOURCE: IEC 60050-311:2001, 311-03-16, modifiée — Les mots "d'un appareil de mesure"
ont été supprimés du terme, et la Note 2 a l'article a été ajoutée.]

3.3

étalonnage

ensemble des opérations qui établissent, dans des conditions spécifiées, la relation entre les
valeurs des grandeurs indiquées par un instrument de mesure et les valeurs correspondantes
réalisées par les étalons de mesure

Note 1 a l'article: Le résultat d'un étalonnage permet soit l'affectation des valeurs des mesurandes aux
indications, soit la détermination de corrections par rapport aux indications.

Note 2 g l'article: Un étalonnage peut également déterminer d'autres propriétés métrologiques, telles qup I'effet
des grapdeurs d'influence.

Note 3 fa l'article: Le résultat d'un étalonnage peut étre enregistré dans un document, appelé~parfois dertificat
d'étalorinage ou rapport d'étalonnage.

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

3.4
conditions d'étalonnage
conditlons de mesure dans lesquelles |'étalonnage est réalisé

3.5
longupur d'onde centrale
/lc

] e . ] BN .
longugur d'onde moyenne pondérée en puissance d'une source de lumiére dans le vide

Note 1 f l'article: Pour un spectre continu, la longueur d'ende centrale est définie par:

[ p(2) 2
= (1)
Ptotale
Pour ur] spectre constitué de modes dis¢rets, la longueur d'onde centrale est définie par:
2
o=~ (2)
20
i
ou
pl) est Ja densité spectrale de puissance de la source, par exemple en W/nm;
% est la longueur d'onde dans le vide du i#™ mode discret
P, est la puissance du i®™ mode discret, par exemple, en W;
Piiale €St la puissance totale, par exemple, en W.

Note 2 a l'article: Les intégrales et sommations ci-dessus s'étendent en théorie sur I'ensemble du spectre de la
source de lumiéere. Cependant, il est généralement suffisant de réaliser l'intégrale ou la sommation sur le spectre
sur lequel la densité spectrale p(}) ou la puissance P, est supérieure a 0,1 % de la densité spectrale maximale p(})
ou de la puissance P;.

3.6

facteur de correction

CF

facteur numérique par lequel le résultat brut d'un mesurage est multiplié pour compenser une
erreur systématique
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Note 1 a l'article: Le symbole "CF" est dérivé du terme anglais développé correspondant "correction factor".

3.7

détecteur

élément du wattmetre qui convertit la puissance rayonnante optique en une grandeur
mesurable, normalement électrique

Note 1 a l'article: Dans le présent document, le détecteur est considéré comme étant connecté au port d'entrée
optique par un chemin optique.

Note 2 a l'article: Voir I'ISO/IEC Guide 99:2007, 3.9, pour de plus amples informations.

3.8
écart
D
différgnce relative entre la puissance mesurée par I'appareil de mesure d'essai (3:32) P et
la puigsance de référence P

D= PDUT _Pref (3)
Pref

Note 1 g l'article: Le symbole "D" est dérivé du terme anglais développé cartespondant "deviation".

3.9
excitation
<fibre} description de la répartition de la puissance optique entre les modes dans la fibre

Note 1 f l'article: Dans le cas des fibres multimodales, I'ex¢éitation de la fibre est décrite par

a) le giamétre du spot (3.31) a la surface de I'extrémijté~de la fibre, et

b) [I'odverture numérique (3.17) du rayonnement émis par la fibre.

Par hypothése, les fibres unimodales sont généralement excitées uniquement par un mode (le mode fondamgntal).

3.10
mode|de I'appareil
ensenble de parameétres qui peuvent étre choisis sur un appareil

Note 1 p I'article: Les parametres typiques du mode de I'appareil sont la plage de puissance optique, le rédlage de
longueyr d'onde, I'unité deg"mesure de I'affichage et la sortie qui permet d'obtenir le résultat de mesure (par §xemple
affichade, bus d'interface, ‘'sortie analogique).

3.11
éclairement énergétique
quotient de la puissance rayonnante différentielle JP incidente sur un élément du plan de
référepee par la surface différentielle 24 de cet élément:

E:Z—j (W/mz) (4)

Note 1 a l'article: Voir I'l'EC TR 61931:1998, 2.1.15, pour de plus amples informations.

3.12
résultat de mesure

y

sortie (affichée ou électrique) d'un wattmetre (ou étalon), aprés exécution de toutes les actions
indiquées dans les instructions de fonctionnement, par exemple préchauffage, réglage de zéro
et correction de la longueur d'onde
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Note 1 a l'article: Le résultat de mesure est exprimé en watts (W). Pour les besoins de l'incertitude, il convient de
convertir en watts les résultats de mesure exprimés dans d'autres unités, par exemple en volts. Il convient aussi de
convertir les résultats de mesure exprimés en décibels (dB) en watts, car le cumul de l'incertitude totale repose sur
les résultats de mesure exprimés en watts. Voir ’Annexe B.

3.13

étendue de mesure

ensemble des valeurs du mesurande pour lesquelles I'erreur d'un instrument de mesure est
définie comme étant comprise dans des limites spécifiées

Note 1 a l'article: Dans le présent document, I'étendue de mesure est |la plage de la puissance rayonnante (partie
de plage de fonctionnement), pour laquelle l'incertitude aux conditions de fonctionnement est spécifiée. Dans ce
contexte, il convient d'éviter le terme "dynamique".

Note 2 g I'article: Voir I'ISO/IEC Guide 99:2007, 4.7, pour de plus amples informations.

3.14
étalon national
étalon| reconnu par une décision nationale pour servir, dans un pays, de base pour atjribuer
des vgleurs a d'autres étalons de la grandeur concernée

Note 1 g l'article: Voir I'ISO/IEC Guide 99:2007, 5.3, pour de plus amples informations.

3.15
laboratoire d'étalon national
laboratoire qui conserve I'étalon national (3.14)

3.16
non-linéarité
NL
différgnce relative entre la réponse (3.28) a.Une puissance P donnée et la réponse |a une
puissgnce de référence P:

oo = "(P)
P/P, r(PO) (5)

Si elle| est exprimée en décibels, la non-linéarité est:

) (P)
NLP/PO IOXIOQIO (dB) (6)

r(R)

Note 1 f l'articlte:> La non-linéarité est égale a zéro a la puissance de référence.

Note 2 f«l'article: Le terme "non-linéarité locale" est utilisé pour la différence relative entre les réponses|a deux

H iffs + lad 2.04 4D\ bt &l LAtal &l 1 P itA
niveaux—de—pwssance—differents{séparéspar—3;0-dBobtervesau—rcours—det ctatonrage—deta—rontacarite. Le

terme "non-linéarité globale" est utilisé pour le résultat de la somme des non-linéarités locales (en dB); il est
identique a la non-linéarité définie ici.

3.17
ouverture numérique
description de la divergence du faisceau d'une source optique

Note 1 a l'article: Dans le présent document, 'ouverture numérique est le sinus (linéaire) du demi-angle auquel
I"éclairement énergétique correspond a 5 % de I'éclairement énergétique maximal.

Note 1 a l'article: Adapte de la définition de I'ouverture numérique pour les fibres multimodales a gradient d'indice
donnée a I’ IEC 60793-1-43:2015, Article 3; dans le présent document, la définition sert a décrire la divergence de
tous les faisceaux divergents.
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3.18

conditions de fonctionnement

ensemble approprié de plages spécifiées de valeurs des grandeurs d'influence généralement
supérieures aux conditions de référence pour lesquelles les incertitudes d'un instrument de
mesure sont spécifiées

Note 1 a l'article: Les conditions de fonctionnement et l'incertitude aux conditions de fonctionnement sont
généralement spécifiées par le fabricant a I'intention de I'utilisateur.

3.19
plage de fonctionnement
plage spécifiée de valeurs d'un des ensembles des conditions de fonctionnement (3.18)

3.20
port d'entrée optique
entrégd physique du wattmétre (ou étalon) a laquelle la puissance rayonnante doft étre
appliguée ou a laquelle I'extrémité de la fibre optique doit étre connectée

Note 1 [a I'article: Un chemin optique (chemin de rayons avec ou sans éléments-optiques tels que Ipntilles,
diaphragmes, guides de lumiére, etc.) est réputé connecter le port d'entrée optique avec’/le détecteur du watjmétre.

3.21
plan de référence optique
plan sur ou prés du port d'entrée optique (3.20) qui sert a définir le diametre du diamdtre du
spot ($.31)

Note 1 p I'article: Par hypothése, le plan de référence optique est généralement perpendiculaire a la progagation
du faisgeau, et il convient de le décrire a l'aide de dimensions mécaniques appropriées se rapportant fau port
d'entré¢ optique du wattmétre.

3.22
réponse dépendant de la polarisation
PDR
variatipn de la réponse d'un wattmétre en fonction de tous les états possibles de polarisation
de la lumiére d'entrée:

"max ] (dB) (7)

"min

PDR =10><Ioglo[

ou

"max €t 'min SORt'les réponses maximale et minimale (3.28) enregistrées sur tous les éfats de
polarisation

Note 1 p liarticle: La réponse dépendant de la polarisation est exprimée en décibels.

Note 2 a I'article: L'abréviation "PDR" est dérivee du terme anglais développé correspondant "polarization
dependent response”.

3.23

wattmetre pour dispositifs a fibres optiques

appareil pouvant mesurer la puissance rayonnante des sources a couplage de fibres telles que
les lasers et les LED, typiques pour l'industrie des communications par fibres optiques

Note 1 a l'article: Le rayonnement peut étre divergent ou collimaté. Par hypothése, le rayonnement est défini
comme étant incident sur le plan de référence optique dans les conditions spécifiées.

Note 2 a l'article: Un wattmétre peut comporter soit un appareil unique, soit un appareil principal et une téte de
détection séparée. Dans le cas d'une téte de détection séparée, la téte peut étre étalonnée sans I'appareil principal.
Toutefois, si des systémes électroniques analogiques sont utilisés dans I'appareil principal, la téte de détection doit
étre étalonnée avec I'appareil principal.
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a l'article: Un wattmetre pour dispositifs a fibres optiques peut en général mesurer la valeur moyenne
temporelle d'une puissance optique modulée. Une incertitude plus importante peut étre observée qui dépend du
cycle de service et de la puissance de créte de la puissance optique modulée.

puissance rayonnante

P

puissance émise, transférée ou regue sous la forme de rayonnement optique [1]1

Note 1

3.25
condi
condit

a l'article: La puissance rayonnante est exprimée en watts.

: loréfa

ons d'utilisation exigées pour les essais de performance d'un instrument de mes

pour l& comparaison entre les résultats des mesurages

Note 1
de réfé

3.26

ence pour les grandeurs d'influence affectant I'instrument de mesure.

appargil de référence

étalon
(3.32)

3.27

qui est utilisé comme référence pour I'étalonnage (3.3) d'un‘@ppareil de mesure d

étalon de référence

étalon

en général de la plus haute qualité métrologique’ disponible a un emplacement

ou dams un organisme donné, dont les mesurages qui y sont effectués sont dérivés

Note 1

3.28
répon
-

b 'article:  Voir I'ISO/IEC Guide 99:2007, 5.6, pout/de plus amples informations.

se

résultat de mesure d'un wattmétrey,>y, divisé par la puissance rayonnante sur le p

référe

Note 1

3.29
sensi
sensi
R

nce optique du wattmétre .R; a une condition de mesure donnée:

7= % (W/W, sans dimension)
b 'article:  Un'wattmétre idéal indique une réponse de 1 pour toutes les conditions de fonctionnemer

pilité spectrale
ilité

ire ou

b |'article: Les conditions de référence comprennent généralement les valeurs de référence ou leq plages

'‘essai

donné

an de

(8)

~

quotient du courant de sortie du détecteur I par la puissance optique monochromatique

incide

Note 1

Note 2

1 Les

nte P:

I
R=— (AW
5 (AW)

a l'article: La sensibilité dépend des conditions (longueur d'onde, température, etc.). Voir Figure 1.

a l'article: Le symbole "R" est dérivé du terme anglais développé correspondant "responsivity".

chiffres entre crochets se référent a la Bibliographie.


https://iecnorm.com/api/?name=634dca5a532ac1bef4058a56f8260db9

IEC 61315:2019 © IEC 2019 - 55—

InGaAs

Sensibilité (A/W)
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IEC
Légende

Si silicium

Ge germanium

InGaAs| arséniure de gallium-indium

Figure 1 — Sensibilité spectrale typique des détecteurs photoélectriques

3.30
largedr de bande spectrale
B
largeur a mi-hauteur (LMH) du spectre de la source

Note 1 [a I'article: Si la source est une diode laser avec Un spectre présentant différents modes longitydinaux,
alors la|largeur de bande spectrale LMH B est la largeur-dé’bande spectrale efficace, multipliée par 2,35 (lg source
étant rgputée comporter une enveloppe gaussienne):

1 2
B=235 |——> R(}—/) (10)
Ptotale i
Fotale :ZPI (11)
i
ou
Ao est la longueur'd'onde centrale (3.5) de la diode laser, en nm;
Piotale | est la puissance totale, en W;
P; est(a puissance du M€ mode longitudinal, en W;

A

i esf la longueur d'onde dans le vide du i®™M®€ mode longitudinal, en nm.

Note 2 a l'article: Si la source émet uniquement a une longueur d'onde (spectre a une raie), il peut suffire de
définir une limite supérieure, par exemple largeur de bande spectrale < 1 nm.

Note 3 a l'article: |l est généralement suffisant de réaliser l'intégrale ou la sommation sur le spectre sur lequel la
puissance est supérieure a 0,1 % de la puissance maximale.

Note 4 a I'article: Le symbole "B" est dérivé du terme anglais développé correspondant "bandwidth".

3.31

diameétre du spot

diameétre de la surface éclairée sur le plan de référence optique, défini par le cercle (meilleure
approximation) auquel I'éclairement énergétique (3.11) est tombé a 5 % de lI'éclairement
énergétique de créte
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Note 1 a l'article: Le rapport de 5 % a été adopté pour des raisons de compatibilité avec la définition de
I'ouverture numérique. D'autres rapports sont souvent utilisés pour décrire les faisceaux laser, par exemple 1/e2 ou
1/e. Dans ce cas, cela doit étre établi avec la valeur du diametre du spot.

3.32

appareil de mesure d'essai

wattmetre pour dispositifs a fibres optiques (3.23) (ou étalon) a étalonner, par comparaison
avec l'appareil de référence (3.26)

3.33
tracabilité
propriété du résultat d'un mesurage ou d'un étalon tel qu'il puisse étre relié a des références

déterntinées, generalement des etalons nationaux ou mternatfonaux, par intermedtaire] d'une

chaing ininterrompue de comparaisons, ayant toutes des incertitudes déterminées

Note 1 & I'article: Voir 'ISO/IEC Guide 99:2007, 2.41, pour de plus amples informations.

3.34
chainge de tracabilité
chaing ininterrompue de comparaisons (voir Figure 2)

Note 1 & I'article: Voir I'lSO/IEC Guide 99:2007, 2.42, pour de plus amples infgrmations.

Etalon
national

Laboratoire d’étalon national

Y

Etalon de
trayvail

Laboratoire d’étalonnage accrédité

Y Y

Etalon de
transfert

Laboratoire d’étalonnage

de I'entreprise y

Etalon de
travail

Y

Appareil de
mesure d’essai

IEC

Figure 2 — Exemple d'une chaine de tragabilité

3.35
étalon de travail
étalon qui est utilisé couramment pour étalonner ou contréler des instruments de mesure

Note 1 a I'article: Un étalon de travail est habituellement étalonné par rapport a un étalon de référence (3.27).

Note 2 a I'article: Voir 'lSO/IEC Guide 99:2007, 5.7, pour de plus amples informations.

3.36
erreur a zéro
résultat de mesure d'un wattmeétre sans éclairement du port d'entrée optique

Note 1 a I'article: Voir I'lSO/IEC Guide 99:2007, 4.28, pour de plus amples informations.
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4 Préparation pour lI'étalonnage

4.1 Organisation

Le laboratoire d'éfalonnage doit s'assurer que les exigences appropriées en matiére
d'étalonnage sont suivies.

NOTE Les conseils sur les bonnes pratiques en matiére d'étalonnage sont disponibles dans I''SO/IEC 17025 [18].

Il convient d'établir une procédure de mesure détaillée pour chaque type d'étalonnage effectué,
donnant des instructions de fonctionnement étape par étape et I'appareillage a utiliser.

4.2 |Tracgabilité

Le labpratoire d'étalonnage doit s'assurer que les exigences appropriées sont sujvies.

NOTE |Les conseils sur les bonnes pratiques en matiéere d'étalonnage sont disponibles dans I'lISO/IEC 17025 [18].

Tous [es étalons utilisés dans le processus d'étalonnage doivent étre- étalonnés selon un
progrgmme détaillé présentant la tragabilité avec les laboratoires d'étalons nationaux qu des
laboraftoires d'étalonnage accrédités. Il est recommandé de conserver plus d'un étalon a
chaquEe niveau de la hiérarchie, de telle sorte que les qualités’,de’ fonctionnement de Ijétalon
puissgnt étre vérifiées par comparaison au méme niveau. Veérifier I'étalonnage de touf autre
matériel d'essai ayant une influence significative sur les résultats d'étalonnage. Sur denjande,
définil ce matériel d'essai et sa ou ses chaines deg\ctracabilité. La ou les périodes de
réétalpnnage doivent étre définies et documentées.

4.3 |Recommandations pour les mesurages ét\les étalonnages

4.3 folrnit des recommandations d'ordre géneéral pour tous les mesurages et étalonnagés des
wattmetres optiques et pour dispositifs a fibres optiques.

Il conyient d'effectuer I'étalonnage . dans une piéce a température régulée si des détecteurs
sans fégulation de température sont’utilisés. La température recommandée est de 23 [C. Le
contrdle de I'hnumidité peut étre.‘necessaire si des détecteurs optiques sensibles a I'nymidité
sont ukilisés, ou si la condensation des composants est possible. Une variation de I'humidité du
laboratoire peut modifier l'absorption de I'air et par conséquent modifier la puissance. C4t effet
est re|ativement importantientre 1 360 nm et 1 410 nm, en particulier lorsqu'un étalonnage a
faiscefiu en espace libre/ de type séquentiel, est utilisé et que I'humidité varie entre les é
Dans |e cas d'étalonnages de type paralléle avec des trajets de faisceaux en espace libre de
longugurs approximativement identiques, les résultats de mesure de l'appareil de référepce et
de l'appareil de\mesure d'essai varient environ au méme moment, avec un effet négligeable
sur le frésultatide I'étalonnage.

Il conyient de maintenir le laboratoire propre. |l convient de toujours nettoyer les conn
et les ports d'entrée optique avant mesurage. Il convient de vérifier la qualité et la propreté du
connecteur en face du détecteur. Il convient de déplacer toutes les fibres aussi peu que
possible pendant les mesurages; elles peuvent étre fixées au banc d'essai si nécessaire. |l
convient de déplacer les capteurs vers la fibre plutét que la fibre vers le capteur.

Il convient de caractériser la source optique utilisée pour l'excitation du wattmetre pour la
longueur d'onde centrale et la largeur de bande spectrale. 1l convient que la largeur de bande
spectrale soit suffisamment étroite afin d'éviter l'intégration sur une plage étendue de
longueurs d'onde. Les moyens permettant de garantir la stabilité de la source, par exemple a
I'aide d'un contréle de puissance indépendant, peuvent étre recommandés.

Les diodes laser sont sensibles aux rétroréflexions. Pour améliorer la stabilité, il est
recommandé d'utiliser un affaiblisseur optique ou un isolateur optique entre la diode laser et
I'appareil de mesure d'essai. En raison de leurs largeurs de bandes spectrales réduites, la
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combinaison de diodes laser et de fibres multimodales peut également générer des motifs de
tachetures sur le plan de référence optique, ce qui a pour résultat d'accroitre l'incertitude de
mesure.

Les connecteurs de fibre et les adaptateurs sont susceptibles d'engendrer des erreurs dans le
résultat de mesure [2], en raison des réflexions multiples entre le port d'entrée optique (ou le
détecteur) et la combinaison connecteur-adaptateur (comme partie de la source). Par
conséquent, les connecteurs et les adaptateurs a faible réflectivité sont recommandés pour
I'étalonnage. A défaut, un facteur de correction et une incertitude plus importante peuvent
devoir étre pris en compte.

Il est andé—d'd SC GCS—apparctr s—aec—r1rererernce—av >S5 C mretres—de—détecteur de
> 3 mm, car ils peuvent étre éclairés facilement avec un faisceau en espace libre et sont|moins
sujets|a la contamination (impuretés et poussiére). Il convient de réduire le plus possibble les

réflexipns de surface de l'appareil de référence. Si la source émet un faisceau divegrgent,
l'utilisation d'un appareil de référence a sphére intégrante peut alors étre recommandée| Il est
aussinossible d'utiliser des appareils a détecteurs "plats" et une correction’ mathématique,
fondé¢ sur la multiplication de la répartition du champ lointain émis(-par la dépendance
angulaire mesurée du détecteur de l'appareil de référence et l'intégration sur la plade des
angleg de champ lointain.

Il conjvient d'envisager un contréle de température des défecteurs pour les étaloninages
extrémement précis, car les détecteurs présentent d'importantes dépendances par rappqrt a la
tempéfrature sur certaines plages de longueurs d'onde.

4.4 Recommandations aux utilisateurs

Il est ecommandé que l'utilisateur du wattmeétre conserve au moins un wattmeétre de référence,
qui Iui permette de comparer les appareilsppour confirmation. Ces comparaisong sont
particdlierement importantes avant et apréscl'envoi de l'appareil en réétalonnage, car elles
permettent a l'utilisateur de déterminer si sen échelle a changé ou non, par exemple en [raison
du trapsport, lorsque l'appareil revient. Les changements d'échelle dus a I'ajustage (3.2) (voir
I'"EC §0050-311:2001, 311-03-16, et _le*Guide ISO/IEC 99:2007, 4.30) sont consignés [sur le
certifigat d'éfalonnage.

Une gomparaison réguliere des facteurs de correction (3.6), ou des écarts (3.8) permet a
l'utilisateur de faire ressortir un vieillissement excessif et peut-étre d'ajuster les intervalles de
réétalpnnage.

5 Etalonnage‘de puissance absolu

5.1 Méthodes d'étalonnage

L'étalgnhage d'un wattmétre s'effectue généralement en exposant a la fois I'appareil en essai
et un—wattmetre—gtatonmedont—timcertitude—est—conmue {appareil—de Teférernce)- a un
rayonnement optique, et en transférant le résultat de mesure de I'appareil de référence (3.26) a
I'appareil de mesure d'essai (3.32).

La largeur de bande spectrale admissible (3.30) dépend de la sensibilité spectrale (3.29) de
I'appareil de mesure d'essai: plus forte est sa dépendance par rapport a la longueur d'onde,
plus étroite est la largeur de bande spectrale. Les largeurs de bandes habituelles sont
< 10 nm, ce qui exclut la possibilité d'étalonner avec des LED de plus grande largeur de bande.
Par conséquent, des combinaisons de sources "blanches" et de filtres de largeur de bande
étroite (par exemple monochromateurs), des diodes lasers ou des combinaisons de lasers
supercontinuum avec filtres passe-bandes ajustables sont utilisées pour les étalonnages des
wattmetres pour dispositifs a fibres optiques.

Six méthodes plus fréquentes d'étalonnage (voir Tableau 1) peuvent étre déterminées selon le
type de source et de géométrie du faisceau d'excitation:
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Tableau 1 — Méthodes d'étalonnage et puissance typique correspondante

Source de rayonnement Etalonnage a faisceau en Etalonnage a faisceau issu d'une

espace libre

fibre

"Blanche" avec filtre P~10 pW P~10nW a 0,3 yW (MMF)

P ~2nW (SMF)

Diode laser P~ 10 pyW a quelques mW P~ 10 yW a quelques mW (SMF et MMF)
Laser supercontinuum avec filtre | P~ 1 yW a quelques mW P=~1puW a700 uW (SMF et MMF)
Key

SMF (

MMF (multimode fibre): fibhre multimodale (généralpmpnt fibre 3 gradipnt d'indice)

Eingle-mode fibre): fibre unimodale

Pour les wattmétres pour dispositifs a fibres optiques, un étalonnage a faiSceau issu

fibre ¢
les ré
issu d

La m

séque
const3
I'étalo
de gé
mesur

A titre
utilisa
gaine

st recommandé. Pour un étalonnage a faisceau en espace libre, il convient de ¢
bultats d'étalonnage en utilisant une série de résultats d'étalonnage’par laser a fa
une fibre obtenus a quelques longueurs d'onde.

htiellement a la source, il convient alors de maintenir la puissance rayonnée
nte que possible, par exemple par une stabilisation appropriée. Dans le ¢
hnage de type paralléle, un séparateur de faisceau ou un dispositif de couplage
nérer deux faisceaux qui excitent simultanément 'appareil de référence et I'appa

d'exemple, la Figure 3 représente un.montage de mesure pour un étalonnage séq
nt le faisceau issu d'une fibre. Un‘appareil d'injection, pour suppression des mod
et création d'une excitation modale appropriée, est compris dans le montage.

1
- —>
1

d'une
brriger
sceau

bthode de mesure séquentielle et la méthode de mesure parallele peuvent étre
déterminées. Lorsque |'appareil de référence et l'appareil de“mesure d'essai sont eX

posés
aussi
s de
ermet
reil de

e d'essai. Dans ce cas, le rapport du séparateur de faisceau ou du dispositif de coliplage
doit étre déterminé de la maniére la plus exacte possible et sa stabilité doit étre étudiée.

hentiel
es de

r
1
1
! Wattmétre
: de référence
1
X 1 1
A I
& B——m B PB——m—] L q—
= = = = = —»
. 1
Source Affaiblisseur Appareil
(facultatif) d’injection Wattmetre

en essai
IEC

Figure 3 — Montage de mesure pour un étalonnage séquentiel, utilisant le faisceau issu

5.2

d'une fibre

Etablissement des conditions d'étalonnage

Les conditions d'étalonnage (3.4) sont les conditions de mesure au cours du processus
d'étalonnage. L'établissement et le maintien des conditions d'étalonnage constituent une partie
importante de I'étalonnage (3.3), car toute modification de ces conditions peut entrainer des
résultats de mesure erronés. Il convient que les conditions d'étalonnage représentent une
approximation fidele des conditions de fonctionnement prévues (3.18). Cela garantit une
incertitude (supplémentaire) dans I'environnement de fonctionnement aussi faible que possible.
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Il convient de définir les conditions d'étalonnage sous la forme de valeurs nominales avec des
incertitudes le cas échéant. Afin de satisfaire aux exigences du présent document, les
conditions d'étalonnage doivent comprendre au minimum les éléments suivants:

a) la date d'étalonnage;

b) la température ambiante avec une incertitude, par exemple 23 °C + 1 °C.

c) I'hnumidité relative ambiante, si elle a une influence; sinon, par hypothése, une humidité
relative en de¢a du point de condensation est prise en compte.

d) la puissance rayonnante nominale sur le plan de référence optique (3.21);

e) la géomeétrie du faisceau:

1)| un faisceau en espace libre (par exemple collimaté), décrit par le diametre \dy spot
(3.31) sur le plan de référence optique, I'ouverture numérique du faisceau (3.17|) et la
distribution de I'éclairement énergétique (3.11) dans le faisceau; les distributigns de
I'éclairement énergétique typiques sont: uniforme, gaussienne, voire irféguliére|(avec
des tachetures);

2)| le type de fibre et, le cas échéant, son degré d'excitation (pat~exemple dans des
modeéles de flux inscrit définis dans I'lEC 61280-4-1 en casd'utilisation d'ung fibre
multimodale A1a ou A1b);

f) la pombinaison connecteur-adaptateur: type de connecteur, polissage et adaptateur comme
partie de la source d'excitation (le cas échéant);

g) la Jongueur d'onde centrale (3.5) de la source d'excitation;
h) la largeur de bande spectrale (3.30) de la source d'excitation;

i) I'élat de polarisation: "lumiére non polarisée" ou “lumiére polarisée, état non défini"| Si ce
defnier est choisi, l'incertitude due a la réponse* dépendant de la polarisation (3.22) doit
étne prise en compte en 5.4.3 et 5.4.5.

Les cpnditions citées ci-dessus peuvent nevpas étre exhaustives. Il peut y avoir dautres
paramétres qui ont une influence significative sur l'incertitude d'étalonnage et, par conséquent,
ils doiyent aussi étre mentionnés.

Dans |e cas d'un étalonnage aveglun faisceau en espace libre, il convient d'éclairer le pjan de
référephce optique du wattmétre(3.21) au centre avec un diamétre de faisceau inférieyr a la
surface active du plan de référence optique.

Dans Je cas d'un étalonnage avec une fibre, une fibre unimodale ou multimodale pedt étre
utiliség. Une fibre unimodale peut étre avantageuse en raison de ses caractéristiques de
faiscepu reproductiblés, mais peut ne pas étre disponible pour toutes les longueurs d'ornde. Si
une fipre multimodale est utilisée, une excitation comprise entre 85 % et 95 % (condition
légérgment sous-remplie) est préférable, car elle peut étre plus facilement reproduife (les
modeles de flux inscrit définis dans I'lEC 61280-4-1 constituent un bon exemple de cef état).
Un aplparejl”d'injection peut étre nécessaire pour créer |'excitation appropriée. Noter que les
fibres i S ' istributi irrégulic ifs de
tachetures), lorsqu'elles sont pilotées par une diode laser. Ceci entraine une plus grande
incertitude d'étalonnage.

Il convient d'utiliser une combinaison connecteur-adaptateur uniquement si le wattmétre est
étalonné avec une fibre, et non pas avec un faisceau en espace libre. Il est recommandé
d'utiliser une combinaison de connecteur et d'adaptateur ayant des réflexions suffisamment
faibles vers le wattmetre.

5.3 Procédure d'étalonnage

(1) Etablir et enregistrer les conditions d'étalonnage appropriées (5.2). Mettre tous les
appareils sous tension et attendre suffisamment de temps pour qu'ils se stabilisent.

(2) Régler le mode (3.10) de I'appareil de référence et de I'appareil de mesure selon le manuel
d'utilisation. Définir la longueur d'onde de tous les appareils sur la longueur d'onde de la
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(3)

(4)

(6)

(7)

source. Sélectionner les plages de puissance appropriées. Enregistrer les modes d'appareil
des deux wattmetres. Régler le zéro des deux appareils, le cas échéant.

Mesurer la puissance optique avec l'appareil de référence Pgtq.1- Multiplier le résultat de
mesure par le facteur de correction de l'appareil de référence CFgy indiqué dans son
certificat d'étalonnage, s'il n'a pas été ajusté. Multiplier par le facteur de correction
CFyariation Calculé en 5.4.4 si nécessaire. Enregistrer le résultat de mesure,
Pref,1 = Pstg 1 % Clgtg x CF

Mesurer la puissance optique avec l'appareil de mesure d'essai. Appliquer les corrections
nécessaires, comme le proposent les instructions de fonctionnement. Enregistrer le
resultat de mesure, Ppy 1-

variation-

Fef 1

Fout 1

(12)

CFcomparaison,1 =

Répéter les étapes (3) a (5) plusieurs fois dans le but d'obtenir plusieurs factedlirs de
correction, CFcomparaison,1 a CFcomparaison,n'

C4qlculer et enregistrer le facteur de correction moyen, CFpg-~a partir des factelirs de
cofrection individuels:

1 n
Chpyt =—x ZCFcomparaison,i (13)

A
Lorsque cela est souhaité, I'écart D peut étréeccalculé a partir du facteur de correction:

1

D =
Clpyr

-1 (14)

Dans pne utilisation ultérieure de I'appareil de mesure d'essai, les résultats de mesure doivent
étre multipliés par CFp7. En variante, un ajustage (3.2) de l'appareil de mesure d'essgi peut
étre effectué, de telle sorte .que’le facteur de correction soit modifié a 1. Dans ce fas, |l

convignt de répéter la comparaison pour vérification.

5.4

5.4.

Incertitude d'étalonnage

1 Généralites

L'inceftitude d'étalonnage est I'incertitude de mesure du facteur de correction CFp 1. Calculer

I'incertitude type composée a partir de:

ou

2 2 2
u (CFDUT ) = \/”montage +Uref TUDUT (15)

Umontage IS the incertitude due au montage (5.4.2);

Uref

is the incertitude de I'appareil de référence (5.4.3);

UpyT is the incertitude due a I'appareil de mesure d'essai (5.4.5).

L’Equation (15) n'est valable que si les grandeurs d'entrée sont indépendantes ou non
corrélées. Si certaines grandeurs d'entrée sont corrélées de fagon significative, tenir compte
de la corrélation. Voir I'ISO/IEC Guide 98-3 pour de plus amples informations.

Calculer ensuite l'incertitude élargie a partir de:
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U(CFDUT ) = qu(CFDUT)

k estle facteur d'élargissement.

Voir I'Annexe A pour de plus amples informations.

5.4.2

Incertitude due au montage

Les incertitudes suivantes peuvent provenir du montage.

(16)

a) In
pu
ing
lun

b) Ing
mé

c) En
en

L'instg

de coliplage (pour la méthode paralléle) provoque une diffusion dans le mesurage du f

de co
experi
I'étalo
réduir
I'incer

ou
S(CFgq

Cette

ertitude due a l'instabilité de puissance de la source. Outre la variation intrinseg
issance de sortie par rapport au temps, une source laser peut réagir avec une _puig
table aux variations des rétroréflexions et aux variations de I'état de polarisation
hiére rétroréfléchie.

ertitude due au rapport du séparateur de faisceau ou du dispositif de leouplage ({
thode paralléle), par exemple en raison de leur dépendance par rapport a la polari

fonction du montage et de la méthode, d'autres incertitudes_peuvent devoir étre
compte.

rrection. L'incertitude due a ces instabilités peut €tre calculée a partir de I'éca
mental des facteurs de correction CFgomparaisomh@ CFoomparaison,n MeSUre au co
hnage (Equation (12)). Il convient que le nombte de comparaisons soit grand, 4
p cette incertitude. Voir I'Annexe A pour de plus amples informations sur I'évaluat

itude de type A.

S (CFcomparaison )
Umontage;typeA = N

mparaison) €St I'écart type expérimental des facteurs de correction;

ncertitude peut_également étre calculée a partir d'un écart type évalué une fois 3

des
convi

esurages et.utilisé pour tous les étalonnages ou a partir d'une évaluation de typ
nt par cohséquent que l'instabilité ne varie pas trop d'un éfalonnage a l'autre et

est le nombre de cycles de mesure au cours du processus d'étalonnage.

ue de
sance
de la

our la
bation.

prises

bilité de puissance de la source, du rapport du séparateur de faisceau ou du digpositif

acteur
t type
Lirs de
fin de
on de

(17)

partir
e B. 1l
u'elle

ne dépende pas’ de I'appareil de mesure d'essai. Le nombre n dans I'Equation (17) représente
s leenombre de cycles de mesure au cours du processus d'étalonnage actuel.

toujou

Cette H

de la

connexion, en utilisant une méthode de mesure séquentielle ou par de légéres modifications
dans les conditions de mesure au cours du processus d'étalonnage. Elle peut (partiellement)
prendre en compte certaines des incertitudes dues a l'appareil de référence (5.4.3) ou a
I'appareil de mesure d'essai (5.4.5). Il convient de ne pas prendre en compte deux fois les
composantes de l'incertitude, mais également de ne pas les oublier.

Calculer l'incertitude due au montage en combinant toutes les incertitudes partielles décrites

enb5.4

.2:

m
2
Umontage = Umontage,i

i=1

(18)
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