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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 comm|ttees Each member body mterested in a subject for WhICh a techmcal committee has been
established-has-theric S represe s c o - . governmental and
non-gove nmental in Ilalson with 1SO, also take part in the Work ISO Collaborates closely with ™\
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, RPart 2.
The main|task of technical committees is to prepare International Standards. Draft Interpational Standands
adopted tl:y the technical committees are circulated to the member bodies for voting. Publication as gn
International Standard requires approval by at least 75 % of the member bodies casting‘@vote.

Attention s drawn to the possibility that some of the elements of this documentnay be the subject of patent
rights. 1ISQ shall not be held responsible for identifying any or all such patent rights

ISO 25178-602 was prepared by Technical Committee ISO/TC 213, Dimensional and geometrical prodiict
specificatipns and verification.

ISO 25178 consists of the following parts, under the general title ‘Geometrical product specifications (GPS)|—
Surface tgxture: Areal:

— Part 2: Terms, definitions and surface texture parametérs

— Part 3: Specification operators

— Part ¢: Classification of methods for measutring surface texture

— Part I: Software measurement standards

— Part 601: Nominal characteristics of contact (stylus) instruments

— Part $02: Nominal charactersistics of non-contact (confocal chromatic probe) instruments
— Part 603: Nominal characteristics of non-contact (phase-shifting interferometric microscopy) instruments
— Part T01: Calibration and measurement standards for contact (stylus) instruments

The following/parts are under preparation:

— Part 604: Nominal characteristics of non-contact (coherence scanning interferometry) instruments

— Part 605: Nominal characteristics of non-contact (point autofocusing) instruments

iv © 1SO 2010 — All rights reserved
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Introduction

This part of 1ISO 25178 is a geometrical product specification standard and is to be regarded as a general
GPS standard (see ISO/TR 14638). It influences chain link 5 of the chain of standards on roughness profile,
waviness profile and primary profile and areal surface texture.
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IN

TERNATIONAL STANDARD ISO 25178-602:2010(E)

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

Part 602:

. _ o
ptobe) instruments

1| Scope

This part of I1ISO 25178 defines the design and metrological characteristics of a particular npn-contact
ingtrument for measuring surface texture using a confocal chromatic”/probe based on axial |chromatic
digpersion of white light.

2| Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the rfeferenced
dgcument (including any amendments) applies.

ISP 3274:1996, Geometrical Product Specifications (GPS) — Surface texture: Profile method —+ Nominal
characteristics of contact (stylus) instruments

ISP 4287, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Terms, definitions
and surface texture parameters

ISP 10360-1, Geometrical Preduct Specifications (GPS) — Acceptance and reverification tests for ¢oordinate
measuring machines (CMM)-— Part 1: Vocabulary

ISO/IEC Guide 99:2007 International vocabulary of metrology — Basic and general concepts and agsociated

tefms (VIM)

3| Terms-and definitions

Fgrdhe purposes of this document, the terms and definitions given in ISO 3274, 1SO 4287, 1SQ 10360-1,
|SEAEEC - Guide99=and-thefottowingappty:

NOTE Several of the terms given below are common to other types of instruments that use single point sensors and
lateral scanning.

© 1SO 2010 — All rights reserved 1
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3.1 General terms and definitions

311

coordinate system of the instrument
orthonormal system of axes (X,Y,Z) defined as:

— (XY) is the plane established by the areal reference guide of the instrument;

— the Z axis is mounted parallel to the optical axis and is perpendicular to the (X,Y) plane

NOTE Normally, the X-axis Is the tracing axis and the Y-axis Is the stepping axis.

3.1.2
measurement loop
closed chain which comprises all components connecting the workpiece and the chromatic probe (3.3.2), ¢.g.
the means$ of positioning, the workholding fixture, the measuring stand, the drive unit (3.2.3,ahd 3.2.4) and
the probing system (3.3.1)

See Figure 1.

NOTE The measuring loop will be subjected to external and internal disturbances which influence the measurement
uncertainty

Key

1 coordirluate system of the instrument
2 measurement loop

Figure 1 — Coordinate system and measurement loop of the instrument

313
real surface of a workpiece
set of features which physically exist and separate the entire workpiece from the surrounding medium

[ISO 14660-1:1999, definition 2.4]

2 © 1SO 2010 — All rights reserved
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3.1.4
real electro-magnetic surface
surface obtained by the electro-magnetic interaction with the real surface of a work piece

[1ISO 14406:—"), definition 3.2.2]

NOTE The real electro-magnetic surface considered for the instrument described in this part of ISO 25178 may be
different from the real electro-magnetic surface for other types of optical instruments.

3.1.5
primary-extracted-strface
finjte set of data points sampled from the primary surface

[1I90 14406:—"), definition 3.7]

3.1.6

measurement error

erfor of measurement

erfor

measured quantity value minus a reference quantity value

NOTE 1 The concept of “measurement error” can be used both

a)| when there is a single reference quantity value to refer to, whiehnoccurs if a calibration is made by means of a
measurement standard with a measured quantity value having“a negligible measurement uncertaipty or if a
conventional quantity value is given, in which case the measurement error is known, and

b)| if a measurand is supposed to be represented by a unique true quantity value or a set of true quantity values of
negligible range, in which case the measurement error'is not known.

NOQTE 2 Measurement error should not be confused with production error or mistake.
[IO/IEC Guide 99:2007, definition 2.16]

7

stematic measurement error.
tematic error of measurement
tematic error

ponent of measurement error (3.1.6) that in replicate measurements remains constant or Jaries in a
predictable manner

NOTE 1 A referefice’quantity value for a systematic measurement error is a true quantity value, or a measuied quantity
value of a measufemeént standard of negligible measurement uncertainty, or a conventional quantity value.

NQTE 2 <Systematic measurement error, and its causes, can be known or unknown. A correction (3.1.[I1) can be
applied te.compensate for a known systematic measurement error.

NQTEB  Systematic measurement error equals measurement error minus random measurement error (3.1.8).

[ISO/IEC Guide 99:2007, definition 2.17]

3.1.8

random measurement error

random error of measurement

random error

component of measurement error (3.1.6) that in replicate measurements varies in an unpredictable manner

1) To be published.

© 1SO 2010 — All rights reserved 3
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NOTE 1 A reference quantity value for a random measurement error is the average that would ensue from an infinite
number of replicate measurements of the same measurand.

NOTE 2 Random measurement errors of a set of replicate measurements form a distribution that can be summarized
by its expectation, which is generally assumed to be zero, and its variance.

NOTE 3  Random measurement error equals measurement error minus systematic measurement error (3.1.7).
[ISO/IEC Guide 99:2007, definition 2.19]

3.1.9
adjustmeht of a measuring instrument
adjustment
set of opgdrations carried out on a measuring system so that it provides prescribed indications corrésponding
to given values of a quantity to be measured

NOTE 1 |Types of adjustment of a measuring system include zero adjustment of a measuring system)-6ffset adjustmgnt,
and span adjustment (sometimes called gain adjustment).

NOTE 2 | Adjustment of a measuring system should not be confused with calibration, which is a prerequisite [for
adjustment]

NOTE 3 | After an adjustment of a measuring system, the measuring system must ustially be recalibrated.
[ISO/IEC Guide 99:2007, definition 3.11]

NOTE 4 | This is an operation normally carried out by the instrument«manufacturer because it requires specialized
equipment fand knowledge that users normally do not have.

3.1.10
user adjustment

(measuring instrument) adjustment of a measuring.instrument (3.1.9) employing only the means at the
disposal df the user

NOTE This is an operation normally carried out'\by the user. It involves the use of a measurement standard, usually
supplied with the instrument. The result of this operation automatically or manually adjusts certain parameters in order [for
the instrument to operate correctly.

3.1.11
correction
compensdtion for an estimated-systematic effect

NOTE 1 See ISO/IEC Guide-98-3:2008, definition 3.2.3, for an explanation of “systematic effect”.

NOTE 2 The compensation can take different forms, such as an addend or a factor, or can be deduced from a table.

[ISO/IEC (uide;99:2007, definition 2.53]

3.1.12
residual correction error

difference between the value of a quantity obtained after correcting the systematic measurement error
(3.1.7) and the real value of this quantity

NOTE The residual error is composed of random errors (3.1.8) and uncorrected systematic errors.

4 © 1SO 2010 — All rights reserved
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3.2 Terms and definitions relative to the lateral scanning system

3.21
lateral scanning system
system that performs the scanning of the surface to be measured in the (X,Y) plane

NOTE Typically, the lateral scanning system is composed of the drive unit X (3.2.3) and the drive unitY (3.2.4).

3.2.2

areal reference guide

CO DOITE O SAl S e relicre c OTTace ..1)mOVGS
relative to the surface being measured according to a theoretically exact trajectory

NOTE In the case of areal surface texture measurement instruments, the reference guide establishes @ reference
sufface (see ISO 25178-2). It can be achieved through the use of two perpendicular reference guides.(see 1ISO[3274:1996,
3.3.2) or one reference surface guide.

3.2.3

drjve unit X

cogmponent of the instrument that moves the probing system (3.3.1) or the-surface being measured along the
reference guide on the X-axis and returns the horizontal position of the measured point in terms df lateral X
coordinate of the profile

3.24

drjve unit Y

component of the instrument that moves the probing system or the surface being measured |along the
reference guide on the Y-axis and returns the horizontal {pasition of the measured point in terms df lateral Y
coordinate of the profile

3.2.5

lateral position sensor

caomponent of the drive unit that provides the latéral position of the measured point

NOQTE The lateral position can be .measured or inferred by using, for example, a linear encodg¢r, a laser
interferometer, or a counting device coupled.with a micrometer screw.

3.3 Terms and definitions:relative to the probing system

3.3

probing system

(stirface texture, confocal chromatic probe) components of the instrument called confocal chromatic probe,
cansisting of an optoelectronic controller, a fibre optic cable and a confocal chromatic objective

3.3.2

chromatic probe

dgvice that converts the height of a point on the surface into a signal during measurement, using thg confocal
chromatic dispersion of a white light source

NOTE Chromatic dispersion can be realized by using various optic configurations (see Annex B).

3.3.3

angular aperture

angle of the cone of light entering an optical system from a point on the surface being measured

3.34

half aperture angle

a

one half of the angular aperture (3.3.3)

© 1SO 2010 — All rights reserved 5
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See Figure 2.

NOTE

This angle is sometimes also called the half cone angle.

Key

L lens on
P focal p|
o half ap

3.3.5

optical system
Dint
erture angle

Figure 2 — Half aperture angle

numerical aperture

Ay
sine of the

AN =
NOTE 1

NOTE 2

half aperture angle (3.3.4) multiplied by the refractivesindex n of the surrounding medium
nsina

In air, n approximately equals 1 and can be oniitted from the equation.

For a chromatic probe (3.3.2), the numerical aperture is dependent on the wavelength of light. Typically

numerical aperture is specified for the wavelength focused at the middle of the vertical range (3.3.14).

3.3.6

confocal
surface (g
integrated
by the wa

[1SO 2517

3.3.7

chromatic microscopy

pography measurement method consisting of a confocal microscope with chromatic object
with a detection device’(e.g. spectrometer) whereby the surface height at a single point is sens
elength of light reflected from the surface

8-6:2010, 3.3.A4

achromatlic objective
objective that produces a single focus for all wavelengths of the transmitted light

j=2

e

ve
ed

3.3.8
objective

with axial chromatic dispersion

objective that produces a different focus along its optical axis for each wavelength of the transmitted light

3.3.9

light source
(chromatic probe) source of light containing a continuum of wavelengths in a predefined spectral region

NOTE 1

NOTE 2

The spectral region emitted by the source should be compatible with the spectral bandwidth of the detector.

Typically, this spectral region extends from wavelength values of 0,4 pm to 0,8 um.

© 1SO 2010 — All rights reserved
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3.3.10
light source pinhole

small hole placed following the light source (3.3.9), transforming the light source into a point light source

NOTE See notes in 3.3.11.

3.3.11
discrimination pinhole

small hole placed in front of the detector, providing depth discrimination on a beam reflected from the sample

surface by blocking defocused light

NOTE 1 The system contains two pinholes: the first one is the light source pinhole (3.3.10). It defines a small spot of
light that acts as the point light source for the instrument. The second one is the discrimination pinhole. |t limits the
transmitted beam to the part that is in focus on the sample surface and is reflected by it along the ,opticgl axis (see
Figure B.1).

NOQTE 2 In practice, the pinholes are obtained by using a fibre optic which provides spatial“discrimination|and allows
the optical head to be used away from the optoelectronic controller.

3.3.12

chromatic depth of field

digtance between the focal point of the shortest wavelength and the focal point of the longest wavelgngth of

the spectral continuum emitted by the source

NOQTE This definition differs from the typical definition for depthfof)field used in other optical systems,| such as a
copventional microscope.

3.3.13

working distance

(chromatic probe) distance measured along the optical axis between the element closest to the surface and
thé point on the surface located in the middle of.the vertical range (3.3.14)

3.3.14

vertical range

(chromatic probe) distance measured-between the focal point of the shortest wavelength and the fogal point of
the longest wavelength detected on the spectrometer

NOTE The vertical range depends on the chromatic depth of field (3.3.12) and on the spectral rgnge of the
spgectrometer.

3.3.15

optical pen

pdrt of a chromatic probe (3.3.2) containing the chromatic lens and located close to the surface during the
measurement

3.3.16

stray light signal

sig (3.3.11), sensed by the detgctor when
no S€

NOTE The stray light signal is generally captured during a calibration procedure in order to correct the
measurements.

© 1SO 2010 — All rights reserved 7
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3.4 Metrological characteristics of the instrument

3.41
metrological characteristic
MC

(measuring equipment) characteristic of measuring equipment, which may influence the result of
measurement

[ISO 14978:2006, definition 3.12]

NOTE 1 Calibration of metrological characteristics may be necessary.

NOTE 2 | The metrological characteristics have an immediate contribution to measurement uncertainty.
3.4.2
measuring volume

range of the instrument stated as simultaneous limits on all spatial coordinates measured by the instrument

NOTE For areal surface texture measuring instruments, the measuring volume is defined by

— the measuring range of the drive unit X (3.2.3) and the drive unit Y (3.2.4),

—+ the measuring range of the probing system (3.3.1).

343
hysteresis
property gf measuring equipment, or a characteristic whereby the indication of the equipment or value of the
characterigtic depends on the orientation of the preceding stimuli

<
Q

NOTE 1 |Hysteresis can also depend, for example, on the distance.travelled after the orientation of stimuli has chang
[ISO 14978:2006, definition 3.24]
NOTE 2 For lateral scanning systems, the hysteresis is'mainly a repositioning error.

344
responsej curve
Fo F, F,
graphical |representation of the function that describes the relation between the actual quantity and the
measured quantity

See Figure 3.

NOTE 1 An actual quantity in X (respectively Y or Z) corresponds to a measured quantity x,, (respectively y, or z;,).

NOTE 2 | The response curve can be used for adjustments and error corrections.

3.4.5
amplification—coefficient

&, o, o,

slope of the linear regression curve obtained from the response curve

See Figure 4.
NOTE 1 There will be amplification coefficients applicable to the X, Y and Z quantities.

NOTE 2  The ideal response is a straight line with a slope equal to 1 which means that the values of the measurand are
equal to the values of the input quantities.

8 © 1SO 2010 — All rights reserved
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Kgy
1 | response curve

2 | assessment of the response curve by polynomial approximation 4  input quantities

1

Figure 3 — Example of a‘fon-linear response curve

A

3 measured quantities

AN

Key

1 measured quantities
2 input quantities

3 ideal response curve

1 I Y . I |

4
5
6

<

2

linearized response curve
straight line whose slope is the amplification coefficient
local residual correction error before adjustment

Figure 4 — Example of the linearization of a response curve

© 1SO 2010 — All rights reserved
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3.4.6
instrument noise
internal noise added to the output signal caused by the instrument if ideally placed in a noise-free environment

NOTE 1 Internal noise can be caused by the electronic noise such as amplifiers.

NOTE 2  This noise typically has high frequencies which limit the ability of the instrument to detect small scale surface
texture.

NOTE 3  The S-filter specified in ISO 25178-3 can reduce this noise.

3.4.7
static noise
N,

S
combinatipn of the instrument and environmental noise on the output signal when the instrument is fot
scanning laterally

NOTE 1 Environmental noise is caused by, e.g., seismic, sonic and external electro-magnetic disturbances.
NOTE 2 | Notes 2 and 3 of 3.4.6 also apply to this definition.

3.4.8
dynamic poise
Ny
noise occlirring during the motion of the drive units on the output signal

NOTE 1 Notes 2 and 3 of 3.4.6 also apply to this definition.
NOTE 2 | Dynamic noise includes the static noise (3.4.7).

3.4.9
sampling|interval in X
D

X
distance Hetween two adjacent measured points.along the X-axis

3.4.10
sampling|interval in Y
D,
distance Hetween two adjacent measured points along the Y-axis

3.4.11
digitizatign step in Z
D

z
smallest height variation along the Z-axis between two ordinates of the extracted surface

NOTE 1 The, _height of a point is evaluated by searching for the position of the maximum peak on the spectromefter
curve. Althpugh the lateral resolution of the spectrometer is relatively small (small number of pixels), the digitization steq in
Z of the chrommaticprobe(3:3-2) s mproved-withthe useof sub=pixetatgorithms:

NOTE 2 Several algorithms may be used to detect the position of the maximum peak. The most likely ones are given in
Table 1.

10 © 1SO 2010 — All rights reserved
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Table 1 — Efficiency of detection algorithms

Algorithm Accuracy Speed

Simple detection of the pixel position of Poor High
maximum intensity

Fitting of a known curve (Gaussian, Good Low
Pearson, etc.)

Barycentre of the peak Good High

A3
th limit for full height transmission

[AMPLE 1 Measuring a grid for which the width of the grooves, #, isJgreater than the width limit for
nsmission, 7, leads to a correct measurement of the groove depth (seeigures 5 and 6).

[AMPLE 2 Measuring a grid for which the width of the grooves, 7, is smaller than the width limit for
nsmission, #,, leads to an incorrect groove depth (see Figurés 7 and 8). In this situation, the signal i
turbed and may contain non-measured points.

TE Metrological characteristics including
— the sampling interval in Xand Y,
— the digitization step in Z, and
— thefilter used

buld be adapted in such a way that they do not influence the lateral resolution and the width limit of
nsmission.

= W

Irement

full height

full height
5 generally

full height

Q
Y
Figure 5 — Grid with horizontal spacing
PU
VA - - ~ ~ ~ r
NN N N NN
© [\ \ \ N N

\
RV IRVIRVIRVERYERY.

X__

NOTE The spacing and depth of the grid are measured correctly.

©lI

Figure 6 — Measurement of the grid

SO 2010 — All rights reserved
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Figure 7 — Grid with horizontal spacing

NOTE

3.4.14

AR

The spacing is measured correctly but the depth is smaller (d’ < d).

\/\/\/\/\/

Figure 8 — Measurement of the grid

maximun) acceptable local slope

greatest Iq

EXAMPLE
lens (see H
the lens.

In Figure 9
illumination

When the
outside the)

EXAMPLE
angular dis
larger the 1

In Figure 1
reflected tq
measured

NOTE 1

cal slope of a surface feature that can be assessed by the’probing system

1 On a tilted mirror (specular reflection), the maximuny'slope is about equal to the half aperture angle of
igures 9 and 10). If the tilt angle exceeds this angle;-the light reflected by the surface will not be collected

R is a ray of light reflected towards the detector. R, is a ray of light reflected outside the lens. Only part of

he
by

he

rays will be reflected towards the detector, leading to a lower signal level compared to the reflection on a
non-tilted nirror. When the tilt angle approaches the half aperture angle, the signal approaches to zero (Figure 9).

plane mirror is tilted at an angle.greater than the half aperture angle ¢, all illumination rays will be reflec
lens (see Figure 10).

2 On a rough surface (diffuse reflection), the maximum slope is larger than the half aperture angle o
fribution of the scattered’light depends on the roughness and local slopes of the facets inside the spot size.
bughness, the morée.light will be scattered at larger angles from the specular direction.

1, the diffuse.refléction caused by the rough surface allows a certain percentage of the illumination rays to
wards the~detector while the main part misses the collection lens. This shows why larger slopes can
bn rougher, surfaces than on smoother surfaces.

The'term local slope is defined in ISO 4287.

NOTE 2

12

ed

he
he

be
be

The maximum acceptable slope is highly dependent on the workpiece roughness, the workpiece reflectivity
and the integration time used during the measurement.
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Kdy
P | plane mirror R, ray of light reflected outside the lens
N | axis normal to the plane mirror o half aperture angle
R, ray of light reflected towards the detector ¢ inclination angle
Figure 9 — Reflection from a mirror tilted at an angle smaller than the half aperture angle
Kgy
P | plane mirror o half aperture angle
N | axis normal to the plane mirror ¢ inclination angle
R4 ray of light reflected outside. the lens
Figure 10 — Reflection from a mirror tilted at an angle greater than the half aperture angle

Key
P rough plane surface o half aperture angle
N axis normal to the surface ¢ inclination angle

Figure 11 — Reflection from a rough plane surface tilted at an angle larger than the half aperture angle
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3.4.15
spot size
Wspot
maximum

NOTE 1

NOTE 2

lateral size of the projected image of the source pinhole

The spot size depends on the design characteristics of the system: numerical aperture (3.3.5), magnification,
light source pinhole diameter (3.3.10), diffraction and residual geometrical aberrations.

The spot size depends on the wavelength of light. Therefore it is not constant over the vertical height
measurement range.

NOTE 3
surface irrg

NOTE 4
because th
visible waV|
axis by a G
appearing

3.4.16
integratiq
T

|
time durin

NOTE 1
sample m3
source (3.

NOTE 2
spectrum {
processed
collected d

The larger the spot size, the coarser will be the lateral resolution and there will be more smoothing of
gularities.

he

The visible spot size appears to be much larger than the in-focus spot size of a monochromatic light begm

e human eye sees the envelope of the beam composed of in-focus and out-of-focus images formed by all
Elengths (see Figure 12). Since the wavelengths in white light are focused at different pointstalong the opti
hromatic lens, most of them are out-of-focus in the plane of the sample surface and henceCreate a spot s
isually larger than the in-focus spot diameter formed by a monochromatic light beam.
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Figure 12 — Caustic generated by all wavelengths

n time

g which the incoming light is accumulated (integrated) on the detector in the spectrometer

The longer the infegration time, the more light will be collected. A long integration time used on a bri

he
cal
ze

hht

y saturate the détector [the saturation depends on the reflectivity of the sample and the intensity of the light

3.9)].

The shortest integration time is usually limited by the speed of the detector (delay needed to transfer
ignal from the detector to the memory), the computation capability of the processor (the signal needs to
pefore the next cycle), the intensity of the light source and the detector pinhole size (enough light needs to
iring the interval).

he
be
be

NOTE 3

During the scan of a profile line, each data point is integrated over a segment along X whose size depends

on

the speed of the traverse unit and the integration time. The effective lateral resolution in X may be larger than the static
lateral resolution due to the movement.

3.4.17

measurement frequency

Jm

number of data points provided per second by the probing system (3.3.1)

NOTE 1

The measurement frequency determines the sampling interval in X (3.4.9) as follows:

Dx:Vx/fm

14
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where

D

X
VX
Jm

NOTE 2

ISO 25178-602:2010(E)

is the lateral sampling interval in X, in micrometres;
is the measurement speed in X, in micrometres per second;

is the measurement frequency, in hertz.

The measurement frequency cannot be larger than the integration frequency (i.e. the time between two data

points should be larger than the integration time plus the calculation time). However, a measurement frequency of 300 Hz
may be chosen with an integration frequency of 1 kHz (integration time of 1 ms), for example.

NOQTE 3 Integration time is used instead of integration frequency because it is related to an exposure fjme on the
defector. On the contrary, the term measurement frequency is used instead of measurement time becauge the user
selects a data rate in points/second, and because the term measurement time could be confused with the durption of the
whole measurement.
4| Summary of metrological characteristics
Metrological characteristics for areal surface texture instruments shall be/in accordance with Table 2 which
indicates the axes that are affected by deviations of metrological charactefistics.
Table 2 — Metrological characteristics
Component Element Metrological characteristics May Introduce
errgr along
Wspot spot size X,Yand Z
Optical pen Ay numerical apérture X, Y and Z
R lateral resolUtion X,YandY
C, heightradjustment coefficient Z
Pfobing o, height amplification coefficient Z
system Zuys vertical hysteresis z
Opto-electronic F Z
device , response curve
D, height digitization step Z
T integration time Xland Z
fn measurement frequency X
F.orF, response curves HorY
Positior(sensor o, or o, lateral amplification coefficients AorY
(linedr D,orD, lateral sampling interval AHorY
encoder, hysteresis of repositioning in X, between two adjacent X
micrometer XHys profiles
Screw ...) Yavs hysteresis of repositioning in Y Y
Vv, measurement speed in X Xfand Z
Lateral height component of the flatness of the movement in
Siann”]g Araal rafarance ZEL (X Y) the XY plane
sysiem quide (height | | Zeuyxy contains in partieular : z
component) ZSTR(X) height component of the straightness along the X-axis
ZSTR(Y) height component of the straightness along the Y-axis
Aper perpendicularity between X and Y axes XandY
Areal reference lateral component Y of the straightness along the X and Y
guide (lateral YSTR(X) X axis
component) lateral component X of the straightness along the
XSTR(Y) Y axis XandY
Ng static noise z
Instrument - -
Ny dynamic noise 4
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There ar
Y-axis dri
these ma
Table A.1

16

Classification of the different configurations

Annex A
(normative)

for areal surface texture scanning instrument

Table A.1 — Possible configurations for the lateral scanning system

fiall £ 4 E'S e o E'S 4 H H 4 4 + PR Y AV4 + P= ES
CoolIlildIly TUUT dopUTUlLo U a oUlTdULT TTAWUTT  oLdliiiTy ToltrultiCrit oy otTITT.  UIC /A"dAlTo UTIVT, U e

e, the Z-measurement probe and the surface to be measured. There are different ways in, which
be configured and thus there will be a difference between different configurations as explained|i

n

Drive unit

Two reference guides (X and Y)

One areal, reference guide

compdnent moving along

PX o CY2 PXoPY

probing system moving
along the X-axis and

probing system
moving along the X
and Y-axes
the Y-axis

CXoCY

component moving
along the X and
Y-axes

PXY.

probing systems
moving in the
XY plane

CXY

Component moving
in the XY plane

NOTE

For two given functions f'and g, f o g is the composite function of fand’g.

a

PX probing systems moving along the X-axis
PY ¢ probing systems moving along the Y-axis
CX|= component moving along the X-axis

CY | component moving along the Y-axis.
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Annex B
(informative)

General principles

ISO 25178-602:2010(E)

B.1_Basicprineiol

B{1.1 Principle of confocal microscopy

Canfocal microscopy (or confocal imaging) consists of:

— imaging the light source pinhole in a focused spot on the surface;
— imaging this spot onto the discrimination pinhole.

Fi

jure B.1 illustrates the optical principle of confocal microscopy.

Kgy

1| light source 5 workpiece

2 | light sourcepinhole 6 discrimination pinhole
3 | semi-transparent mirror 7 photo-detector

4 | achrematic objective lens

Beam focused on workpiece.

o o

Defocusedbean:

Figure B.1 — Principle of a confocal sensor

Such an optical system is characterised by the following features:
— the two pinholes are conjugate pinholes (confocal principle);
— the light passes through the objective twice (in opposite directions);

— the setup is coaxial.

© 1SO 2010 — All rights reserved
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A light beam emitted by the source passes through the light source pinhole and then is focused on the surface
with an achromatic objective lens. The beam reflected from the surface is sent back to a detector (generally a
photo-detector) through a discrimination pinhole which only transmits the light focused on the pinhole and not
the out-of-focus light surrounding the pinhole.

The detector will receive the maximum light intensity when the light beam is in focus on the surface.

The height discrimination provided by this device may be used as the surface height sensor of a surface
texture measuring instrument.

B.1.2 Fdcus-sensing confocal sensor

Figure B.7 illustrates the principle of measurement of height using focus-sensing.

Key

1  light squrce 5 warkpiece

2 light squrce pinhole 6 « discrimination pinhole

3 semi-tfansparent mirror 7.\~ photo-detector

4  achromatic objective lens 8 vertical displacement device

[}

Beam focused on workpiece.
Defocysed beam.

o

Figure B.2 — Principle of a focus-sensing confocal sensor

By moving the abjective lens along the vertical axis, the signal will be a maximum when the beam is focused
on the su*ace. Therefore, it is possible to detect the surface height by analysing the detector signal.

B.1.3 Principle of axial chromatic dispersion

In a chromatic optical system, the position of the image of any given point source depends on the wavelength
of the light beam. When the light beam is polychromatic, the chromatic optical system exhibits a continuum of
images corresponding to the spectral content of that beam.

Axial chromatic dispersion is a physical property inherent in all refractive, diffractive and gradient index optical
systems. Figure B.3 illustrates this property.
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2 imin Amax

Kgy
1 | point light source 2 chromatic objective lens

a | Focal distance of the shortest optical wavelength. ¢ Axial chromatic dispersion.
b | Focal distance of the longest optical wavelength.

Figure B.3 — Principle of axial chromatic dispersion

B{2 Confocal chromatic dimensional metrology

The measurement principle consists of two operations.

1) Performing a spectral encoding of the measurement space. This encoding is performed by|stretching
the axial chromatic dispersion of the illuminating beam in a controlled manner.

2) Performing a spectral decoding of the.reflected beam. This decoding can be performed, fof example,
by using a spectrometer.

1
o7

Mw
\l/

< ﬂ.max

Key

1 light source 5 workpiece

2 light source pinhole 6 discrimination pinhole
3 semi-transparent mirror 7  spectrometer

4  objective lens with axial chromatic dispersion

a  Beam focused on workpiece. b Defocused beams.

Figure B.4 — Principle of a confocal chromatic sensor

© 1SO 2010 — All rights reserved 19


https://standardsiso.com/api/?name=05daa0ac5a866592091905d154fb838a

ISO 25178-602:2010(E)

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

The relative height of the surface at any given point (x, y) 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
prodyce a peak in the Spectrometer curve (see Figure B.5);

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

b

/!

—

/
7

N
TTTTITTTT T T T T I TIT I I T I T TTIT T TTITT

L L@ T

Key
1 wavelgngth axis (pixels of the CCD in the spectrameter)
2 intensity axis (arbitrary units)

Q

Position of the focused wavelength.
Intensity of the peak.

o

Figure B.5 — Intensity peak on the spectrometer curve

The vertigal range of thevsensor (in the Z direction) is equal to the axial chromatic dispersion observed
between the shortest'and longest wavelengths by the detector. This type of sensor is able to achieve vertig¢al
ranges of|relative Surface texture heights from several tens of micrometers to several millimetres, dependipng
on the objective.lens.

Since the |sensor measures the height at a single point on the workpiece, it is possible to use it to measurg a
profile or a surface. It will be necessary to scan in X to get a profile and in X and Y to get an areal topographic
image.

Since this sensor does not include any vertical scanning device, the motion noise generated by the sensor is
smaller and the measurement faster than in single point focus-sensing confocal systems.

The width of the spectral peak is determined by the size of the pinholes, the numerical aperture of the
chromatic objective and the amount of chromatic dispersion.
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B.3 Features of an areal surface texture measuring instrument

B.3.1 General

Surface texture measuring instruments enable the assessment of quantities in X, Y and Z from which areal
surface texture parameters are calculated (see Figure B.6).

M Adjustment

disturbances

data

Measurement Correction of
XY Z Extracted . Correfted
Real surface orX, Y, EE— i systematicy —— y
(extraction) surtace error. surfgce

Remova| of the
S-F Surface\N+—— S-Filter nominaj form
(F operption)

Areal parameters

| L-Filter

-

igure B.6 — Typical measurement method applied to an areal surface texture measuring ingtrument

Qdantities in X and\Y characterize the lateral position of the measured point. The quantity Z characferizes the
hgight of the méasured point.

THe knowledge of these three quantities allows the calculation of various areal surface texture parameters.

B{3:2) Confocal chromatic probe areal surface texture measuring instrument

An areal surface texture measuring instrument is composed of a lateral scanning system and a probing
system.

A chromatic probe areal surface measuring instrument uses a non-contact probing system which is based on
the confocal chromatic dispersion optical principle for determining surface heights.

This type of instrument is also able to perform profile measurements. The range of height measurements

usually only allows measurements of surface texture on flat or slightly curved workpieces; typically, the height
measuring range is less than a few millimetres.
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B.3.3 Measurement process

A typical areal surface texture measuring instrument uses the following measurement process:

— the probing system performs profile acquisition through continuous measurement along the X-axis over a
length /,;

— after the profile has been measured, the probing system returns to its starting position (see below);

— the perpendicular drive unit along the Y-axis steps by one sampling interval distance along the Y-axis:

— these

operations are repeated until the measurement is completed;

— the raw surface is then obtained. It contains » profiles separated from each other by the! Y.’sampli

interv

It is also
may be s
check tha
typical prg

Recommsd

al, each profile containing m points separated by the X sampling interval.

ossible to perform the measurement without reversing the probe after each prefile. The next prof
anned in the opposite direction compared to the previous scan. In this caseyit is recommended
the repositioning hysteresis is compatible with the admissible measurement’uncertainty. Howev
bing systems are generally designed for measuring in only one direction.

ndations for choosing evaluation areas and sampling distances arefound in ISO 25178-3.

B.4 Comparison of instrument characteristics for the stylus and the chromatic prok

The chror

natic probe has many similarities with a contact probé’ such as the stylus. Measurement protoc

are kept the same, the instrument needs to move the warkpiece or the sensor to generate a profile of

topograph
similar co

The accu
and the ¢l
instrumen

Table B.1

ic image. Concepts such as stylus tip, cone angle, mechanical filtering, etc. can be compared w
ncepts for a chromatic probe.

acy of measurement and the vertical resolution are of the same order of magnitude for the sty
nromatic probe. Therefore, a number.of International Standards originally created for contact sty
Es are suitable for instruments equipped with chromatic probes.

compares the characteristics.of a traditional pivoting contact stylus probe and a chromatic probe.

ng

ile
to
Br,

Table] B.1 — Comparison.of metrological characteristics for the stylus and the chromatic probe
Stylas Chromatic probe
rip:  Tip|radius Wspot:  Analysis spot diameter
o Conical angle AN: Numerical aperture
L: Length
D: Working distance
H: Heilght
Vertical range Chromatic depth of field
A (A4): Light source wavelength (spectral bandwidth)
F: Response curve F,: Response curve
o Amplification coefficient o Amplification coefficient
znys. Hysteresis
Jy: Lateral component of the pivot tracking error
D, Vertical digitization step D,: Vertical digitization step
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B.5 Non-measured points (missing data)

Each time the sensor is not able to assess the Z position of a point on the surface, the point is marked as
“non-measured” (i.e. no information is provided for this point).

A non-measured point is usually generated when the processing unit cannot identify any peak in the spectrum,
i.e. in one of the conditions given in Table B.2.

Table B.2 — 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 Increase the integration time [or
too low increase light source power

The workpiece is too shiny The intensity of the reflected light is Decrease the integration tim¢ or
too high and saturates the detector decrease light'source power

The local slope is too high Most reflected light is sent outside the |None
pinhole in front of the detector

Qut of range The peak is on the edge of the None
spectrum or outside the pinhole in front
of the detector

NOQTE Non-measured points may also be reconstructed by an interpolation technique (this subject is to pe covered

byla document in the ISO/TS 16610 series).

B{6 Outliers

Outliers are bad points generated when the sensor misinterprets the spectrometer data.
THis may happen, for example, in the follewing cases:

—{ steep slopes;

— sudden height transition (step);

— semi-transparent particles;

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

— spurious focus caused by surface curvature;

— heterogeneous surface conditions within the spot size.

These outliers usually appear as positive or negative peaks around step-type transitions, ¢r around
non-measured areas.

These points should be eliminated or corrected before proceeding to a calculation (roughness parameter).
They sometimes explain deviations observed in surface parameters when comparing with a stylus
measurement.
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B.7 Measurement of transparent materials

The chromatic probe generates one intensity peak on the spectrometer for the focused wavelength. If more
than one wavelength is focused in the range of the detector, such as in the case of a transparent layer, it is
possible to identify the position of the two (or more) peaks.

Figure

The condi
the range
optical thi

Instead of
interface).
etc.).

\ |

-

C

~—~— | /|

al a2

tkness smaller than 1 mm.

B.7 — The two interfaces of a transparent layer are detected (the horizontal axis represents|
the distance to the surface, the vertical axis represents the intensity of the reflected light)

tion for detecting two interfaces of a transparent materialtis that the optical thickness is smaller than
of the sensor (see Figure B.7). For example: with a_1.@m range sensor, it is possible to measure pn

detecting the two interfaces, it is possible to.retain only one of the two (for example the second
This ability allows the sensor to measure topography below a transparent layer (a film of oil, varnish,

24
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