
 

IEC 61 31 5 
Edition  3.0 201 9-03 

INTERNATIONAL 
STANDARD 

NORME 
INTERNATIONALE 

Calibration of fibre-optic power meters  
 
Étalonnage de wattmètres pour dispositifs à fibres optiques 
 

IE
C
 6
1
31

5
:2

01
9
-0

3(
en

-f
r)
 

  
  

® 
 

 

colour
inside

Provided by IHS Markit under l icense with  IEC

Full document details: IEC 61315-2019

http://avadocuments2026.com/doc/iec-61315-2019
http://avadocuments2026.com/doc/iec-61315-2019


 

 

  

 THIS PUBLICATION  IS COPYRIGHT PROTECTED 

 Copyright © 201 9 IEC,  Geneva,  Switzerland   
 
Al l  rights  reserved.  Un less  otherwise specified ,  no part of th is  publ ication  may be reproduced  or u ti l i zed  in  any form  
or by any means,  electronic or mechanical ,  includ ing  photocopying  and  microfi lm,  wi thout permission  in  wri ting  from  
ei ther IEC or IEC's member National  Committee in  the country of the requester.  I f you  have any questions about I EC 
copyright or have an  enquiry about obtaining  addi tional  rights to th is  publ ication,  please contact the  address below or 
your l ocal  I EC member National  Committee for further information.  
 

Droits  de  reproduction  réservés.  Sauf i nd ication  contraire,  aucune partie  de cette  publ ication  ne  peut être  reprodu ite n i  
u ti l isée sous quelque forme que ce soit et par aucun  procédé,  électron ique ou  mécanique,  y compris  la photocopie et 
l es  microfi lms,  sans l 'accord  écri t de l ' IEC ou  du  Comité national  de  l ' IEC du  pays  du  demandeur.  Si  vous  avez des 
questions  sur l e copyright de l ' IEC ou  si  vous  dési rez obten ir des droi ts  supplémentai res sur cette publ ication,  u ti l isez 
les coordonnées ci -après ou  contactez le  Comité national  de  l ' IEC de votre pays de résidence.  
 

IEC Central  Office Tel . :  +41  22  91 9  02  1 1  
3,  rue  de Varembé info@iec.ch  
CH-1 21 1  Geneva 20 www. iec.ch  
Swi tzerland  

 

About the IEC 
The I nternational  E lectrotechnical  Commission  (I EC) is  the  lead ing  global  organization  that prepares  and  publ ishes 
I nternational  Standards for al l  electrical ,  electron ic and  related  technolog ies.  
 

About IEC publ ications  
The technical  content of IEC publ ications is  kept under constant review by the IEC.  Please make sure that you  have the 
latest ed ition,  a  corrigendum  or an  amendment might have been  publ ished.  
 

IEC publications search - webstore.iec.ch/advsearchform 
The advanced search enables to find  IEC publ ications by a 
variety of criteria (reference number,  text,  technical  
committee,…).  I t also gives information on projects,  replaced 
and withdrawn publications.  
 

IEC Just Published - webstore.iec.ch/justpublished 
Stay up to date on al l  new IEC publ ications.  Just Publ ished 
detai ls al l  new publ ications released.  Available onl ine and  once 
a month by email.   
 
IEC Customer Service Centre - webstore.iec.ch/csc 
I f you wish to give us your feedback on  this publication or need 
further assistance,  please contact the Customer Service 
Centre:  sales@iec.ch.  
 

Electropedia - www.electropedia.org 
The world's leading onl ine dictionary on  electrotechnology,  
containing more than 22 000 terminological  entries in  Engl ish 
and  French,  with  equivalent terms in  1 6 additional  languages.  
Also known as the International  Electrotechnical  Vocabulary 
(IEV) onl ine.  
 

IEC Glossary - std.iec.ch/glossary 
67 000 electrotechnical  terminology entries in English and 
French extracted from the Terms and Definitions clause of IEC 
publ ications issued since 2002.  Some entries have been 
col lected from earl ier publ ications of IEC TC 37,  77,  86 and 
CISPR.  
 
 

 

A propos de l 'IEC 
La Commission  Electrotechnique I nternationale  (IEC) est la  première organisation  mond iale qu i  é labore et publ ie des 
Normes  internationales pour tout ce qui  a trai t à  l 'é lectrici té,  à l 'électron ique et aux technolog ies  apparentées.  
 

A propos des publications IEC  
Le contenu  technique des publ ications IEC est constamment revu.  Veu i l lez vous  assurer que vous  possédez l ’édi tion  la  
plus récente,  un  corrigendum  ou  amendement peut avoir été publ ié.  
 

Recherche de publications IEC - 
webstore.iec.ch/advsearchform 
La recherche avancée permet de trouver des publ ications IEC 
en  util isant différents critères (numéro de référence,  texte,  
comité d’études,…).  Elle donne aussi  des informations sur les 
projets et les publications remplacées ou  retirées.  
 

IEC Just Published - webstore.iec.ch/justpublished 
Restez informé sur les nouvel les publ ications IEC.  Just 
Publ ished détai l le les nouvelles publ ications parues.  
Disponible en l igne et une fois par mois par email .  
 
Service Clients - webstore.iec.ch/csc 
Si  vous désirez nous donner des commentaires sur cette 
publ ication ou  si  vous avez des questions contactez-nous:  
sales@iec.ch.  
Electropedia - www.electropedia.org 

Le premier dictionnaire d'électrotechnologie en l igne au monde,  
avec plus de 22 000 articles terminologiques en anglais et en 
français,  ainsi  que les termes équivalents dans 1 6 langues 
additionnel les.  Egalement appelé Vocabulaire 
Electrotechnique International  (IEV) en l igne.  
 

Glossaire IEC - std.iec.ch/glossary 
67 000 entrées terminologiques électrotechniques,  en  anglais 
et en  français,  extraites des articles Termes et Définitions des 
publications IEC parues depuis 2002.  Plus certaines entrées 
antérieures extraites des publications des CE 37,  77,  86 et 
CISPR de l 'IEC.  
 

 

Provided by IHS Markit under l icense with  IEC

Full document details: IEC 61315-2019

http://avadocuments2026.com/doc/iec-61315-2019
http://avadocuments2026.com/doc/iec-61315-2019


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC 61 31 5 
Edition  3.0 201 9-03 

INTERNATIONAL 
STANDARD 

NORME 
INTERNATIONALE 

Calibration of fibre-optic power meters  
 
Étalonnage de wattmètres pour dispositifs à fibres optiques 
 

INTERNATIONAL 

ELECTROTECHNICAL 

COMMISSION  

COMMISSION  

ELECTROTECHNIQUE 

INTERNATIONALE  
ICS 33.1 40;  33.1 80.1 0 

 

ISBN 978-2-8322-6640-3 
 

  
  

® Registered  trademark of the International  Electrotechnical  Commission 
 Marque déposée de la Commission  Electrotechnique Internationale 

® 
 

 Warning!  Make sure that you  obtained this publication from an  authorized distributor.  

 Attention!  Veuillez vous assurer que vous avez obtenu cette publication via un  distributeur agréé.  

 

colour
inside

Provided by IHS Markit under l icense with  IEC

Full document details: IEC 61315-2019

http://avadocuments2026.com/doc/iec-61315-2019
http://avadocuments2026.com/doc/iec-61315-2019


 – 2  – I EC 61 31 5: 201 9  © IEC 201 9  

 

CONTENTS 

FOREWORD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4  

INTRODUCTION  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6  

1  Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7  

2  Normative  references  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7  

3  Terms  and  defin i tions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7  

4  Preparation  for calibration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

4. 1  Organ ization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

4.2  Traceability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

4.3  Advice  for measurements  and  calibrations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

4.4  Recommendations  to  users  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

5  Absolu te  power calibration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

5. 1  Calibration  methods  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

5.2  Establ ish ing  the  calibration conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

5.3  Calibration  procedure  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

5.4  Calibration  uncertain ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

5.4. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

5.4. 2  Uncertain ty due  to  the  setup  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

5.4. 3  Uncertain ty of the  reference meter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  

5.4. 4  Correction factors  and  uncertain ty caused  by the  change of cond i tions  . . . . . . . . . . .  21  

5.4. 5  Uncertain ty due  to  the  spectral bandwidths  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

5.5  Reporting  the  resu l ts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  

6  Measurement uncertain ty of a  cal ibrated  power meter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

6. 1  Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

6.2  Uncertain ty at reference conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

6.3  Uncertain ty at operating conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

6.3. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

6.3. 2  Determ ination  of dependences  on  cond i tions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

6.3. 3  Ageing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

6.3. 4  Dependence  on  temperature  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

6.3. 5  Dependence  on  the  power level  (nonlinearity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

6.3. 6  Dependence  on  the  type  of fibre  or on  the  beam  geometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29  

6.3. 7  Dependence  on  the  connector-adapter combination  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30  

6.3. 8  Dependence  on  wavelength  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

6.3. 9  Dependence  on  spectral bandwidth  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32  

6.3. 1 0  Dependence  on  polarization  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32  

6.3. 1 1  Other dependences  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33  

7  Nonlinearity calibration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33  

7. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33  

7.2  Nonlinearity calibration  based  on  superposi tion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33  

7.2. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33  

7.2. 2  Procedure  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34  

7.2. 3  Uncertain ties. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35  

7.3  Nonlinearity calibration  based  on  comparison  wi th  a  cal ibrated  power meter . . . . . . . . . .  36  

7.3. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36  

7.3. 2  Procedure  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36  

Provided by IHS Markit under l icense with  IEC

Full document details: IEC 61315-2019

http://avadocuments2026.com/doc/iec-61315-2019
http://avadocuments2026.com/doc/iec-61315-2019


I EC 61 31 5:201 9  © I EC 201 9  – 3  –  

 

7 . 3. 3  Uncertain ties. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37  

7.4  Nonlinearity calibration  based  on  comparison  wi th  an  attenuator . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37  

7.5  Calibration  of power meter for h igh  power measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37  

Annex A (normative)   Mathematical  basis  for measurement uncertain ty calcu lations  . . . . . . . . . . . . . .  38  

A.1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38  

A.2  Type A evaluation  of uncertain ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38  

A.3  Type B  evaluation  of uncertain ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39  

A.4  Determ in ing  the  combined  standard  uncertain ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39  

A.5  Reporting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40  

Annex B  ( in formative)   Linear to  dB  scale  conversion  of uncertain ties  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41  

B. 1  Defin i tion  of decibel  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41  

B.2  Conversion  of relative  uncertain ties  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41  

Bibl iography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42  

 

F igure  1  – Typical  spectral  responsivi ty of photoelectric detectors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

Figure  2  – Example  of a  traceabi l i ty chain  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

Figure  3  – Measurement setup  for sequential ,  fibre-based  calibration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

Figure  4  – Change of cond i tions  and  uncertain ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

Figure  5  – Determ in ing  and  record ing  an  extension  uncertain ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

Figure  6  – Possible  subd ivis ion  of the  optical  reference plane  in to  1 0  ×  1 0  squares,  for 
the  measurement of the  spatial  response  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29  

Figure  7  – Wavelength  dependence  of response  due  to  Fabry-Perot type  in terference  . . . . . . . . . . .  32  

Figure  8  – Measurement setup  of polarization  dependent response  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32  

Figure  9  – Non l ineari ty calibration  based  on  superposi tion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34  

Figure  1 0  – Measurement setup  for non l ineari ty calibration  by comparison  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36  

 

Table  1  – Calibration  methods  and  correspondent typical  power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

Table  2  – Non l ineari ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35  

 

 

 

Provided by IHS Markit under l icense with  IEC

Full document details: IEC 61315-2019

http://avadocuments2026.com/doc/iec-61315-2019
http://avadocuments2026.com/doc/iec-61315-2019


 – 4  – I EC 61 31 5: 201 9  © IEC 201 9  

 

INTERNATIONAL ELECTROTECHNICAL COMMISSION  
____________ 

 
CALIBRATION  OF FIBRE-OPTIC POWER METERS 

 
FOREWORD 

1 )  The  I n ternational  E lectrotechn ical  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  national  e l ectrotechn ical  comm i ttees  ( I EC National  Commi ttees).  The  object  of I EC i s  to  promote  
i n ternational  co-operation  on  a l l  questions  concern ing  standard ization  i n  the  e l ectri cal  and  e l ectron ic fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cations,  
Techn ical  Reports,  Publ i cl y Avai l able  Speci fi cations  (PAS)  and  Gu ides  (hereafter referred  to  as  " I EC 
Publ i cation(s)" ).  Thei r preparation  i s  en trusted  to  techn ical  comm i ttees;  any I EC National  Comm i ttee  i n terested  
i n  the  subject  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osely 
wi th  the  I n ternational  Organ ization  for S tandard ization  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
agreement  between  the  two organ izations.  

2)  The  formal  decis ions  or agreements  of I EC on  techn ical  matters  express,  as  nearl y as  possib le,  an  i n ternational  
consensus  of opin ion  on  the  re levant  subjects  s i nce  each  techn ical  commi ttee  has  representation  from  a l l  
i n terested  I EC National  Commi ttees.  

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  conten t of I EC 
Publ i cations  i s  accurate,  I EC cannot  be  hel d  respons ible  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  user.  

4)  I n  order to  promote  i n ternational  un i form i ty,  I EC National  Commi ttees  undertake  to  apply I EC Publ i cations  
transparen tl y to  the  maximum  exten t poss ible  i n  thei r national  and  reg ional  publ i cations.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond ing  national  or reg ional  publ i cation  shal l  be  cl earl y i nd icated  i n  
the  l atter.  

5)  I EC i tsel f does  not  provide  any attestation  of conform i ty.  I ndependent certi fi cation  bod ies  provide  conform i ty 
assessment  services  and ,  i n  some areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  respons ible  for any 
services  carried  ou t  by i ndependent  certi fi cation  bod ies.  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cation .  

7)  No  l i abi l i ty shal l  attach  to  I EC or i ts  d i rectors ,  employees,  servants  or agen ts  i ncl ud ing  i nd ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC National  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud ing  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or rel i ance  upon ,  th i s  I EC Publ i cation  or any other I EC 
Publ i cations.  

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct  appl i cation  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  possibi l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  responsible  for i den ti fyi ng  any or a l l  such  patent  ri gh ts.  

I n ternational  Standard  I EC  61 31 5  has  been  prepared  by I EC techn ical  committee  86:  F ibre  
optics.  

Th is  th i rd  ed i tion  cancels  and  replaces  the  second  ed i tion  publ ished  in  2005.  I t  consti tu tes  a  
techn ical  revision .  

Th is  ed i tion  includes  the  fol lowing  s ign i ficant techn ical  changes  wi th  respect to  the  previous  
ed i tion :  

a)  update  of terms  and  defin i tions;  

b)  update  of 5. 1 ,  i nclud ing  Table  1  (new type  of source);  

c)  update  of Annex A;  

d )  add i tion  of Annex B  on  dB  conversion .  
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The  text of th is  I n ternational  Standard  i s  based  on  the  fol lowing  documents:  

CDV Report  on  voti ng  

86/533/CDV 86/540A/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  I n ternational  Standard  can  be  found  in  the  
report on  voting  ind icated  in  the  above  table.  

Th is  document has  been  drafted  in  accordance wi th  the  I SO/IEC Directives,  Part 2 .  

I n  th is  document,  the  fol lowing  prin t types  are  used :  

– terms defined in  the document: in  italic type.  

The committee  has  decided  that the  contents  of th is  document wi l l  remain  unchanged  unti l  the  
stabi l i ty date  i nd icated  on  the  I EC websi te  under "h ttp: //webstore. iec.ch"  in  the  data  related  to  
the  speci fic document.  At th is  date,  the  document wi l l  be  

•  reconfi rmed ,  

•  wi thdrawn,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

 

IMPORTANT – The  'colour inside'  logo on  the  cover page of th is  publ ication  ind icates  
that i t  contains  colours  wh ich  are  considered  to  be  usefu l  for the  correct understanding  
of i ts  contents.  Users  should  therefore print th is  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.  Th is  capabi l i ty depends  largely on  the  qual i ty of the  calibration  process.  
I n  contrast to  other types  of measuring  equ ipment,  the  measurement results  of fibre-optic 
power meters  usual ly depend  on  many cond i tions  of measurement.  The  cond i tions  of 
measurement during  the  calibration  process  are  cal led  calibration conditions.  Thei r precise  
description  i s  therefore  an  i n tegral  part of the  calibration .   

Th is  document defines  a l l  of the  steps  involved  in  the  calibration  process:  establ ish ing  the  
calibration conditions,  carrying  out the  calibration ,  calcu lating  the  uncertain ty,  and  reporting  the  
uncertain ty,  the  calibration conditions  and  the  traceability.  

The  absolu te  power calibration  describes  how to  determ ine  the  ratio  between  the  value  of the  
input power and  the  power meter's  resu l t.  Th is  ratio  i s  cal led  correction factor.  The  
measurement uncertain ty of the  correction factor i s  combined  fol lowing  Annex A from  
uncertain ty contributions  from  the  reference meter,  the  test meter,  the  setup  and  the  
procedure.  

The  calcu lations  go  through  detai led  characterizations  of ind ividual  uncertain ties.  I t  i s  important 
to  know that 

a)  some uncertain ties  are  type  B  estimations,  experience-based ,  

b)  a  detai led  uncertain ty analysis  i s  usual ly on ly done  once  for each  power meter type  under 
test,  and  al l  subsequent calibrations  are  usual ly based  on  th is  one-time analysis,  using  the  
appropriate  type  A measurement contributions  evaluated  at the  time of the  calibration ,  and  

c)  some of the  i nd ividual  uncertain ties  are  s imply considered  to  be  part of a  checkl ist,  wi th  an  
actual  value  wh ich  can  be  neg lected .  

Clause  5  defines  absolu te  power calibration ,  wh ich  is  mandatory for calibration  reports  
referring  to  th is  document.  

Clause  6  describes  the  evaluation  of the  measurement uncertain ty of a  cal ibrated  power meter 
operated  wi th in  reference conditions  or wi th in  operating conditions.  I t  depends  on  the  
calibration  uncertain ty of the  power meter as  calcu lated  in  5. 4,  the  cond i tions  and  i ts  
dependence on  the  cond i tions.  I t  i s  usual ly performed  by manufacturers  in  order to  establ ish  
speci fications  and  is  not mandatory for reports  referring  to  th is  document.  One  of these  
dependences,  the  nonlinearity,  i s  determ ined  in  a  separate  calibration  (Clause  7).  
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CALIBRATION  OF FIBRE-OPTIC POWER METERS 
 
 
 

1  Scope 

This  document i s  appl icable  to  instruments  measuring  radiant power em i tted  from  sources  that 
are  typical  for the  fibre-optic commun ications  industry.  These  sources  include  laser d iodes,  
l i ght em i tting  d iodes  (LEDs)  and  fibre-type  sources.  Both  d ivergent and  col l imated  rad iations  
are  covered .  Th is  document defines  the  calibration  of power meters  to  be  performed  by 
calibration  l aboratories  or by power meter manufacturers.   

2  Normative references  

The fol lowing  documents  are  referred  to  i n  the  text i n  such  a  way that some or al l  of thei r 
content consti tu tes  requ irements  of th is  document.  For dated  references,  on ly the  ed i tion  ci ted  
appl ies.  For undated  references,  the  latest ed i tion  of the  referenced  document ( includ ing  any 
amendments)  appl ies.  

I EC 60793-2,  Optical fibres – Part 2: Product specifications – General 

IEC TR 61 931 : 1 998,  Fibre optic – Terminology 

ISO/IEC Gu ide  98-3: 2008 ,  Uncertainty of measurement – Part 3: Guide to the expression of 
uncertainty in  measurement (GUM:1995)  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  g iven  in  I EC  TR 61 931  and  the  
fol lowing  apply.  

I SO and  I EC maintain  term inolog ical  databases  for use  in  standard ization  at the  fol lowing  
addresses:  

•  I EC Electroped ia:  avai lable  at h ttp: //www.electroped ia.org/ 

•  I SO  On l ine  browsing  platform :  avai lable  at h ttp: //www. iso. org/obp  

3.1   
accredi ted  cal ibration  laboratory 
calibration  l aboratory au thorized  by the  appropriate  national  organ ization  to  i ssue  calibration  
certi ficates  wi th  a  m in imum  speci fied  uncertain ty,  wh ich  demonstrate  traceability to  national 
standards  (3 . 1 4)  

3.2   
ad justment 
set of operations  carried  ou t on  an  i nstrument i n  order that i t  provides  g iven  ind ications  
correspond ing  to  g iven  values  of the  measurand   

Note  1  to  en try:  When  the  i nstrument  i s  made  to  g i ve  a  nu l l  i nd ication  correspond ing  to  a  nu l l  val ue  of the  
measurand ,  the  set  of operations  i s  ca l l ed  zero  ad justment.   

Note  2  to  en try:  For more  i n formation ,  see  I SO/I EC Gu ide  99: 2007,  3 . 1 1 .  

[SOURCE:  I EC 60050-31 1 : 2001 ,  31 1 -03-1 6,  mod i fied  – The  words  "of a  measuring  instrument"  
have  been  deleted  from  the  term ,  and  Note  2  to  en try has  been  added . ]   
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3.3   
cal ibration  
set of operations  that establ ish ,  under speci fied  cond i tions,  the  relationsh ip  between  the  values  
of quanti ties  i nd icated  by a  measuring  i nstrument and  the  correspond ing  values  real ized  by 
measurement standards   

Note  1  to  en try:  The  resu l t  of a  calibration  perm i ts  e i ther the  assignment  of va l ues  of measurands  to  the  
i nd ications  or the  determ ination  of corrections  wi th  respect  to  i nd ications.  

Note  2  to  en try:  A calibration  may a l so  determ ine  other metrolog ical  properties  such  as  the  effect  of i n fl uence  
quan ti ti es .  

Note  3  to  en try:  The  resu l t  of a  calibration  may be  recorded  i n  a  document,  sometimes  cal l ed  a  calibration  
certi fi cate  or a  calibration  report.   

Note  4  to  en try:  See  a l so  I SO/IEC Gu ide  99: 2007,  2 . 39.  

3.4   
cal ibration  condi tions  
cond i tions  of measurement i n  wh ich  the  calibration  i s  performed  

3.5  
centroidal  wavelength  
λc  
power-weighted  mean  wavelength  of a  l ight source  in  vacuum  

Note  1  to  en try:  For a  conti nuous  spectrum ,  the  centroidal wavelength  i s  defi ned  as :  

 
( )

c
total

p λ λdλ
λ

P
= ∫  (1 )  

For a  spectrum  consisti ng  of d i screte  l i nes,  the  centroidal wavelength  i s  defi ned  as:  

 

i i

c
i

i

i

Pλ

λ
P

=
∑

∑
 (2)  

where  

p(λ)  i s  the  power spectral  densi ty of the  source,  for example,  i n  W/nm ;  

λ i  i s  the  vacuum  wavelength  of the  ith  d i screte  l i ne;  

Pi  i s  the  power of the  ith  d i screte  l i ne,  for example,  i n  W;  

Ptotal  i s  the  tota l  power,  for example,  i n  W.  

Note  2  to  en try:  The  above  i n tegral s  and  summations  theoreti cal l y extend  over the  en ti re  spectrum  of the  l i gh t  
source.  However,  i t  i s  usual l y su ffi cien t  to  perform  the  i n tegral  or summation  over the  spectrum  where  the  spectral  
densi ty p(λ )  or power P i  i s  h i gher than  0 , 1  %  of the  maximum  spectral  dens i ty p(λ)  or power P i .  

3.6   
correction  factor 
CF 
numerical  factor by wh ich  the  uncorrected  resu l t  of a  measurement i s  mu l tipl ied  to  compensate  
for systematic error 

Note  1  to  en try:  Th i s  note  appl i es  to  the  French  l anguage  on ly.  
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3.7   
detector 
element of the  power meter that transduces  the  rad iant optical  power in to  a  measurable,  
usual ly electrical ,  quanti ty 

Note  1  to  en try:  I n  th i s  document,  the  detector i s  assumed  to  be  connected  wi th  the  optical input port  by an  opti cal  
path .   

Note  2  to  en try:  For more  i n formation ,  see  I SO/IEC Gu ide  99: 2007,  3 . 9 .  

3.8   
deviation  
D 

relative  d i fference between  the  power measured  by the  test meter (3 . 32)  PDUT  and  the  
reference power Pref:  

 DUT ref

ref

P P
D

P

−
=  (3)  

Note  1  to  en try:  Th i s  note  appl i es  to  the  French  l anguage  on ly.  

3.9   
exci tation  
<fibre>  description  of the  d istribution  of optical  power between  the  modes  in  the  fibre   

Note  1  to  en try:  I n  context wi th  mu l timode  fi bres,  the  fi bre  excitation  i s  described  by 

a)  the  spot diameter (3 . 31 )  on  the  surface  of the  fi bre  end ,  and  

b)  the  numerical aperture  (3 . 1 7)  of the  rad iation  em i tted  from  the  fi bre.  

S i ng le-mode  fi bres  are  general l y assumed  to  be  exci ted  by on ly one  mode  (the  fundamental  mode).  

3.1 0   
instrument state  
set of parameters  that can  be  chosen  on  an  instrument 

Note  1  to  en try:  Typical  parameters  of the  instrument state  are  the  opti cal  power range,  the  wavelength  setti ng ,  
the  d i splay measurement un i t  and  the  ou tpu t  from  wh ich  the  measurement result  i s  obtained  (for example,  d i splay,  
i n terface  bus,  analogue  ou tput).  

3.1 1   
i rradiance 
quotient of the  incremental  radiant power ∂P  i ncident on  an  element of the  reference plane  by 
the  i ncremental  area  ∂A  of that e lement:  

 ( )2 W/m
P

E
A

∂
=

∂
 (4)  

[Note  1  to  en try:  For more  i n formation ,  see  I EC TR 61 931 : 1 998,  2 . 1 . 1 5.  

3.1 2   
measurement resu l t  
y  
(d isplayed  or electrical )  ou tput of a  power meter (or standard),  after completing  a l l  actions  
suggested  by the  operating  i nstructions,  for example  warm-up,  zero  ad justment and  
wavelength-correction  

Note  1  to  en try:  Measurement result  i s  expressed  i n  watts  (W).  For the  purposes  of uncertain ty,  measurement 
results  i n  other un i ts ,  for example  vol ts ,  shou ld  be  converted  to  watts .  Measurement results  i n  decibel s  (dB)  shou ld  
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also  be  converted  to  watts ,  because  the  en ti re  uncertain ty accumu lation  i s  based  on  measurement  resu l ts  
expressed  i n  watts .  See  Annex B .  

3.1 3   
measuring  range 
set of values  of measurands  for wh ich  the  error of a  measuring  i nstrument i s  i n tended  to  l ie  
wi th in  speci fied  l im i ts   

Note  1  to  en try:  I n  th i s  document,  the  measuring range  i s  the  range  of radiant power (part  of the  operating range) ,  
for wh ich  the  uncertain ty at  operating conditions  i s  speci fi ed .  The  term  "dynam ic range"  shou ld  be  avoided  i n  th i s  
context.   

Note  2  to  en try:  For more  i n formation ,  see  I SO/I EC Gu ide  99: 2007,  4 . 7.  

3.1 4  
national  measurement standard  
national  standard  
standard  recogn ized  by a  national  decis ion  to  serve  in  a  country as  the  basis  for assign ing  
values  to  other standards  of the  quanti ty concerned   

Note  1  to  en try:  For more  i n formation ,  see  I SO/I EC Gu ide  99: 2007,  5. 3.  

3.1 5  
national  standards  laboratory 
laboratory wh ich  maintains  the  national standard (3 . 1 4)  

3.1 6   
non l ineari ty 
NL 

relative  d i fference between  the  response  (3 . 28)  at a  g iven  power P  and  the  response  at  a  
reference power P0 :  

 
( )
( )0

0

1P/P
r P

nl
r P

= −  (5)  

I f expressed  in  decibels,  the  nonlinearity i s :  

 
( )
( )0 10

0

10P/P log  (dB)
r P

NL
r P

= ×  (6)  

Note  1  to  en try:  The  nonlinearity i s  equal  to  zero  at  the  reference  power.  

Note  2  to  en try:  The  term  " l ocal  nonlinearity"  i s  used  for the  re lati ve  d i fference  between  the  responses  a t  two  
d i fferent  power l evel s  (separated  by 3 , 01  dB)  obtained  du ri ng  the  nonlinearity calibration .  The  term  "g lobal  
nonlinearity"  i s  used  for the  resu l t  of summ ing  the  l ocal  non l i neari ti es  ( i n  dB);  i t  i s  i denti cal  to  the  nonlinearity 
defi ned  here.  

3.1 7   
numerical  aperture 
description  of the  beam  d ivergence of an  optical  source   

Note  1  to  en try:  I n  th i s  document,  the  numerical aperture  i s  the  s i ne  of the  ( l i near)  ha l f-ang le  at  wh ich  the  
irradiance  i s  5  %  of the  maximum  irradiance .  

Note  2  to  en try:  Adapted  from  the  defi n i ti on  of the  numerical aperture  of mu l timode  g raded-i ndex fi bres  i n  
I EC 60793-1 -43: 201 5,  Clause  3;  i n  th i s  document,  the  defi n i ti on  i s  used  to  describe  the  d i vergence  of a l l  d i vergent 
beams.  
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3.1 8   
operating  condi tions  
appropriate  set of speci fied  ranges  of values  of i n fluence quanti ties  usual ly wider than  the  
reference conditions  for wh ich  the  uncertain ties  of a  measuring  i nstrument are  speci fied   

Note  1  to  en try:  The  operating conditions  and  uncertain ty at  operating conditions  are  usual l y speci fi ed  by the  
manufacturer for the  conven ience  of the  user.  

3.1 9   
operating  range 
speci fied  range  of values  of one  of a  set of operating conditions  (3 . 1 8)  

3.20   
optical  input port 
physical  input of the  power meter (or standard)  to  wh ich  the  radiant power i s  to  be  appl ied  or to  
wh ich  the  optical  fibre  end  is  to  be  connected   

Note  1  to  en try:  An  opti cal  path  (path  of rays  wi th  or wi thou t opti cal  e l ements,  such  as  l enses,  d i aphragms,  l i gh t  
gu ides,  etc. )  i s  assumed  to  connect the  optical input port  wi th  the  power meter's  detector.  

3.21   
optical  reference plane 
plane  on  or near the  optical input port (3 . 20)  wh ich  i s  used  to  define  the  beam 's  spot diameter 
(3 . 31 )  

Note  1  to  en try:  The  optical reference plane  i s  usual l y assumed  to  be  perpend icu lar to  the  beam  propagation ,  and  
i t  shou ld  be  described  by appropriate  mechan ical  d imensions  relati ve  to  the  power meter's  optical input port.  

3.22   
polarization  dependent response 
PDR 
variation  in  response  of a  power meter wi th  respect to  al l  possible  polarization  states  of the  
input l igh t:  

 1010 max

min
log  (dB)

r
PDR

r

 
= ×  

 
 (7)  

where  

rmax and  rmin  are  the  maximum  and  m in imum  response  (3 . 28)  taken  over al l  polarization  
states  

Note  1  to  en try:  Polarization dependent response  i s  expressed  i n  decibel s .  

Note  2  to  en try:  Th i s  note  appl i es  to  the  French  l anguage  on ly.  

3.23   
fibre-optic  power meter  
instrument capable  of measuring  radiant power from  fibre-coupled  sources  such  as  lasers  and  
LEDs,  wh ich  are  typical  for the  fibre-optic communications  industry  

Note  1  to  en try:  The  rad iation  may be  d i vergent  or col l imated .  The  rad iation  i s  assumed  to  be  i nciden t on  the  
optical reference plane  wi th i n  the  speci fied  cond i ti ons.  

Note  2  to  en try:  A power meter may consist  of e i ther a  s i ng le  i nstrument or a  main  i nstrument  and  a  separate  
sensing  head .  I n  the  case  of a  separate  sensing  head ,  the  head  may be  cal i brated  wi thout  the  main  i nstrument.  
However,  i f any analogue  e lectron ics  are  used  i n  the  main  i nstrument,  the  sensing  head  shal l  be  cal i brated  together 
wi th  the  main  i nstrument.  

Note  3  to  en try:  A fibre-optic power meter i s  u sual l y capable  of measuring  the  t ime-average  of modu lated  opti cal  
power.  An  i ncreased  uncertain ty may be  observed ,  wh ich  depends  on  the  du ty cycle  and  the  peak power of 
modu lated  opti cal  power.  
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3.24  
rad iant power 
P  
power em i tted ,  transferred ,  or received  in  the  form  of optical  rad iation  [1 ] 1  

Note  1  to  en try:  Radiant power i s  expressed  i n  watts .  

3.25  
reference conditions  
cond i tions  of use  prescribed  for testing  the  performance  of a  measuring  i nstrument or for 
in tercomparison  of resu l ts  of measurements   

Note  1  to  en try:  The  reference conditions  general l y i ncl ude  reference  values  or reference  ranges  for the  i n fl uence  
quan ti ti es  affecti ng  the  measuring  i nstrument.  

3.26  
reference meter 
standard  wh ich  i s  used  as  the  reference for the  calibration  (3 . 3)  of a  test meter (3 . 32)  

3.27   
reference standard  
standard ,  general ly having  the  h ighest metrolog ical  qual i ty avai lable  at a  g iven  location  or in  a  
g iven  organ ization ,  from  wh ich  measurements  made therein  are  derived   

Note  1  to  en try:  For more  i n formation ,  see  I SO/I EC Gu ide  99: 2007,  5. 6.  

3.28   
response 
r  
measurement result of a  power meter,  y,  d ivided  by the  radiant power on  the  power meter's  
optical reference plane ,  P,  at a  g iven  cond i tion  of measurement:   

  (W/W,  d imensionless)
y

r
P

=  (8)  

Note  1  to  en try:  An  i deal  power meter exh ibi ts  a  response  of 1  for a l l  operating conditions.   

3.29   
spectral  responsivi ty 
responsivi ty 
R 

quotient of the  detector ou tput current I by the  incident monochromatic optical  power P:  

  (A/W)
I

R
P

=  (9)  

Note  1  to  en try:  The  responsivity depends  on  the  cond i ti ons  (wavelength ,  temperature,  etc. ).  See  F igure  1 .  

Note  2  to  en try:  Th i s  note  appl i es  to  the  French  l anguage  on ly.  

___________ 

1  Numbers  i n  square  brackets  refer to  the  B ibl i ography.  
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Key 

Si   s i l i con  

Ge  german ium  

I nGaAs  i nd ium  gal l i um  arsen ide  

Figure 1  – Typical  spectral responsivity of photoelectric detectors  

3 .30   
spectral  bandwidth  
B  
fu l l -wid th  at hal f-maximum  (FWHM)  of the  source  spectrum  

Note  1  to  en try:  I f the  source  i s  a  l aser d iode  wi th  a  mu l ti p l e-l ong i tud inal  mode  spectrum ,  then  the  FWHM  spectral 
bandwidth  B  i s  the  RMS  spectral bandwidth ,  mu l ti p l i ed  by 2 , 35  (assum ing  the  source  has  a  Gaussian  envelope):  

 ( )2 i c
total

1
2,35 i

i

B P λ λ
P

= −∑  ( 1 0)  

 total i
i

P P=∑   ( 1 1 )  

where  

λc i s  the  centroidal wavelength  (3 . 5)  of the  l aser d iode,  i n  nm ;  

Ptota l   i s  the  tota l  power,  i n  W;  

Pi  i s  the  power of ith  l ong i tud inal  mode,  i n  W;  

λ i  i s  the  vacuum  wavelength  of ith  l ong i tud inal  mode,  i n  nm .   

Note  2  to  en try:  I f the  source  em i ts  at  one  wavelength  on ly (s i ng le-l i ne  spectrum),  i t  may be  su ffi cien t  to  speci fy 
an  upper l im i t,  for example  spectral bandwidth  <  1  nm .  

Note  3  to  en try:  I t  i s  usual l y su ffi cien t  to  perform  the  i n tegral  or summation  over the  spectrum  where  the  power i s  
h i gher than  0 , 1  %  of the  maximum  power.  

Note  4  to  en try:  Th i s  note  appl i es  to  the  French  l anguage  on ly.  

3.31   
spot d iameter 
d iameter of the  i rrad iated  area  on  the  optical reference plane ,  defined  by the  (best-
approximation)  ci rcle  at wh ich  the  irradiance  (3 . 1 1 )  has  d ropped  to  5  %  of the  peak irradiance  

Note  1  to  en try:  The  ratio  of 5  %  was  adopted  for reasons  of compatibi l i ty wi th  the  defi n i ti on  of the  numerical 
aperture .  Other rati os  are  often  used  to  describe  l aser beams,  for example  1 /e2  or 1 /e.  I n  that  case,  the  rati o  shal l  
be  s tated  wi th  the  spot diameter va l ue.  
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3.32   
test meter 
fibre-optic power meter (3 . 23)  (or standard)  to  be  cal ibrated  by comparison  wi th  the  reference 
meter (3 . 26)  

3.33   
traceabi l i ty 
property of the  resu l t  of a  measurement or the  value  of a  standard  whereby i t  can  be  related  to  
stated  references,  usual ly national  or i n ternational  standards,  through  an  unbroken  chain  of 
comparisons  al l  having  stated  uncertain ties   

Note  1  to  en try:  For more  i n formation ,  see  I SO/I EC Gu ide  99: 2007,  2 . 41 .  

3.34  
traceabi l i ty chain  
unbroken  chain  of comparison  (see  F igure  2)  

Note  1  to  en try:  For more  i n formation ,  see  I SO/I EC Gu ide  99: 2007,  2 . 42 .  

 

Figure 2  – Example of a  traceability chain  

3 .35  
working  standard  
standard  that i s  used  routinely to  cal ibrate  or check measuring  instruments   

Note  1  to  en try:  A working standard  i s  u sual l y cal i brated  against  a  reference standard  (3 . 27).   

Note  2  to  en try:  For more  i n formation ,  see  I SO/I EC Gu ide  99: 2007,  5. 7.  

3.36  
zero  error 
measurement result of a  power meter wi thout irradiation  of the  optical input port  

Note  1  to  en try:  For more  i n formation ,  see  I SO/I EC Gu ide  99: 2007,  4 . 28.  
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4 Preparation  for calibration  

4.1  Organization  

The calibration  l aboratory shou ld  ensure  that su i table  requ i rements  for calibration  are  fol lowed .  

NOTE  Gu idance  about  good  practi ces  for calibration  can  be  found  i n  I SO/I EC 1 7025  [1 8] .  

There  shou ld  be  a  documented  measurement procedure  for each  type  of calibration  performed,  
g iving  step-by-step  operating  instructions  and  equ ipment to  be  used .  

4.2  Traceability 

The calibration  l aboratory shou ld  ensure  that su i table  requ i rements  are  fol lowed .  

NOTE  Gu idance  about  good  practi ces  for calibration  can  be  found  i n  I SO/I EC 1 7025  [1 8] .  

Al l  standards  used  in  the  calibration  process  shal l  be  cal ibrated  accord ing  to  a  documented  
program  wi th  traceability to  national standards laboratories  or to  accredited calibration 
laboratories.  I t  i s  advisable  to  main tain  more  than  one  standard  on  each  h ierarch ical  l evel ,  so  
that the  performance  of the  standard  can  be  veri fied  by comparisons  on  the  same level .  Make 
sure  that any other test equ ipment wh ich  has  a  s ign i ficant in fluence on  the  calibration  resu l ts  i s  
cal ibrated .  Upon  request,  speci fy th is  test equ ipment and  i ts  traceability chain(s).  The  
re-calibration  period(s)  shal l  be  defined  and  documented .  

4.3  Advice for measurements  and  calibrations  

4.3  g ives  general  advice  for a l l  measurements  and  calibrations  of optical  and  fibre-optic power 
meters.   

The  calibration  shou ld  be  made in  a  temperature-control led  room  i f non-temperature-control led  
detectors  are  used .  The  recommended  temperature  i s  23  °C.  Hum id i ty control  may be  
necessary i f hum id i ty-sensi tive  optical  detectors  are  used ,  or i f there  is  the  possibi l i ty of 
condensation  on  the  components.  A change  of the  laboratory's  hum id i ty may change the  
absorption  of a i r and  thereby change  the  power.  Th is  effect i s  relatively strong  between  
1  360  nm  and  1  41 0  nm ,  especial ly when  a  sequential -type,  open-beam  calibration  i s  used  and  
the  hum id i ty changes  between  the  steps.  I n  paral lel -type  calibrations  wi th  open-beam  paths  of 
approximately the  same lengths,  the  measurement results  of both  the  reference meter and  the  
test meter wi l l  change at approximately the  same time,  wi th  neg l ig ible  effect on  the  calibration  
resu l t.  

The  laboratory shou ld  be  kept clean .  Connectors  and  optical input ports  shou ld  always  be  
cleaned  before  measurement.  The  qual i ty and  cleanness  of the  connector i n  front of the  
detector shou ld  be  checked .  Al l  fibres  shou ld  be  moved  as  l i ttle  as  possible  during  the  
measurements;  they can  be  fixed  to  the  workbench  i f necessary.  Sensors  shou ld  be  moved  to  
the  fibre  rather than  the  fibre  to  the  sensor.  

The  optical  source  that i s  used  for the  excitation  of the  power meter shou ld  be  characterized  
for centroidal wavelength  and  spectral bandwidth .  The  spectral bandwidth  shou ld  be  narrow 
enough  to  avoid  averag ing  over a  wide  range  of wavelengths.  Means  to  ensure  the  stabi l i ty of 
the  source,  for example  wi th  the  help  of independent power mon i toring ,  may be  advisable.  

Laser d iodes  are  sensi tive  to  back reflections.  To  improve the  stabi l i ty,  i t  i s  advisable  to  use  an  
optical  attenuator or an  optical  i solator between  the  laser d iode  and  the  test meter.  Because  of 
their narrow spectral bandwidths,  the  combination  of l aser d iode  and  mu l timode fibre  i s  a lso  
capable  of producing  speckle  patterns  on  the  optical reference plane ,  resu l ting  i n  an  i ncreased  
measurement uncertain ty.  
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F ibre  connectors  and  connector adapters  are  l i kely to  produce errors  i n  the  measurement 
result [2 ]  because  of mu l tiple  reflections  between  the  optical input port (or detector)  and  the  
connector-adapter combination  (as  part of the  source).  Therefore,  connectors  and  adapters  
wi th  low reflectivi ty are  recommended  for the  calibration .  Otherwise,  a  correction factor and  an  
increased  uncertain ty may have  to  be  taken  in to  account.  

I t  i s  advisable  to  use  reference meters  wi th  detector d iameters  of ≥  3  mm ,  because  they can  
easi ly be  i rrad iated  wi th  an  open  beam ,  and  they are  less  susceptible  to  contam ination  (d i rt  and  
dust).  The  reference meter's  surface  reflections  shou ld  be  as  smal l  as  possible.  I f the  source  
em i ts  a  d ivergent beam ,  then  a  reference meter wi th  an  i n tegrating  sphere  may be  advisable.  I t  
i s  a lso  acceptable  to  use  meters  wi th  "flat"  detectors  and  mathematical  correction ,  based  on  
mu l tiplying  the  em i tted  far-field  d istribution  wi th  the  measured  ang le-dependence of the  
detector of the  reference meter,  and  in tegrating  over the  range  of far-field  ang les.  

Temperature  control  of the  detectors  shou ld  be  considered  for h igh ly accurate  calibrations,  
because  detectors  exh ibi t strong  temperature  dependence over some wavelength  ranges.  

4.4 Recommendations  to  users  

I t  i s  recommended  that the  user of the  power meter main tain  at least one  reference  power 
meter,  wh ich  al lows  comparison  of the  meters  for confidence.  These  comparisons  are  
particu larly important before  and  after the  meter i s  sent to  recal ibration ,  because  they wi l l  a l low 
the  user to  determ ine  whether or not thei r scale  has  changed  – for example  due  to  transport – 
after the  meter returns.  Scale  changes  due  to  adjustment (3 . 2)  (see  I EC 60050-31 1 : 2001 ,  31 1 -
03-1 6  and  ISO/IEC Gu ide  99:2007,  4 . 30)  wi l l  be  reported  on  the  calibration  certi ficate.  

A regu lar comparison  of the  correction factors  (3 . 6) ,  or of the  deviations  (3 . 8) ,  wi l l  a l low the  
user to  screen  out excessive  ageing ,  and  possibly to  ad just the  recal ibration  i n tervals.  

5 Absolute power calibration  

5.1  Calibration  methods  

The calibration  of a  power meter i s  usual ly ach ieved  by exposing  both  the  meter under test and  
a  cal ibrated  power meter wi th  known  uncertain ty (the  reference meter)  to  an  optical  rad iation ,  
and  by transferring  the  reference meter's  (3. 26)  measurement result to  the  test meter (3 . 32).   

The  al lowable  spectral bandwidth  (3 . 30)  depends  on  the  test meter's  spectral responsivity 
(3 . 29);  the  stronger i ts  wavelength  dependence,  the  narrower the  spectral bandwidth .  Usual  
bandwid ths  are  ≤  1 0  nm ,  wh ich  excludes  the  possibi l i ty of cal ibrating  wi th  wider-bandwidth  
LEDs.  Therefore,  one  of the  fol lowing  is  used  in  fibre-optic power meter calibrations:  
combinations  of "wh i te- l ight"  sources  and  narrow-bandwidth  fi l ters  (for example  
monochromators),  l aser d iodes,  or combinations  of supercontinuum  lasers  wi th  tuneable  
bandpass  fi l ters.  

Depend ing  on  the  type  of source  and  the  exci ting  beam  geometry,  s ix most frequent calibration  
methods  can  be  d istingu ished ,  as  depicted  in  Table  1 :  

Table  1  – Calibration  methods  and  correspondent typical  power 

Radiation  source Open-beam  calibration  F ibre  beam  calibration  

"Wh i te-l i gh t"  wi th  fi l ter P  ≈  1 0  µW  P  ≈  1 0  nW  to  0 , 3  µW  (MMF)  

P  ≈  2  nW  (SMF)  

Laser d iode  P  ≈  1 0  µW  to  a  few mW P  ≈  1 0  µW  to  a  few mW (SMF  and  
MMF)  

Superconti nuum  l aser wi th  fi l ter P  ≈  1  µW  to  a  few mW  P  ≈  1  µW  to  700  µW  (SMF  and  
MMF)  
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Radiation  source Open-beam  calibration  F ibre  beam  calibration  

Key 

MMF:  mu l timode  fi bre  (usual l y g raded-i ndex fi bre)  

SMF:  s i ng le-mode  fi bre  

For fibre-optic power meters,  fibre  beam  calibration  i s  recommended .  For open-beam  
calibration ,  a  correction  of the  calibration  resu l ts  us ing  a  series  of fibre  beam  laser calibration  
resu l ts  at a  few wavelengths  shou ld  be  performed .  

One  can  d istingu ish  between  the  sequential  and  the  paral lel  measurement method .  When  the  
reference meter and  test meter are  sequential ly exposed  to  the  source,  then  the  rad iated  power 
shou ld  be  kept as  constant as  possible,  for example  by appropriate  stabi l ization .  For the  
paral lel -type  calibration ,  a  beam  spl i tter or a  branch ing  device  is  used  to  generate  two beams  
that exci te  both  the  reference meter and  the  test meter s imu l taneously.  I n  th is  case,  the  beam  
spl i tter or branch ing  device  ratio  shal l  be  determ ined  as  accurately as  possible,  and  i ts  stabi l i ty 
shal l  be  investigated .  

As  an  example,  a  measurement setup  for sequential ,  fibre-based  calibration  i s  i l l ustrated  in  
F igure  3.  A l aunch ing  device,  for removal  of the  cladd ing  modes  and  creation  of an  appropriate  
modal  excitation ,  i s  i ncluded  in  the  setup.  

 

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

5.2  Establ ish ing  the calibration conditions  

The calibration conditions  (3 . 4)  are  the  measurement cond i tions  during  the  calibration  process.  
Establ ish ing  and  maintain ing  the  calibration conditions  i s  an  important part of the  calibration  
(3 . 3) ,  because  any change of these  cond i tions  i s  capable  of producing  erroneous  measurement 
results.  The  calibration conditions  shou ld  be  a  close  approximation  to  the  i n tended  operating 
conditions  (3 . 1 8).  Th is  ensures  that the  (add i tional )  uncertain ty in  the  operating  envi ronment i s  
as  low as  possible.  The  calibration conditions  shou ld  be  speci fied  i n  the  form  of nom inal  values  
wi th  uncertain ties  when  appl icable.  I n  order to  meet the  requ i rements  of th is  document,  the  
calibration conditions  shal l ,  at a  m in imum,  consist of the  fol lowing :  

a)  the  date  of calibration ;  

b)  the  ambient temperature  wi th  uncertain ty,  for example  23  °C  ±  1  °C;  

c)  the  ambient relative  hum id i ty,  i f i t  has  an  in fluence;  otherwise  a  relative  hum id i ty below the  
condensation  poin t i s  assumed;  

d )  the  nom inal  radiant power on  the  optical reference plane  (3 . 21 );  

e)  the  beam  geometry:  

1 )  an  open  (for example  col l imated)  beam,  described  by the  spot diameter (3 . 31 )  on  the  
optical reference plane ,  the  beam 's  numerical aperture  (3 . 1 7)  and  the  irradiance  (3 . 1 1 )  
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d istribution  i n  the  beam ;  typical  irradiance  d i stributions  are:  un i form ,  Gaussian  or even  
i rregu lar (speckled);  

2)  the  type  of fibre  and ,  i f appl icable,  i ts  degree  of excitation  ( for example  wi th in  encircled  
flux templates  defined  in  I EC 61 280-4-1  when  using  an  A1 a  or A1 b  mu l timode fibre) ;  

f)  the  connector-adapter combination :  the  connector type,  pol ish ing  and  adapter as  part of the  
exci ting  source  ( i f appl icable);  

g )  the  centroidal wavelength  (3 . 5)  of the  exci ting  source;  

h )  the  spectral bandwidth  (3 . 30)  of the  exci ting  source;  

i )  the  state  of polarization :  "unpolarized  l igh t"  or "polarized  l ight,  undefin i te  state".  I f the  latter 
i s  chosen ,  the  uncertain ty due  to  polarization dependent response  (3 . 22)  shal l  be  taken  in to  
account in  5. 4. 3  and  5. 4. 5.   

The  above cond i tions  may not be  exhaustive.  There  m ight be  other parameters  that have  a  
s ign i ficant in fluence on  the  calibration  uncertain ty and  therefore  shal l  be  reported ,  too.  

I n  the  calibration  wi th  an  open-beam ,  the  power meter's  optical reference plane  (3 . 21 )  shou ld  
be  central ly i rrad iated  wi th  a  beam  d iameter smal ler than  the  active  area  of the  optical 
reference plane .  

I n  the  calibration  wi th  a  fibre,  a  s ing le-mode fibre  or a  mu l timode  fibre  may be  used .  A s ing le-
mode  fibre  can  be  advantageous  because  of i ts  reproducible  beam  characteristics,  bu t may not 
be  avai lable  for a l l  wavelengths.  I f a  mu l timode fibre  i s  used ,  then  excitation  between  85  %  and  
95  %  (sl ightly underfi l led  cond i tion)  i s  preferred  because  th is  excitation  can  be  more  easi ly 
reproduced  (enci rcled  flux templates  defined  in  I EC 61 280-4-1  are  a  good  example  of th is  
cond i tion).  A l aunch ing  device  may be  necessary to  create  the  appropriate  excitation .  Note  that 
mu l timode fibres  wi l l  em i t i rregu lar beam  patterns  (speckle  patterns)  when  d riven  by a  l aser 
d iode;  th is  wi l l  resu l t  i n  an  increased  calibration  uncertain ty.   

A connector-adapter combination  shou ld  on ly be  reported  i f the  power meter i s  cal ibrated  wi th  
a  fibre,  and  not wi th  an  open  beam.  I t  i s  recommended  to  use  a  combination  of connector and  
adapter wi th  su fficiently l ow reflections  back to  the  power meter.  

5.3  Calibration  procedure 

(1 )  Establ ish  and  record  the  appropriate  calibration conditions  (5. 2).  Swi tch  on  al l  
i nstrumentation  and  al low enough  time  for i t  to  stabi l ize.  

(2)  Set up  the  instrument state  (3 . 1 0)  of the  reference meter and  test meter accord ing  to  the  
i nstruction  manual .  Set the  wavelength  on  al l  i nstruments  for the  source  wavelength .  Select 
appropriate  power ranges.  Record  the  instrument states  of both  meters.  Ad just the  zero  of 
both  meters  i f appl icable.  

(3)  Measure  the  optical  power wi th  the  reference meter Pstd , 1 .  Mu l tiply the  measurement result 
by the  correction factor of the  reference meter CFstd  reported  in  i ts  calibration  certi ficate  i f 
i t  has  not been  ad justed .  Mu l tip ly by the  correction factor CFchange  calcu lated  in  5. 4. 4  i f 
necessary.  Record  the  measurement result,  Pref, 1  =  Pstd , 1  ×  CFstd  ×  CFchange .   

(4)  Measure  the  optical  power wi th  the  test meter.  Apply necessary corrections  as  suggested  
by the  operating  i nstructions.  Record  the  measurement result,  PDUT, 1 .  

(5)  Calcu late  the  fi rst of a  series  of correction factors:  

 ref,1
comparison,1

DUT,1

P
CF

P
=  ( 1 2)  
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(6)  Repeat steps  (3)  through  (5)  several  times,  wi th  the  resu l t of obtain ing  several  correction 
factors,  CFcompari son , 1  to  CFcompari son , n .  

(7)  Calcu late  and  record  the  average  correction factor,  CFDUT  from  the  ind ividual  correction 
factors:  

 DUT comparison, i
1

1 n

i

CF CF
n

=

= ×∑  (1 3)  

I f desi red ,  the  deviation  D  can  be  calcu lated  from  the  correction factor:  

 
DUT

1
1D

CF
= −  (1 4)  

I n  later use  of the  test meter,  the  measurement results  shal l  be  mu l tipl ied  wi th  CFDUT.  
Al ternatively,  an  adjustment (3 . 2)  of the  test meter can  be  made so  that the  correction factor i s  
changed  to  1 .  I n  th is  case,  the  comparison  shou ld  be  repeated  for veri fication .   

5.4 Calibration  uncertainty 

5.4. 1  General  

The calibration  uncertain ty is  the  measurement uncertain ty of the  correction factor CFDUT.  
Calcu late  the  combined  standard  uncertain ty from :  

 ( ) 2 2 2
DUT setup ref DUTu CF u u u= + +  (1 5)  

where  

usetup  i s  the  uncertain ty due  to  the  setup  (5. 4. 2);  

uref   i s  the  uncertain ty of the  reference meter (5. 4. 3);  

uDUT  i s  the  uncertain ty due  to  the  test meter (5. 4.5).  

Equation  (1 5)  i s  val id  on ly i f the  input quanti ties  are  i ndependent or uncorrelated .  I f some inpu t 
quanti ties  are  s ign i ficantly correlated ,  take  the  correlation  i n to  account.  See  
ISO/IEC Gu ide  98-3  for more  detai l .  

Then  calcu late  the  expanded  uncertain ty from :  

 ( ) ( )DUT DUTU CF k u CF= ×  (1 6)  

where  

k i s  the  coverage factor.  

See  Annex A for more  detai l .  

5.4.2  Uncertainty due to  the  setup 

The fol lowing  uncertain ties  may come from  the  setup.  

a)  Uncertain ty due  to  the  source  power instabi l i ty.  I n  add i tion  to  the  i n trinsic variation  of ou tput 
power versus  time,  a  l aser source  may react wi th  unstable  power to  variations  of back-
reflections  and  variations  of the  state  of polarisation  of back-reflected  l i ght.  
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b)  Uncertain ty due  to  the  beam  spl i tter or branch ing  device  ratio  (for paral lel  method),  for 
example  due  to  their polarization  dependence.  

c)  Depend ing  on  the  setup  and  method ,  other uncertain ties  may have  to  be  taken  in to  
account.  

I nstabi l i ty of the  source  power,  of the  beam  spl i tter or branch ing  device  ratio  (for paral lel  
method)  wi l l  cause  a  scatter in  the  measurement of the  correction factor.  The  uncertain ty due  
to  these  instabi l i ties  can  be  calcu lated  from  the  experimental  standard  deviation  of the  
correction factors  CFcompari son , 1  to  CFcompari son , n  measured  during  the  calibration  
(Equation  (1 2)) .  The  number of comparisons  shou ld  be  large  to  reduce th is  uncertain ty.  See  
Annex A for more  detai l  on  type  A evaluation  of uncertain ty.  

 
( )comparison

setup, typeA

s CF
u

n
=  ( 1 7)  

where  

s(CFcompari son )  i s  the  experimental  standard  deviation  of the  correction factors;  

n  i s  the  number of measurement cycles  during  the  calibration  process.  

Th is  uncertainty can  also  be  calcu lated  from  a  standard  deviation  evaluated  once  from  
measurements  and  used  for a l l  calibrations  or from  a  type  B  evaluation .  The  instabi l i ty shou ld  
therefore  not vary too  much  from  one  calibration  to  the  next and  not depend  on  the  test meter.  
The  number n  i n  Equation  (1 7)  i s  a lways  the  number of measurement cycles  during  the  current 
calibration  process.  

Th is  type  A evaluated  uncertain ty wi l l  a l so  be  i n fluenced  by the  repeatabi l i ty of the  connection  
when  using  a  sequential  measurement method  or by s l ight changes  in  the  measurement 
cond i tions  during  the  calibration  process.  I t  can  (partial ly)  take  in to  account some of the  
uncertain ties  due  to  the  reference meter (5. 4. 3)  or test meter (5. 4. 5).  Uncertain ty components  
shou ld  not be  taken  in to  account twice  but nei ther shou ld  they be  forgotten .  

Calcu late  the  uncertain ty due  to  the  setup  by combin ing  al l  partia l  uncertain ties  described  in  
5. 4. 2:  

 2
setup setup, i

1

m

i

u u

=

= ∑  (1 8)  

5.4.3  Uncertainty of the  reference meter 

The uncertain ty of the  reference meter i s  main ly due  to  i ts  calibration ,  the  uncertain ties  of the  
current calibration conditions  (3 . 4)  and  the  dependence of the  reference meter on  these  
cond i tions.   

The  fol lowing  uncertain ties  shal l  be  evaluated .  The  evaluation  can  be  made on  the  basis  of 
measurements  or estimations,  or a  m ixture  of both .  The  calcu lation  of uncertain ties  i s  
described  in  Annex A.  The  measurement of dependence on  cond i tions  i s  described  in  6. 3. 2.  

a)  Calibration  uncertain ty of the  reference meter.  I t  shal l  be  obtained  from  i ts  calibration  
certi ficate.  

b)  Uncertain ty due  to  the  change  from  the  cond i tions  in  wh ich  the  reference meter was  
cal ibrated  and  the  current calibration conditions ,  uchange ,  as  calcu lated  in  5. 4. 4.  

c)  Uncertain ty due  to  temperature  dependence of the  reference meter.  
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d )  Uncertain ty due  to  dependence on  relative  hum id i ty of the  reference meter.  Power meters  
wi th  i n tegrating  sphere  are  particu larly sensi tive  to  absorption  peaks  of water when  using  
narrow laser sources.  

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

f)  Uncertain ty due  to  dependence on  mu l tiple  reflections.  Mu l tiple  reflections  may exist 
between  the  optical input port and  the  rad iation  source  (for example  a  connector-adapter 
combination).  D i fferent artefacts  wi l l  change the  measured  power.  

g )  Uncertain ty due  to  wavelength  dependence of the  reference meter.  

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

i )  Uncertain ty due  to  dependence on  state  of polarization  of the  reference meter,  except i f 
unpolarized  or depolarized  l igh t i s  used  for calibration .  

j )  Uncertain ty due  to  optical  i n terference.  Fabry-Perot cavi ties  can  occur between  the  surface  
of the  detector,  of the  window and  the  end  of the  connector,  i f used .  

k)  Uncertain ty due  to  the  resolu tion  of the  reference meter.  I f the  resolu tion  of the  reference 
meter i s  δyref,  the  standard  uncertain ty i s  (see  I SO/IEC Gu ide  98-3:2008,  F . 2. 2. 1 ) :   

 ref,resolution ref
1

2 3
u δy=  ( 1 9)  

l )  Uncertain ties  due  to  other dependences  of the  reference meter.  Depend ing  on  the  type  of 
reference meter,  there  may be  other uncertain ties  of the  reference meter.  These  shou ld  
also  be  measured  or estimated .  

m )  Uncertain ty due  to  ageing  of the  reference meter.  

Then  calcu late  the  combined  standard  uncertain ty of the  reference meter from  the  n  above  
standard  uncertain ties:  

 2 2
ref ref, i change

1

n

i

u u u

=

= +∑  (20)  

where  uchange  i s  the  uncertain ty due  to  the  change of cond i tions,  as  determ ined  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 exh ibi t a  d i fferent response  because  i t  was  cal ibrated  under 
cond i tions  d i fferent from  the  current calibration conditions.  Examples  of d i fferences  between  
the  two sets  of measurement cond i tions  are:  paral le l  beam  versus  d ivergent beam,  d i fferent 
source  spectra,  a  non-reflecting  setup  versus  a  setup  wi th  mu l tiple  reflections,  or a  large  time 
span  between  the  two reference dates  resu l ting  i n  ageing  of the  standard .   

I f the  cond i tions  under wh ich  the  reference meter was  cal ibrated  are  nom inal ly identical  to  the  
current calibration conditions  ( their uncertain ties  can  be  d i fferent)  and  i f the  ageing  of the  
reference meter i s  neg l ig ible,  5. 4. 4  can  be  skipped  (CFchange  =  1 ) .  

As  i nd icated  in  F igure  4,  each  change comprises  the  nom inal  change in  cond i tions  and  the  
change in  uncertain ty.   
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Figure 4 – Change of condi tions  and  uncertainty 

For each  of the  potential  error contribu tions  (5. 4.4. 2  to  5. 4. 4. 8),  one  shou ld  decide  i f i t  i s  
sensible  to  calcu late  a  correction factor or not.  Al ternative  A includes  the  calcu lation  of a  
correction factor wi th  the  resu l t  of a  relatively smal l  uncertain ty.  Al ternative  B  means  waiving  
the  correction factors  (or CFchange  =  1 )  and  taking  larger uncertain ties  in to  account to  embrace 
the  worst-case  cond i tions.  

I f a l ternative  A is  chosen ,  the  (cumu lative)  correction factor i s :  

 
previous

change
current

r
CF

r
=  (21 )  

or 1 ΔchangeCF r= −  (22)  

where  

rprevious   i s  the  response  of the  reference  wi th  excitation  at  the  cond i tions  at wh ich  i t  was  
cal ibrated ;  

rcurren t  i s  the  response  of the  reference wi th  excitation  a t  the  current calibration conditions;  

∆r  i s  the  relative  change of response  ∆r =  (rcurren t  –  rprevious)  /  rcurrent.  

Calcu late  the  (cumu lative)  reference meter's  change-related  correction factor by accumu lating  
the  partial  correction factors,  CFchange, i ,  ou tl ined  in  5. 4. 4. 2  to  5. 4. 4. 8.  For each  in fluencing  
quanti ty Xi ,  start wi th  the  calcu lation  of the  partial  correction factor:  

 Δchange, i i1CF r= −  (23)  

The relative  change of response  ∆ri  can  be  d i rectly measured  by chang ing  the  i n fluencing  
quanti ty from  the  "previous"  to  the  "current"  calibration conditions  or calcu lated  from  the  
nom inal  change of the  i n fluencing  quanti ty ∆x i ,  and  the  reference meter's  nom inal  relative  
dependence on  th is  quanti ty:  
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 Δchange, i i i1CF c x= − ×  (24)  

where  

c i  i s  the  partia l  derivate  of the  relative  response  on  the  i n fluence quanti ty Xi ,  cal led  sensi tivi ty 
coefficient.  See  I SO/IEC Gu ide  98-3:2008,  5. 1 . 3  and  5. 1 . 4,  for more  detai l .  

I f the  sensi tivi ty coefficient i s  not known  very wel l ,  the  fol lowing  type  B  uncertain ty shou ld  be  
taken  in to  account:  

 ( ) Δchange, i i iu u c x= ×  (25)  

where  

u(c i )  i s  the  standard  uncertain ty of the  sensi tivi ty coefficient.  The  measurement of the  
dependences  is  d iscussed  in  6 . 3.  

F inal ly,  calcu late  the  reference meter's  cumu lative  correction factor from  the  above 
contributions:  

 change change, i
1

n

i

CF CF

=

=∏  (26)  

and  the  combined  standard  uncertain ty due  to  the  change of calibration conditions :  

 2
change change, i

1

n

i

u u

=

= ∑  (27)  

Th is  correction factor corresponds  to  a  known  change of response  of the  reference meter 
caused  by the  two  d i fferent sets  of measurement cond i tions.  I t  i s  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 correction factor CFchange,Θ  shou ld  be  calcu lated  wi th  the  help  of the  nom inal  change 
between  the  "previous"  and  the  "current"  temperature  ∆Θ  and  the  temperature  sensi tivi ty 
coefficient cΘ  of the  reference meter ( for example  i n  %/°C).  

 ΔΘchange, 1CF cΘ Θ= − ×  (28)  

5.4.4.3  Correction factor due  to  change of power level  

The uncertain ty shou ld  be  calcu lated  from  the  nonlinearity of the  reference meter between  the  
"previous"  and  the  "current"  power level .  I f necessary,  a  correction factor can  be  calcu lated  
from :  

 1 0
change,  1 0

NL

NLCF

−

=  (29)  

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

5.4.4.4 Correction factor due  to  change of beam  geometry 

The correction factor shou ld  be  calcu lated  from  the  change of response  measured  when  
chang ing  the  beam  geometry.  

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

The reference meter's  optical input port shou ld  general ly be  assumed  to  be  reflective.  Such  a  
reflection  wi l l  travel  back to  the  rad iation  source,  for example,  on  an  optical  connector,  be  
reflected  again ,  and  final ly increase  the  d isplayed  optical  power level .  Th is  effect wi l l  g ive  rise  
to  a  correction factor (usual ly <  1 )  and  an  i ncreased  uncertain ty.  

I f,  for example,  the  source  used  in  the  calibration  of the  reference meter i s  non-reflective  and  
the  source  used  in  the  calibration  of the  test meter i s  reflective  (caused  by an  optical  
connector),  then  the  total  power ind icated  by the  reference meter i s  erroneous  by the  
secondary reflection .  I f one  assumes  that the  secondary reflection  contributes  an  add i tional  
5  %  of the  total  power,  then  the  ind ividual  correction factor i s  0 , 95.  Th is  type  of error can  be  
reduced  by using  sources  wi th  h igh ly absorptive  enclosures,  or sources  wi th  low-reflectivi ty 
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 shou ld  be  calcu lated  wi th  the  help  of the  nom inal  change of wavelength  
∆λ  and  the  reference meter's  nom inal  wavelength  dependence  cλ .  

 1 Δchange,λ λCF c λ= − ×  (30)  

5.4.4.7  Correction factor due  to  spectral bandwidth  change 

The  correction factor shou ld  be  calcu lated  wi th  the  help  of the  nom inal  change of spectral 
bandwidth  and  the  reference meter's  nom inal  dependence on  the  spectral bandwidth .  Note  that 
the  correction factor remains  1  as  long  as  the  (uncorrected)  wavelength-dependence i s  l inear  
wi th in  the  spectral bandwidth  of the  source.  I n  the  case that the  wavelength  dependence  i s  
curved ,  the  correction factor can  be  computed  wi th  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  

Depend ing  on  the  type  of reference meter and  the  calibration conditions,  there  may be  other 
correction factors.  These  shou ld  a lso  be  measured  or estimated  as  ou tl ined  in  5. 4. 4. 1 .  

5.4.5 Uncertainty due to  the  spectral bandwidths  

Uncertain ties  aris ing  from  the  test meter are  main ly due  to  the  uncertain ties  of the  calibration 
conditions  and  the  dependence of the  test meter on  the  cond i tions.  The  fol lowing  uncertain ties  
shal l  be  evaluated .  Their determ ination  i s  s im i lar to  the  evaluation  described  in  5. 4. 3.  The  
calcu lation  of uncertain ties  is  described  in  Annex A,  and  the  measurement of dependence on  
cond i tions  i s  described  in  6 . 3. 2 .  

a)  Uncertain ty due  to  temperature  dependence of the  test meter.  
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b)  Uncertain ty due  to  dependence  on  relative  hum id i ty of the  test meter.  Power meters  wi th  
in tegrating  sphere  are  particu larly sensi tive  to  absorption  peaks  of water when  using  
narrow laser sources.  

c)  Uncertain ty due  to  dependence  on  beam  geometry.  Th is  uncertain ty comes  from  non-
un i form i ty and  ang le-dependence of the  test meter's  optical input port.  

d )  Uncertain ty due  to  dependence on  mu l tiple  reflections.  Mu l tiple  reflections  may exist 
between  the  optical input port and  the  rad iation  source  (for example  a  connector-adapter 
combination).  D i fferent artefacts  wi l l  change the  measured  power.  

e)  Uncertain ty due  to  wavelength  dependence of the  test meter.  

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

g )  Uncertain ty due  to  dependence on  state  of polarization  of the  test meter,  except i f 
unpolarized  or depolarized  l i ght i s  used  for calibration .  

h )  Uncertain ty due  to  optical  i n terference.  Fabry-Perot cavi ties  can  occur between  the  surface  
of the  detector,  the  window and  the  end  of the  connector,  i f used .  

i )  Uncertain ty due  to  the  resolu tion  of the  test meter.  I f the  resolu tion  of the  test meter i s  
δyDUT,  the  standard  uncertain ty is  (see  ISO/IEC Gu ide  98-3: 2008,  F . 2. 2. 1 ):  

 DUT,resolution DUT
1

2 3
u δy=  (31 )  

j )  Uncertain ties  due  to  other dependences  of the  test meter.  Depend ing  on  the  type  of test 
meter and  on  the  calibration  process,  there  may be  other cond i tions  causing  uncertain ties.  

Then  calcu late  the  combined  standard  uncertain ty contribution  of the  test meter from  the  n  
above  standard  uncertain ties:  

 2
DUT DUT, i

1

n

i

u u

=

= ∑  (32)  

5.5 Reporting  the  resu l ts  

Su i table  requ irements  for reporting  the  resu l ts  of each  calibration  shou ld  be  fol lowed .  

NOTE  Gu idance  about  good  practi ces  for reporti ng  the  resu l ts  of calibration  can  be  found  i n  I SO/I EC 1 7025  [1 8] .  

Calibration  certi ficates  or calibration  reports  referring  to  th is  document shal l ,  at a  m in imum ,  
include  the  fol lowing  in formation :   

a)  a l l  calibration conditions  (3 . 4)  as  described  in  5. 2;  

b)  the  test meter's  correction factor(s)  (3. 6)  or deviation(s)  (3. 8) ,  i f the  test meter was  not 
ad justed ;  

c)  on  receipt correction factors  or deviations  and  after adjustment (3 . 2)  correction factors  or 
deviations  i n  the  case  that an  adjustment was  carried  ou t;  

d )  the  calibration  uncertain ty in  the  form  of an  expanded  uncertain ty as  described  in  5. 4;   

e)  the  instrument state  (3 . 1 0)  of the  test meter during  the  calibration ;  

f)  evidence that the  measurements  are  traceable  (see  ISO/IEC 1 7025).  
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6 Measurement uncertainty of a  cal ibrated  power meter 

6.1  Overview 

The measurement uncertain ty of a  cal ibrated  power meter i s  l arger than  i ts  calibration  
uncertain ty.  I t  i s  the  combination  of the  calibration  uncertain ty and  of uncertain ty contributions  
due  to  the  dependence of the  power meter on  the  cond i tions  of measurement.  

The  determ ination  of the  measurement uncertain ty of a  cal ibrated  power meter used  at 
reference conditions  or at operating conditions  i s  not part of the  calibration  process.  I t  i s  
performed  for example  by manufacturers  of power meters  in  order to  establ ish  speci fications.  I t  
i s  not mandatory for calibration  certi ficates  or calibration  reports  referring  to  th is  document.  

6.2  Uncertainty at reference conditions  

Reference conditions  (3 . 25)  are  used  for testing  the  performance of a  power meter or for 
in tercomparisons.  They are  usual ly defined  by manufacturers  i n  order to  speci fy the  smal lest 
uncertain ty of a  measuring  i nstrument;  therefore,  they are  often  i dentical  or close  to  i ts  
calibration conditions.   

The  uncertain ty at reference conditions  i s  the  uncertain ty on  the  resu l t  of a  measurement taken  
by the  cal ibrated  and  ad justed  power meter when  operated  at reference conditions.  I t  depends  
on  the  calibration  u ncertain ty of the  power meter,  the  reference conditions  and  the  dependence 
of the  power meter on  the  reference conditions.  Th is  i s  the  reason  why the  uncertain ty at 
reference conditions  i s  a lways  larger than  the  calibration  uncertain ty.  Even  when  the  reference 
conditions  are  i dentical  to  the  calibration conditions  (no  uncertain ty due  to  change of 
cond i tions),  the  test meter's  dependences  on  the  reference conditions  have  to  be  added  ( in  
quadrature)  to  the  calibration  uncertain ty for a  second  time.  Calcu lating  the  uncertain ty at 
reference conditions  of the  cal ibrated  test meter i s  s im i lar to  calcu lating  the  measurement 
uncertain ty at calibration conditions  of the  reference meter described  in  5. 4. 3:  

 ( )2 2
DUT,ref_conditions DUT DUTu u CF u= +  (33)   

where  

u(CFDUT)  i s  the  calibration  uncertain ty of the  test meter,  as  determ ined  in  accordance  wi th  
5. 4;  

uDUT  i s  the  uncertain ty due  to  the  dependence  of the  test meter on  the  reference 
conditions,  as  determ ined  in  accordance  wi th  5. 4.5.  

The description  of the  reference conditions  shou ld  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 uncertain ty at operating conditions  (or operating  instrumental  uncertain ty,  see  3. 2. 1 1  of 
I EC 60359:2001 )  i s  the  uncertain ty on  the  resu l t  of a  measurement taken  by the  cal ibrated  and  
ad justed  power meter when  operated  wi th in  a  range  of operating conditions  (3 . 1 8).  I t  depends  
on  the  calibration  uncertain ty,  the  operating conditions  and  the  dependence of the  power meter 
on  the  operating conditions:  

 2 2
DUT,operating DUT extensionu u (CF ) u= +  (34)  

where  
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