
Optics and photonics — Laser 
and laser-related equipment 
— Photothermal technique for 
absorption measurement and 
mapping of optical laser components
Optique et photonique — Lasers et équipements associés aux lasers 
— Technique photothermique pour la mesure et la cartographie de 
l'absorption des composants laser optiques

INTERNATIONAL 
STANDARD

ISO 
23701

First edition 
2023-04

Reference number 
ISO 23701:2023(E)

© ISO 2023

IS
O

 2
37

01
:2

02
3 

- P
re

vi
ew

 o
nl

y 
C

op
y 

vi
a 

IL
N

A
S 

e-
Sh

op



ii

ISO 23701:2023(E)

COPYRIGHT PROTECTED DOCUMENT

©  ISO 2023
All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may 
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on 
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below 
or ISO’s member body in the country of the requester.

ISO copyright office
CP 401 • Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

	 ﻿� © ISO 2023 – All rights reserved
�

IS
O

 2
37

01
:2

02
3 

- P
re

vi
ew

 o
nl

y 
C

op
y 

vi
a 

IL
N

A
S 

e-
Sh

op

https://www.iso.org


ISO 23701:2023(E)

Foreword.........................................................................................................................................................................................................................................iv
Introduction..................................................................................................................................................................................................................................v
1	 Scope.................................................................................................................................................................................................................................. 1
2	 Normative references...................................................................................................................................................................................... 1
3	 Terms and definitions..................................................................................................................................................................................... 1
4	 Symbols used and units of measure................................................................................................................................................. 2
5	 Test method................................................................................................................................................................................................................ 2

5.1	 Test principle............................................................................................................................................................................................. 2
5.1.1	 General......................................................................................................................................................................................... 2
5.1.2	 Photothermal lensing (TL)......................................................................................................................................... 3
5.1.3	 Photothermal deflection (PTD).............................................................................................................................. 3
5.1.4	 Rules for selecting reflected and transmitted photothermal detection 

schemes....................................................................................................................................................................................... 3
5.2	 Measurement arrangement and test equipment....................................................................................................... 3

5.2.1	 Photothermal detection arrangement............................................................................................................. 3
5.2.2	 Pump laser................................................................................................................................................................................ 6
5.2.3	 Probe laser................................................................................................................................................................................ 6
5.2.4	 Translation stage................................................................................................................................................................. 6
5.2.5	 Detection unit........................................................................................................................................................................ 7
5.2.6	 Data acquisition and processing........................................................................................................................... 7
5.2.7	 Environment........................................................................................................................................................................... 7

5.3	 Preparation of test sample............................................................................................................................................................ 7
6	 Test procedure........................................................................................................................................................................................................ 7

6.1	 General............................................................................................................................................................................................................ 7
6.2	 Measurements of photothermal amplitude and phase........................................................................................ 8
6.3	 Maps of photothermal amplitude and phase................................................................................................................ 8
6.4	 Calibration of photothermal amplitude............................................................................................................................ 9
6.5	 Assessments of the measurement....................................................................................................................................... 10

7	 Evaluation.................................................................................................................................................................................................................11
7.1	 Determination of absorption via photothermal measurement................................................................ 11
7.2	 Determination of absorptance via photothermal calibration.................................................................... 12
7.3	 Two-dimensional/three-dimensional maps of absorption........................................................................... 13
7.4	 Mapping area and spatial resolution................................................................................................................................ 13

8	 Test report................................................................................................................................................................................................................14
Annex A (informative)  Theoretical and practical considerations on calibration............................................16
Annex B (informative)  Separation of surface absorption and bulk absorption................................................18
Annex C (informative)  Test report......................................................................................................................................................................21
Bibliography..............................................................................................................................................................................................................................22

iii© ISO 2023 – All rights reserved	 ﻿

Contents� Page

IS
O

 2
37

01
:2

02
3 

- P
re

vi
ew

 o
nl

y 
C

op
y 

vi
a 

IL
N

A
S 

e-
Sh

op



ISO 23701:2023(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization. 

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement. 

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to 
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see 
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 172, Optics and photonics, Subcommittee 
SC 9, Laser and electro-optical systems.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

With the rapid development of high-power/high-energy laser technology, laser-induced damage to 
optical laser components and laser-induced thermal distortion in laser components become the most 
important limiting factors for the operation and applications of high-power/high-energy laser systems. 
Normally, the laser-induced damages to optical laser components are caused by absorbing defects 
on the surface or within the laser components which result in thermal stress or melting of the laser 
components and lead to damage. The thermal distortions, which induce wavefront distortions and 
therefore beam quality deteriorations to the laser beam, are caused by non-uniform thermal expansion 
or refractive index change due to absorption irregularities (such as absorbing defects) inside the laser 
components. To improve the laser-induced damage threshold (LIDT) and reduce the laser-induced 
thermal distortion of laser components used in high-power/high-energy laser systems, there are needs 
not only to measure precisely the absorptance of the laser components, but also to detect various 
absorbing defects on/within the laser components, therefore to improve the performance of these laser 
components via optimizing fabrication/coating processes.

Currently, the ISO 11551 standardized testing method - laser calorimetry for absorptance measurements 
of optical laser components can only measure test samples with small sizes (normally less than 50 mm 
in diameter and 10 mm in thickness) and has almost no capability to measure the absorptance of large-
sized laser components (100 mm in diameter and over) widely used in high-power/high-energy laser 
systems. In addition, laser calorimetry has only limited capability to map the absorptance distribution 
of an optical laser component.

The measurement procedures in this document have been optimized to allow the mapping of absorbing 
defects of optical laser components and measurement of absolute absorptance of large-sized laser optics 
actually used in high-power/high-energy laser systems using photothermal techniques which provide 
absorption measurement/mapping with high sensitivity, high spatial resolution, and high reliability.

In addition to absorption measurement/mapping of optical laser components with photothermal 
amplitude, the photothermal phase measurement/mapping can also find applications in thermo-
physical characterization of laser optics, which will be helpful for a better understanding of defect 
properties of laser optics and laser-defect interaction that would lead to a better understanding of 
laser-induced damage mechanism of laser optics.
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