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Foreword

[SO (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 IS0 d
ISO/IEC

bcument should be noted. This document was drafted in accordance with the editorial cul
Directives, Part 2 (see www.iso.org/directives).

bs of the

[SO drayvs attention to the possibility that the implementation of this document may invelve‘the use of (a)
patent(d). ISO takes no position concerning the evidence, validity or applicability of.-any”claime
rights i respect thereof. As of the date of publication of this document, ISO had not, received notice of (a)
patent(d) which may be required to implement this document. However, implemefiters are cautio
this may not represent the latest information, which may be obtained from the patent database avdilable at

WWW.is

p.org/patents. [SO shall not be held responsible for identifying any or allisuch patent rights.

Any tra

constitute an endorsement.

Forane
related
Organiz

This do
specificd
Technic
accorda

kplanation of the voluntary nature of standards, the meaning of ISO specific terms and exp)

 patent

hed that

He name used in this document is information given for the cenvenience of users and ¢oes not

ressions

to conformity assessment, as well as information abeut ISO's adherence to the World Trade
htion (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/forewdrd.html.

rument was prepared by Technical Committee JSO/TC 213, Dimensional and geometrical

il Committee CEN/TC 290, Dimensional and; geometrical product specification and verific

hce with the Agreement on technical coopération between ISO and CEN (Vienna Agreement).

product

tions and verification, in collaboration with the'European Committee for Standardization (CEN)

ntion, in

This sedond edition cancels and replaces the. first edition (ISO 25178-602:2010), which has been tedhnically

revised.

The mai

In changes are as follows:

— removal of the terms and the(definitions now specified in ISO 25178-600;

— revision of all terms and(définitions for clarity and consistency with other ISO standards;

— add
cha

— add
— add
— add

acteristics ofiinstruments;

tion of €lause 5 on metrological characteristics;

tioh of an information flow concept dingrnm in Clause 4-

tion of Clause 4-for instrument requirements, which summarizes the normative featyres and

tion of €lause 6 on design features, which clarifies the types ofinstruments relevant to this document;

— revision of Annex A describing the principles of instruments addressed by this document.

Alist of

all parts in the ISO 25178 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complet

e listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document is a geometrical product specification (GPS) standard and is to be regarded as a general GPS
standard (see ISO 14638). It influences chain link F of the chains of standards on profile and areal surface

texture.

The ISO GPS matrix model given in ISO 14638 gives an overview of the ISO GPS system of which this document
is a part. The fundamental rules of ISO GPS given in ISO 8015 apply to this document and the default decision
rules given in ISO 14253-1 apply to the specifications made in accordance with this document, unless

otherwi

For mor

se indicated.

—detaftetmt . ] bt s , — HeePs .

see Anngx C.

The pri

hciple of confocal chromatic probe can be implemented in various set-ups. The lconfi

describgd in this document comprises three basic elements: an optoelectronic controller/a linki
optic cable and a chromatic objective (sometimes called “optical pen”).

Several
from th
integrat|

fechniques are possible to create the axial chromatic aberration or to extract'the height infg
e reflected light. In addition to implementations as point sensors, ¢htomatic aberration
ed into line sensors and field sensors. Annex A describes confocal chromatic imaging

implemg¢ntation into distance measurement probes in detail.

This tyge of instrument is mainly designed for areal measurements, but'it is also able to perform j
measur¢ments.

This do
confoca
of areal

For mor

fument describes the design and the metrological characteristics of an optical profiler
chromatic probe based on axial chromatic aberratiéniof white light, designed for the meas
surface texture.

e detailed information on the confocal chromatic probe instrument technique, see Annex A.

this annex before the main body can lead to a better'tinderstanding of this document.

x model,

buration
ng fibre

rmation
can be
and its

brofiling

using a
irement

Reading
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International Standard ISO 25178-602:2025(en)

Geometrical product specifications (GPS) — Surface
texture: Areal —

Part 602:

Design and characteristics of non-contact (confocal chromatic

probe) instruments

1 Scdpe

This doqument specifies the design and metrological characteristics of a particular’non-contact ins
for meaguring surface texture using a confocal chromatic probe based on axial chromatic aberration

trument
of white

light. Additional metrological characteristics can be found in ISO 25178-600. Bécause surface profilgs can be
extractdd from areal surface topography data, the methods described in this document are also applicable

to profiling measurements.

2 Normative references

The follgwing documents are referred to in the text in such a way that some or all of their content copstitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,

the lategt edition of the referenced document (including any’ amendments) applies.

ISO 25178-600:2019, Geometrical product specifications (GPS) — Surface texture: Areal — P
Metrological characteristics for areal topography méasuring methods

3 Tenms and definitions

rt 600:

For the purposes of this document, the terms and definitions given in ISO 25178-600 and the following apply.

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

— ISO|Online browsing platform: available at https://www.iso.org/obp

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

3.1
chromaijtic aberration

<confocpl chromatic probe> optical effect of a lens that focuses light at different lengths dependinjg on the

wavelength
Note 1 tjﬂm—emmmeWrmﬁﬁh?mw@ma defined

in ISO 10934:2020, 3.1.4.2.

3.2
chromatic objective
objective with axial chromatic aberration (3.1)

3.3
confocal chromatic probe
device that senses surface heights using a chromatic objective (3.2) mounted into a confocal setup

Note 1 to entry: Various optical configurations are discussed in Annex A.

© IS0 2025 - All rights reserved
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3.4

confocal chromatic microscopy

surface topography measurement method consisting of a confocal microscope with chromatic objective (3.2)
integrated with a spectrometer whereby the surface height at a single point is sensed by the wavelength of
light reflected from the surface

[SOURCE: ISO 25178-6:2010, 3.3.7, modified — “a detection device (e.g. spectrometer)” has been replaced by
“a spectrometer”. Note 1 to entry has been deleted.]

3.5

light source
<confocal chromatic probe> source of light containing a continuum of wavelengths in a predefined
spectral region

Note 1 tq entry: The spectral region emitted by the source should be compatible with the spectral bandwidth of the
optical system and the detector.

Note 2 tolentry: Usually, this spectral region extends within the visible light, between wavelength values 0,4 pm o 0,8 pm.

3.6
light soprce pinhole
small hdle placed following the light source (3.5), to make it a point light source

Note 1 tq entry: The system contains two pinholes. The first one is the light seurcé pinhole. It defines a small spot of
light thag acts as the point light source for the instrument. The second one isthe discrimination pinhole (3.7)} It limits
the trangmitted beam to the part that is in focus on the sample surface and.s reflected by it along the opticallaxis (see

Figure Al1).

Note 2 td entry: In practice, the pinholes are obtained by using a fihre.optic which provides spatial discrimination and
allows tHe optical head to be used away from the optoelectronic controller.

3.7
discrimination pinhole
small h¢le placed in front of the detector, providing depth discrimination on a beam reflected from the
sample gurface by blocking defocused light

Note 1 td entry: Notes 1 and 2 to entry in 3.6 also’apply to the discrimination pinhole.

3.8
vertical range
<confocpl chromatic probe> distance measured between the focal point of the shortest wavelengthf and the
focal polnt of the longest wavelength detected on the spectrometer

Note 1 td entry: The vertical xange depends on the depth of field and on the spectral range of the spectrometer.

3.9
optical pen
part of 4 confocalchromatic probe (3.3) that contains a chromatic objective (3.2) and that is located| close to
the surfpce during the measurement

Note 1 td eritry: The optical pen is usually connected to an opto-electronic box through a fibre optic.

3.10

stray light

signal composed of the stray light entering the discrimination pinhole (3.7), sensed by the detector when no
sample is present, and the internal signal produced by the detector itself

Note 1 to entry: The stray light signal is generally captured during a calibration procedure and subtracted to
subsequent measurements.

© IS0 2025 - All rights reserved
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4 Instrument requirements
An instrument conforming to this document shall perform two operations.

a) A spectral encoding of the measurement space. This encoding is performed by stretching focus points
using axial chromatic aberration of the illuminating beam in a controlled manner. It is usually realized
using a chromatic objective and a white light source.

b) A spectral decoding of the reflected beam. This decoding identifies the focused wavelength, usually
using a spectrometer. Wavelength is then converted to height by a software using calibrated data.

These operations are part of the information flow described in Figure 1. The scale-limited surface obtained

at the eprd—of theimformation flow s used to tatcutatedareat surface texture parameters, according to
ISO 25178-2.

Such an|instrument is usually referred to as a confocal chromatic profilometer, and the technique jis called
confocal chromatic microscopy.

The confocal setup is usually realized using a fibre optic that acts as a source pinhole ahd as a discrirpination
pinhole.[It also allows the objective to be close to the surface while the rest of the‘opto-electronic device
(light squrce, spectrometer, power source, ventilation) is installed elsewhere.

The instfrument requires a lateral scanning system as follows:

— Inthe case of a point sensor, it can be mounted on a lateral scanningsystem in order to measure p profile
(alopg x-axis) or a surface (in x-axis and y-axis).

— Intle case of aline sensor, it can be mounted on a lateral scanning system that moves in y-axis, while the
sengor directly measures a line segment in x-axis.

NOTE A point sensor can also be associated with a rotary table in order to realize a non-contact r¢undness
measuring instrument.

© IS0 2025 - All rights reserved
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gure 1 — Information flow concept diagram for confocal chromatic probe instrumen

trological characteristics

hdard metrologicalZ¢haracteristics for areal surface texture measuring instruments spe
/8-600 shall be-considered when designing and calibrating the instrument.

describes sources of measurement error that can influence the calibration result.
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Annex A provides examples of specific design features of confocal chromatic instruments.

7 General information

The rela

tionship between this document and the GPS matrix model is given in Annex C.
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Annex A
(informative)

Principles of confocal chromatic profilometry for areal surface

Al G

The ided

authors

topography measurement

eneral

[13] and|[14]). Nowadays, several commercial optical profilometers use this technique for-the'measur

areal suj

A confo
system,

scan suifaces. It can also be installed on rotary axes to scan roundness profiles and cylinders.

As it is lon-contact, it can achieve fast lateral scans without damaging the surface.

Additional details on the confocal chromatic probe can be found in-Réference [15].

A.2 Principles of axial chromatic aberration

In a conf
of the 1

ght source. When the light source is polychromatic, the confocal chromatic probe gen

continuh\llm of images corresponding to the spectral\¢entent of the source.

Axial ¢
imaging

romatic aberration is a physical propérty inherent in all refractive, diffractive and gradie
systems. Figure A.1 illustrates thisproperty.

2

Key

of using axial chromatic dispersion to code surface heights was developed in the 1980s"by several
(see References [10] and [11]) and later implemented in scanning profilometers (see, Referenices [12],

bment of

'face topography and even form deviation (roundness) or form [coordinate measuring machine[(CMM)].

fal chromatic probe senses one single surface point at a time, and is moved by a lateral §canning
either along one axis (x-axis) to scan profiles, or along two orthogonal axes (x-axis and yfaxis) to

ocal chromatic probe, the position of the image af.any given point source depends on the wayelength

erates a

nt index

point light source

chromatic objective lens

2 Focal distance of the shortest optical wavelength (A
b Focal distance of the longest optical wavelength (A

min)‘

max)'

¢ Axial chromatic aberration.

Figure A.1 — Principle of axial chromatic aberration

© IS0 2025 - All rights reserved
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The shortest focal distance (a in Figure A.1) is also the working distance of the device, which is the closest
distance between the objective and the workpiece. The light source is usually a wide band white light source
(halogen, xenon, LED, etc.). However, some systems use a swept source where the light wavelength is shifted
periodically within a given spectral band (see References [16] and [17]).

In practice, pinholes are frequently realized using fibre optics, which have the advantage to separate the
optical pen from the light source and the detector electronics. A fibre coupler is then used instead of a semi-
transparent beam-splitter.

A.3 Confocal chromatic setup

A simplified description of the contocal Ciromatic Setup I1s Shown in Figure A.2.

Key

1 lightsource 5  workpiece

2 light source pinhole 6  discrimination pinhole
3  semj-transparentmirror 7  spectrometer

4 chrdmatic objective

a

o

Focuys(point of light at the longest optical wavelength (4,,,,)-

Foc:[s pointof light at the shortest optical wavelength (A,,;,).

¢ Beam focused on workpiece.

Figure A.2 — Principle of a confocal chromatic probe

A.4 Detector

There are different ways to analyse the spectral content of the light beam that is filtered by the discriminating
pinhole. One of them is a traditional spectrometer comprising a dispersive element (a grating or a prism)
and a linear detector array.

© IS0 2025 - All rights reserved
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The relative height of the surface, at any given point x of a profile, or position (x, y) of a surface, is obtained
from the spectrometer data as follows:

— the light reflected by the surface is sent to the spectrometer through the discrimination pinhole which
eliminates most wavelengths except those close to the focused wavelength;

— in the spectrometer, the focused wavelength will have a higher intensity than the defocused ones and
will produce a peak in the spectrometer curve (see Figure A.3);

— if the sensor has been calibrated, the wavelength at the peak of the spectrometer curve can be converted
into a distance from a pre-defined reference plane.
Y

X wavglength axis (pixels of the detector in the spectrometer)/focal peint distance
Y  intepsity axis (arbitrary units)

2 Posiftion of the focused wavelength.

b Intepsity of the peak.

Figure A.3 — Intensity péak on the spectrometer curve

The vertical range of the sensor (in the z-direction) is equal to the axial chromatic aberration dbserved
betweer) the shortest and longest wavelengths by the detector. This type of sensor is able to achieve|vertical
ranges df relative surface texture heights from several tens of micrometres to several millimetres, depending
on the objective lens.

Since the¢ sensor measures the height at a single point on the workpiece, it is possible to use it to measureja profile
or a surfpace. x-axis shall be scadnned to get a profile and x-axis and y-axis to get an areal topographic imgge.

The advantage of this sensor is that it does not include any mechanical vertical scanning devicg, so the
measur¢ment noise generated by the sensor is smaller and the measurement faster than in point aitofocus
probe instrumentsy(see ISO 25178-605).

The width of the spectral peak is determined by the size of the pinholes, the numerical apertuie of the
chromatic objective and the amount of chromatic aberration.

A.5 Instrument design

A typical configuration of a confocal chromatic profilometer is shown in Figure A.4. This configuration
differs between manufacturers, but they usually have the same main components.

© IS0 2025 - All rights reserved
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ronfocal
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1
- 101
7 I\M
A L
9] I
12 S
Key
1  optifal pen 7  workpiece
2 fibr¢ optic 8  Xx-axis scanning stage
3 optg-electronic controller 9  y-axis positioning stage (optional)
4  beain splitter (optical coupler) 10 z-axis positioning stage (optional)
5 lightsource 11 z-axis column
6  spedtrometer 12 granitebase
Figure A.4 — Typical design of a confaécal chromatic profilometer
A.6 Line sensors
If the wprkpiece is illuminated by a line of-light instead of a point light source, it is possible to 1
a profil¢ at once. The spectrometer used‘to detect heights shall use an image detector (such as 4
detector) instead of a line detector. Light'wavelengths will be spread in a direction defined by thg
or prisn}, and the image detector hasione axis aligned with that spreading direction (usually the sr
of the détector). The perpendiculéar)direction will be used to detect the position along the profile m
on the workpiece. The number of/measured points depends of the number of pixels on the large sigle of the
detector.
When uped with a y-axis“scanning stage, an areal measurement can be done in one scan, leading
measur¢ments of supfaces (compared to point sensors that require scanning in x-axis and y-axis).
A.7 Npn-measured points (missing data)
Non-measured points are covered in ISO 25178-700:2022, 3.1 and 6.3. This clause is specific to
chromaticprobes:

Non-measured points are usually generated when the processing unit cannot identify any peak in the

spectrum, i.e. in one of the conditions given in Table A.1.

© IS0 2025 - All rights reserved
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Table A.1 — Possible explanations for why there can be non-measured points

Condition

Comment

Solution

The workpiece is too dark

The intensity of the reflected light is
too low

Increase the integration time or in-
crease light source power

The workpiece is too shiny

The intensity of the reflected light is
too high and saturates the detector

Decrease the integration time or
decrease light source power

The local slope is too high Most reflected light is sent outside None
the discrimination pinhole
Out of range The peakis on the edge of the spec- |None

trum or outside the discrimination

pinhole

NOTE

Non-measured points can also be reconstructed by an interpolation technique.

A8 O

Outliers|
They oc
— steq
sud
sem
low
spu
hetg

These o
measur(

These p
They sd
measurd

A.9 Measurement of transparent materials

The con
If more {
itis pos:

Instead
This abi

ntliers

are invalid points generated when the sensor misinterprets the spectrometer-data.
cur, for example, in the following cases:

p slopes;

len height transition (step);

i-transparent particles;

intensity of the reflected signal (poor signal to noise ratio);

Fious focus caused by surface curvature;

rogeneous surface conditions within the spptsize.

itliers usually appear as positive or negative peaks around step-type transitions, or aroy
bd areas.

pbints should be eliminated or carrected before proceeding to a calculation (roughness par
metimes explain deviations ‘observed in surface parameters when comparing with
bment.

focal chromaticptobe generates one intensity peak on the spectrometer for the focused way
han one wavelength is focused in the range of the detector, such as in the case of a transpare
ible to identify the position of the two (or more) peaks. See Figure A.5.

nd non-

hmeter).
h stylus

elength.
nt layer,

pof detecting the two interfaces, it is possible to retain only one of the two (e.g. the second i
ity‘allows the sensor to measure topography below a transparent layer (a film of oil, varnis

erface).
, etc).

The transparent material usually has a different refraction index than the one in the medium above the
surface (usually air). The position of the second peak is compensated by the ratio of the two refraction

indices,

in order to obtain a correct distance.

The ability to measure surface height through a transparent material makes it possible to compensate for
the lateral scanning system straightness, using a glass flat above the surface (see Reference [16]).

© IS0 2025 - All rights reserved
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dist
inte
first
secd

ince to the surface

hsity of the reflected light

detected peak (upper interface)
nd detected peak (lower interface)

Figure A.5 — Detection of the two interfaces of a transparent layer
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Annex B
(informative)

Source of measurement error for confocal chromatic probe
instruments

B.1 Mletrologlcal characteristics and influence quantities

[SO 25178-600:2019, 3.1.28 defines a specific set of metrological characteristics for areal surface)toppgraphy
measuring instruments. These metrological characteristics capture influence quantitiesy factprs that
can inflhence a measurement result and can be propagated through an appropriate nieaSurement model
to evalyate measurement uncertainty. See ISO 25178-700 and ISO 12179 for methods for callbration,
adjustmient and verification of the metrological characteristics.

In this dnnex, influence quantities are described that affect the metrological characteristics. Knowledge of
these influence quantities is not needed for uncertainty analysis if it is feasible to perform a direct calibration
of the cqrresponding metrological characteristics. However, knowledge of.influence quantities can he useful
for optimizing measurements and minimizing sources of error.

Table B.| summarizes the influence quantities discussed in this anfiex.

Table B.1 — Summary of influence quantities and related metrological characteristics

Item Influence quantity Relevant metrological characteristics
B.2 Spot size w, width limit for full height transmission
Diim lateral period limit
Ty topography fidelity
B.3 Numerical aperture Dyis maximum measurable local slope
B.4 Chromatic aberration power a, amplification coefficient
L, linearity deviation
B.5 Local slope Dys maximum measurable local slope
B.6 Dark signal L, linearity deviation
B.7 Stray light L, linearity deviation
Tgy topography fidelity
B.8 Sampling interval D, sampling interval
D, sampling interval
Diim lateral period limit
B9 Strface absorption F, response function
| linearity deviation
B.10 Transparent layer thickness a, amplification coefficient

B.2 Spotsize

The spot size is the illuminated area on the workpiece that reflects the light back to the detector. The surface
height measured at a given position (x, y) is the result of complex reflections within the spot area, which
limits the lateral resolution. Different surface points within the spot area have different heights, leading to
multiple focus points and larger peaks on the spectrometer.

© IS0 2025 - All rights reserved
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