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ISO 25178-700:

Foreword

2022(E)

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.

TH

dgscribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriateéed
different types of ISO documents should be noted. This document was drafted in accordance
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atfftention is drawn to the possibility that some of the elements of this documend may be the
pdtent rights. ISO shall not be held responsible for identifying any or all such patent rights.
anly patent rights identified during the development of the document will'be’in the Introducti
or] the ISO list of patent declarations received (see www.iso.org/patents).

C

A;Ily trade name used in this document is information given for the ‘convenience of users and

nstitute an endorsement.

Fdr an explanation of the voluntary nature of standards,»the meaning of ISO specific t{
expressions related to conformity assessment, as well as information about ISO's adhg
the World Trade Organization (WTO) principles ifi’the Technical Barriers to Trade (1
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 213, Dimensional and geometric
specifications and verification, in collaborationwith the European Committee for Standardizat
Tegchnical Committee CEN/TC 290, Dimensional and geometrical product specification and verif|
adcordance with the Agreement on technical cooperation between ISO and CEN (Vienna Agre

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

C

Ajly feedback or questions onthis document should be directed to the user’s national standart

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

le procedures used to develop this document and those intended for its further maintelLance are

bd for the
with the

subject of
Details of
bn and /or

does not

brms and
brence to
'BT), see

1l product
on (CEN)
fcation, in
bment).

Is body. A
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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 links E, F and G of the chains of standards on profile
surface texture 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

documen

For more

1 +] H . FEpgn |
y, UITITS S ULTHITT WIST TIIUIC ALTU.

model, see Annex A.

In the GP

S concept, the design values of geometric parameters on workpieces and theirtolerances 4

compared with the measurement of those parameters on the corresponding manufactuied workpied
and theirf associated measurement uncertainties. For a reliable result it is therefore necessary

calibrate

This doct

topograp
metrolog

the measurement instrument involved in this process.

hy measuring instruments, using material measures traceable to the' meter through a nation
y institute or qualified laboratory, see ISO/IEC Guide 99:200%, 2.41. Default methods 4

recommended when no other calibration procedures have been clearly defined.

This dodqument describes the calibration (see ISO/IEC Guidé 99:2007, 2.39), adjustment (s

ISO/IEC
topograp

hy measuring instruments.

The calibration of an instrument’s metrological characteristics enables the verification of t

instrume|
This also

nt’s specifications when the specifications@re based on these metrological characteristi
enables the comparison of systems of different manufacturers that may be based on differg

measurement principles.

The metiological characteristics capture-all of the factors that can influence a measurement resi

(influenc
estimate

b quantities) and can be propagated appropriately through a specific measurement model
measurement uncertainty.

Calibratign is a part of the determination of the overall uncertainty of measurement. The complg

evaluatio

I of measurement uncertainty may include other factors such as operator variability, changi

environmental influences, theeffects of thermal and mechanical stresses on the sample part and oth
factors that are not accounted for in the instrument calibrations.

Alternati
the capal
Example
emission

Vi

ve calibration techniques to the defaults given here are equally acceptable, depending

technigques include those based on an independent realization of the meter using a natut
wavelength, the value for which has been established with a known uncertainty.

detailed information of the relation of this document to other standards and the GPSmatri

iment specifies default procedures for the calibration, adjustment-and verification of surface

al
re

ce

Guide 99:2007, 3.11) and verification (see ISO/IEC)>Guide 99:2007, 2.44) in general for

he
CS.
nt

pn

ilities of the instrumentation and provided those alternatives have clear traceability paths.

al
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INTERNATIONAL STANDARD ISO 25178-700:2022(E)

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

Part 700:
Calibration, adjustment and verification of areal
topography measuring instruments

1| Scope

This document specifies generic procedures for the calibration, adjustment and verification of
metrological characteristics that areal topography measuring instruments-have in common,|as stated
in|ISO 25178-600.

Because surface profiles can be extracted from surface topography images, most of the|methods
dgscribed in this document can be adapted to profiling instruments.

Instrument-specific issues are not covered by this documenty*For example, for instruments|based on
megchanical probing where the probe follows an additional arcuate motion, additional meapures are
specified in ISO 25178-701.

=

This document does not include procedures for aféea-integrating methods, although thoseg are also
stated in ISO 25178-6. For example, light scattering belongs to a class of techniques known as area-
infegrating methods for measuring surface topography.

2| Normative references

The following documents are reféryed to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
urjdated references, the latestiedition of the referenced document (including any amendments) applies.

ISP 25178-600:2019, Geometrical product specifications (GPS) — Surface texture: Areal — [Part 600:
Metrological characteristics for areal topography measuring methods
3| Terms and-definitions

Fdr the pufposes of this document, the following terms and definitions apply.

ISP adJEC maintain terminology databases for use in standardization at the following addresses:

ol aWWa Ve 1 H 1oL 2lolal e lod L/ : /o1
- TOU VT DI'UOWSIIT S PIAUUTNIL. dAVAdIIdUIT dULILLPS. /7 VW VW VW.1S5U.UT 5/UU D

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

3.1
non-measured points
surface locations for which no valid measured values exist

Note 1 to entry: The handling of non-measured points is specified in 6.3.

Note 2 to entry: Non-measured points may be caused by a feature of the measuring instrument or by a defect on
the surface of the measurement standard which is outside the range of the instrument.

©1S0 2022 - All rights reserved 1
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3.2

spurious data

data that have been qualified as measurable by the measurement principle but deviate significantly
from a reasonable value range, based on a priori knowledge

Note 1 to entry: Spurious data may relate to single points or a small group of points that have been classified as
measurable by the measurement instrument. They are identified as spurious data by determining their values
to be unlikely based on a priori knowledge about both the expected surface and the instrument, or simply by
defects and contamination on the surface. Spurious data may appear as outliers or spikes.

sources,
surface. S

interaction between the surface and instrument, or simply by defects and contamination of){
urious data may appear as outliers or spikes.

Note 3 to ¢ntry: The handling of spurious data is specified in 6.4.

3.3
measurement noise
Ny
noise added to the output signal occurring during the normal use of the instrument

[SOURCE{ ISO 25178-600:2019, 3.1.15, modified — Notes to entry removed.]

3.4
instrument noise
Ny
internal noise added to the output signal caused by the instrument if ideally placed in a noise-free
environnjent

[SOURCE] ISO 25178-600:2019, 3.1.14, modified — Notes to entry removed.]

3.5
z-linearity deviation
l

z
maximum local linearity difference between the line from which the amplification coefficient is derived

and the response function
[SOURCE] ISO 25178-600:2019, 3.1.1%-modified — Term revised and note to entry removed.]

3.6
instrument transfer function curve

fITF

curve degcribing an instriiment’s height response as a function of the spatial frequency of the surface
topography

[SOURCE{ ISO 251%78-600:2019, 3.1.19, modified — Term revised and notes to entry removed.]

3.7
topographyfidelity
Ty .
closeness of agreement between a measured surface profile or measured topography and one whose
uncertainties are insignificant by comparison

[SOURCE: ISO 25178-600:2019, 3.1.26, modified — Note to entry removed.]

4 Symbols and abbreviated terms

The metrological characteristics for areal topography measuring methods and associated symbols
and abbreviated terms are defined in ISO 25178-600. Table 1 contains a list of these metrological
characteristics.

2 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=322b0c6fb8ab69a451eaa9e3818b8af8

ISO 25178-700:2022(E)

Table 1 — List of metrological characteristics for surface texture measurement methods?

Main potential error
Metrological characteristic Symbol Clause and figure in ISO 25178- along
(and clause in this document) y 600:2019 containing definition (IS0 25178-600:2019,
3.1.2)
Amplification coefficient (6.7) @y, a, a, 3.1.10 (Figure 2) XYz
Linearity deviation (6.8) Lu1,1, 3.1.11 (Figure 2) Xz
Flatness deviation (6.6) Zpir 3.1.12 z
Measurement noise (6.5) Ny 3.1.15 z
Topographnic spatial resolution (0.11) WR 3.1.20
x-y mapping deviations (6.9) A (xy), Ay(x,y) 3.1.13 X7
Topography fidelity (6.12) Tgy 3.1.26 X ylz
N(QTE 1 Depending on the measurement application, other axis motion errors (see ISO 230-1, ISO 10360-7 and ISO 10360-8) can also be significant but are
noft listed here for surface texture measurement.
NQTE 2 The maximum measurable slope is an important limitation to be specified for a surface topography measurementjinstrument. Howevef, users do not
nefed to measure this parameter unless it is part of a measurement model.
a Adapted from ISO 25178-600:2019, Table 1.

5| Calibration, adjustment and verification of an instramient

5.1 General

This document defines default methods for calibration.It also specifies the general principle for
adjustment, verification and determining performangcéyspecifications, see Figure 1. Other| methods
uged for calibration shall meet the requirements as specified here and shall be specified.

If[no adjustment is necessary, the initial calibration constitutes the verification. In this|case the
calibration result contributes to the measurement uncertainty calculation.

If pdjustment is done, verification may be done by a subsequent calibration after adjustment.

calibration adjustment verification performance
e Estimation of o ‘Correction of ¢ Test _Of the specificationt
metrological systematic errors Val_ldlty_Of e Specificatiqn of
characteristics calibration and instument
adjustment characteristics
NOQTE The white arrow indicates the possible subsequent comparison with specifications.

Figure 1 — Flow chart of calibration, adjustment and verification procedure

NQTE 1¢s>Determination of the metrological characteristics is not intended to assess the errors ¢lue to the
calibration and computational algorithms. These algorithms can be verified using software measurement
standards, see ISO 25178-71 and ISO 25178-72.

NOTE 2  Performance specifications are typically provided by instrument manufacturers.

5.2 Methods for calibration, adjustment and verification

In this document, methods are defined for noise (6.5), flatness deviation (6.6.2), amplification
(6.7.2), linearity deviation (6.8.3) and x-y mapping deviations (6.9.2). For each of these metrological
characteristics a method for the determination of its value is defined. Depending on the characteristics
these methods can be used both to calibrate and to verify after adjustment.

No default methods are defined for perpendicularity of the instrument z-axis with respect to the x-y
areal reference (6.10), topographic spatial resolution (6.11) and topography fidelity (6.12).

©1S0 2022 - All rights reserved 3
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5.3 Instrument calibration procedure

531 C

alibration by measurement standards

The default procedures all include the use of material measures. Calibrated measurement standards,
as defined in ISO 25178-70, shall be used during the determination of the metrological characteristics
of the instruments. The deviation from the values stated in the calibration certificate shall be recorded
and the uncertainty of the calibration values shall be taken into account. The measurement standards
(calibrated material measures) shall be selected by taking into account the characteristics of the surface

to be mea

sured

NOTE 1
instrumern

NOTE 2

5.3.2 H

ts in ISO 25178-701:2010, 5.2.1.2.

Optical flats do not need to be calibrated for the determination of noise as specified in6.5.

andling of defects on material measures

Measurement standards without defects should be selected as a first preference./In all cases, howev

the possi
physical

in accord
selected 1
distinctid
atask on

For brev
certificat

NOTE

bility of surface defects (in the sense of ISO 25178-73:2019, 3.1.2),shall be addressed whe
measurement standard is used for calibration tasks. Defects shall-be identified or describ
ance with ISO 25178-73:2019, 3.2. Measurement records shall*include a statement on t
esponse to any encountered surface defects (ISO 25178-73:2019, 3.3), paying attention to t

a defective standard, that standard shall not be used for that task.

ty, such defect-response statements may refer to" procedures stated on the calibrati
e of the measurement standard or other suitable‘documentation from the supplier.

The supplier of the defective measurement standard will possibly be able to supply an alternat

calibration certificate and/or associated measurement procedure that are compatible with the observed defed

allowing v

533 M

alid measurements to be planned withoutaepair or replacement of the standard.

feasurement procedures for calibration with measurement standards

Measuremment procedures specified aon'the calibration certificate of the measurement should be adher

to as clos

534 (

Determin
and each
to workil
configurg

Calibratiq

bly as possible while using it for the determination of metrological characteristics.

alibration conditiens

ation of the metrological characteristics shall be performed for each individual instrumg
instrument §etup (configuration) used in practice. Environmental conditions shall be simil
1g conditions for subsequent measurement activity for that instrument. The selection a
tion of evaluation software shall be the same as that used in practice.

n for‘determining instrument specification shall be done under documented measuremgd

condition

The requirements for the material measures are described in ISO 25178-70 and for contact (styl\lls)

e,

a
ed
he
he

n between effective and ineffective defects. If it is not passible to plan valid measurements for

pn

ve
ts,

9%
Q.

nt
ar
hd

nt

s and these conditions shall be reported (see ISO/IEC 17025:2017, 6.3).

NOTE

EXAMPLE

The instrument setup (configuration) is generally application specific.

Examples of different setups (configurations):

— use of objective lenses with different magnifications;

— use of different stylus tip radii;

— use of different scanning directions;

— use of different scanning speeds;

— differ

ent environmental conditions, such as a significantly different temperature.

© IS0 2022 - All rights reserved
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6.

ISO 25178-700:

Determination of the metrological characteristics of the instrument

1 General

2022(E)

The metrological characteristics of the instrument that may influence the measurement result and the
evaluated measurement uncertainty shall be determined:

— within the measurement volume defined for the intended application;

— atdifferent positions within the measurement volume, if applicable;

— according to an agreed or accepted measurement scheme;
— for different scanning speeds or directions, if applicable.

Géneral measurement schemes are given in the following clauses and more detailed mea

SC

6.
M

thle metrological characteristics and shall be reported. Potential disturbances, such as acous

vi

NQPTE1 Examples of instrument settings and environmental conditions include: ten
midity; internal illumination configuration; scan increment; scan speed for scanning instruments (see

hu
IS

NQTE 2 Example phrases for qualitative reporting include “No vibrations or strong vibrationg

di

6.

By default, no interpolation and filling /of non-measured points within the relevant areas is a
the determination of the metrological characteristics. However, if interpolation and filling i
shall be reported. Measurements for which a significant number of the points are non-fneasured
shiould be discarded. Interpelation or other mathematical algorithms shall not change the stat

it
m

6.

6.

6.

hemes may be specified for each measuring principle.

2 Reporting of the measurement conditions

basurement conditions, relevant instrument settings and envirefmental conditions may

bration or lighting conditions, shall be reported but may be described qualitatively.

D 25178-604:2013, 2.5.12 and 2.5.13).

sturbance by external illumination”; see also 6.5.2}

3 Handling of non-measured points

pasured points to measured points.

4 Handling of spurious data and outliers

5~ Metrological characteristic: measurement noise, Ny, and instrument noise, |

surement

influence
tic noise,

perature;

[

and “no

bplied for
5 applied,

s of non-

Dé¢pending on_a priori knowledge and later applications, spurious data within the region (iliinterest
shiould be remeved from the measured points and should be treated in the same way as non-
pdints, as$pécified in 6.3.

easured

Vi

5.1 General

The instrument noise is the minimum achievable noise under the most ideal circumstances.

Evaluation of instrument noise shall be performed under the best conditions for the characterization of

in

strument performance, see [SO 25178-600.

For some instruments, instrument noise cannot be completely separated from other types of
measurement noise because the instrument only acquires data while moving. If so, any measured noise
includes a dynamic component. See also static noise (ISO 25178-600: 2019, 3.2.6) and dynamic noise
(ISO 25178-600: 2019, 3.2.7).

©
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6.5.2 Determination of measurement and instrument noise: application of filters or operators

In applications where filters or operators are used, the measurement noise determination should
proceed under the same filter conditions as those used for measurements. The used filters with the
applied nesting indices and the used operators shall be reported.

A quantitative statement of measurement noise shall include any filters that may influence the spatial
frequencies over which the noise is determined.

An instrument noise specification shall include the relevant data acquisition time, the number of

independentdatapointsandany spatial ortemporal Hlters that may influence the spatial froguencies

.............................

over whig¢h the noise is determined (see Reference [19]).

NOTE The S-filter as a low-pass filter reduces the noise but can affect the topographic spatial resplution] if
this resolytion is limited by the lateral sampling. When estimating the noise for the highest lateral xesolution| it
can be preferable to perform measurements without applying an S-filter.

EXAMPLE In a specification sheet a quantitative statement of instrument noise can be indicated as follows:
full measyrement area, 1 s data acquisition (at 10 averages per second) and a 3 x 3 pixel median filter.

6.5.3 Determination of measurement and instrument noise: material measures for instrument
and measurement noise estimation

The defaylt material measure for instrument noise determination should be one that:
— is compatible with the instrument measurement principle;

— has alsmooth and flat surface;

— has surface properties that give an optimum signal-to-noise ratio.

By default, this material measure shall be optically\aligned so that a minimum measurement range|of
the instriiment is used. Material measures with~an antireflection coating for optical measurements
or those [causing stick-slip during mechanical measurement may not provide an optimum signal-fo-
noise ratjo. Other types of surfaces can alsolbe used if specified. For example, a minimum amount|of
roughnegs may be required for measurement principles such as focus variation microscopy.

The evalpation of the measurement-tioise is best performed on the surface to be measured onl a
workpiece under inspection or-on/a representative sample with similar surface features to the
workpieck surface.

EXAMPLE Type AFL material measures as defined in ISO 25178-70 can be used for the instrument nojse
evaluation].

6.5.4 Determination of measurement and instrument noise: procedure for the determination
of measurementhoise

6.5.4.1 |General

The subtraction method, 6.5.4.3, is the default method for determination of measurement noise of areal
measuring instruments.

6.5.4.2 Assessed parameter

The assessed parameter is Ny; according to Formula (1) or (3).

6.5.4.3 Estimation of measurement noise by the subtraction method

The default method for the determination of measurement noise is the measurement of a material
measure according to 6.5.3, which shall be measured twice at the same location with the shortest
possible time difference between the two sequential measurements. The two measured topographies

6 © IS0 2022 - All rights reserved
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are subtracted from each other. Ideally this makes the result independent of the exact topography of
the material measure, such that no filtration nor any further form removal of the material measure is
required. The vertical drift and any drift in the surface tilt can be eliminated by removing a least-
squares plane from the measurements or from the measurement difference. The measurement noise

Ny, is the root mean square (RMS) of the remaining differences divided by V2.

The measurement noise is determined in practice by calculating the RMS height S, (or R, for profile
measurements), as defined in ISO 25178-2, of the difference of two maps. The noise is then obtained by
dividing this S, value by V2. Sqis assessed on the S-L or S-F surface, as appropriate. The nesting indices
should be as close as possible to those nesting indices used afterwards for measurements.

Fdr scanning point sensors, the instrument noise shall be determined accordingly tly profile
measurements or scanning areal measurements, depending on the application.

NOTE1 A mathematical description of the subtraction method for estimating the meastrement noise is given

in[Formula (1).

Mot =~ Sq (21 (x,9) = 72 (x, )= %J%H (71 (6,) 22 (x,))* &K @
A

whnere

Ny is the measurement noise;

S is the root mean square height;

A is the measured area;

z,  isthe topography result from the firstméasurement;
z,  isthe topography result from thesecond measurement.

NQTE 2 A mathematical description of the procedure for uniformly spaced discretely sampled datalis given in

Formula (2).

1 1 MY 2
Ny =—= ZZ(Zl(X"J’k)‘ZZ(X"J’k)) (2)
)) ))
V2NN Y j=1k=1
where
Ny is\the measurement noise obtained by the subtraction method, taking two measyrements;

N, , Ng)* are the number of data points in the x- and y-directions, respectively.

NQTES ¥ The division by V2 accounts for the fact that each of the two measurements contributes td the noise.

NOTE 2 Although the description of INStrument noise in 150 25178-701 (there specified as dynamic noise)
refers to contact (stylus) instruments, that concept is now generalized in this document as measurement noise
for all scanning point sensors.

For instruments that acquire data by scanning through a range of surface heights, for example CSI
and confocal microscopes, the data acquisition time may be expressed as a height-scanning rate, for
example 10 pm/s.

NOTES5 The terms “vertical resolution”, “surface height resolution” and similar are sometimes found in
technical literature and in instrument brochures. “Vertical resolution” refers qualitatively to the smallest

variation in surface height in a topography that can be meaningfully measured.[22]

©1S0 2022 - All rights reserved 7


https://standardsiso.com/api/?name=322b0c6fb8ab69a451eaa9e3818b8af8

ISO 25178-700:2022(E)

6.5.4.4 Estimation of measurement noise by the averaging method

To obtain a stable noise estimate, and to enable an assessment of the noise stability, the object
is measured several times (n, n = 3) at the same location with the shortest possible time difference
between the repeated measurements. The time required to acquire the signal data for each individual
measurement (defined as the ‘data acquisition time’) shall be reported, as well as any filtering that
alters the noise value. The measured topographies are averaged, and this average is subtracted from
each measurement. Ideally this makes the result independent of the exact topography of the material
measure such that no filtration nor any further form removal of the material measure is required. The
vertical drift and any drift in the surface tilt can be eliminated by removing a least-squares plane from
the indiv[dual measurements. The RMS of the differences with the mean, corrected for the degrees]of
freedom,fis the measurement noise obtained by averaging Ny;.

NOTE 1 | Mathematical description of the procedure for uniformly-spaced discretely sampled data’is‘given|in

Formula (B).

2
2111\/1\/ 2] 12k1 i (X7 v)= 7m (x,01)) zllq(z (®Y)—2zy (x,¥))

N = n-1 n—-1 %)
where
Ny is the measurement noise obtained by the subtractiofitmethod, taking n measurements;
Ny, N, arethe number of data points in the x- and y-directions, respectively;
q is the root mean square height as defined in.JSO 25178-2;
Z; is the ith topography measurement;
Zm is the mean value of the z-coordinates of the n measurements.

NOTE2 |For n = 2, Formula (3) gives thé€,same result as Formula (2), noting that for this cgse
m (X, Y)EY2(z1 (x,¥)+2,(x,y)). The defivation is given in Reference [23].

NOTE 3 | If the instrument does not enable access to individual data points or the subtraction of topographigs,
but enablgs averaging of topographies, then the following Formula (4) can also be used:

-n- 22 X,
- 2,161 n))_1 Sq(zm (x,5)) "

Ny |is thesmeasurement noise obtained by the averaging method;

S iS-the root mean square height as defined in ISO 25178-2:

q
z;  isthe ith topography measurement;
Z, isthe mean value of the z-coordinates of the n measurements.
See 6.5.4.3.
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6.5.4.5 Determination of the stabilized measurement noise by the subtraction method

[f the noise is determined from pairs of measurements as in Formula (2), this noise measurement should
be repeated p = 3 times; the measurement noise can be approximated by Formula (5).

_ 1 5
Ny = > iy Vi (5)

where

IVM is the stabilized measurement noise obtained by the subtraction method;

Ny,

1

T
o
©

is the ith measurement of the measurement noise each as performed accordingto 6.

p is the number of pair combinations.

Wihen all possible pair combinations from n (n even) measurements are takén;’Formula (6)[gives the

sajme result as Formula (3).

The noise stability is given by the determination of the standard deviation of the noise values[Ny;;.

NQTE1 The repeated measurements only stabilize the noise value without reducing it.

NQTE2 The recording of the noise stability can show non;periodic environmental influenceg or time-
dependent influences.

6.5.4.6 Determination of the stabilized measuremient noise by the averaging method

Fdr recording the stability of the noise estimatior.the measurement should be repeated at l¢ast three
times (n = 3), and the measurement noise as a function of the measurement number i is determined by

Fdrmula (6).

NMi:Sq(Zi(X'.y)_Zm (X,_Y)) (6)

V1-n1

is the ith measutement of the measurement noise;

S is the rootntean square height as defined in ISO 25178-2;

is the.itWmeasurement;

isthe mean value of the z-coordinates of the n measurements.

NQTEA \ " The repeated measurements only stabilize the noise value without reducing it.

N("T‘E") Tha vrocording of tha noten ot hiliby ~an chovy noan oo dics anviranaantal 1 fliinynang or time_
T T T ECorams—0r =

THE— OIS C—StaoTirty ot oovy ot p ottty i oo rrcat T o crces

dependent influences.

If the instrument does not enable access to individual data points and/or does not enable the subtraction
of topographies, but enables averaging of topographies, and S(z,(x,y)) > Sy(z,,(xy)) for everyi=1..n,
then Formula (7) may also be used.

S (21 (%,¥))=S42 (2 (X,
Ny = (|2 (z (x yi)_n_(1 (Zm (x,¥)) )
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where

is the ith measurement of the measurement noise each as performed according to 6.5.4.4;
S is the root mean square height as defined in ISO 25178-2;
is the ith topography measurement;

is the mean value of the z-coordinates of the n measurements.

NOTE 3 [Formula 7] 15 also am approxXimation and carr stigitty vary fromr tireabsotute vatues of Formuia {p),
but the stgbility is monitored just as effectively.

6.6 Determination of flatness deviation

6.6.1 (eneral

The flatnpss deviation zg; 1 is defined in ISO 25178-600 as the deviation of the meaSured topography|of
an ideally flat object from a plane.

A flatnes$ specification shall include any spatial filters that may influence‘the spatial frequencies over
which th¢ flatness is determined (see Reference [19]).

6.6.2 Material measure for determination of flatness deviation

A flat mepsurement standard, preferably optically smooth, shall be used for the determination of the
flatness deviation.

The meaqurement standard does not need to be optically smooth if the measurement principle requires
a certain [texture to yield results.

EXAMPLE Type AFL defined in ISO 25178-70.

6.6.3 Procedure for determination of flatness deviation

Before mg¢asurement acquisition, thesmeasurement standard shall be mechanically levelled with respgct
to the cogrdinate system of the instrument (see 6.7.2.2). The assessed parameter for flatness deviatipn
Zgyr Is S, as defined in ISO 25178-2, where normally the S-L or the S-F surface is taken, with the leapt-
squares qurface as default reference. The S, parameter is equivalent to the parameter FLTt(LSPL) fas
defined in ISO 12781-1.

QO

6.6.4 Improvementof flatness deviation estimation

For the ithprovement of flatness deviation estimation, the measurement standard should be measurgd
at severa| lateral locations on the specimen. Systems with limited positioning capabilities may usg
shift in oply.one direction. An average topography image is obtained by averaging each point (e.g

piXEl ini uasius b_yotcum) irthe iulasc.

SSIY)

The flatness deviation estimation can be further improved by rotating the measurement standard
between the measurements at several locations.

The default method for averaging is to calculate the mean. The S, parameter (as defined in ISO 25178-2)
of the resulting averaged topography is the improved flatness deviation zp ;. The number of
measurements used for improvement shall be reported.

For example, in practice the lateral shift can be 1/10 of the field of view or scanning range.
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For x-y scanning point principles, a typical value for the lateral shift is more than 100 sampling points.

NOTE1 The lateral shift is used to reduce the influence of small deviations of the material measures from
the ideal shape. The averaging, for example, reduces the influence of possible flatness deviations of the material
measure and also reduces the influence of measurement noise. Such flatness deviations are defects that have
been ignored (ISO 25178-73:2019, 3.3.6).

NOTE 2  This method does not reduce the influence from sphericity of the material measure nor, when the
measurement standard is not rotated between measurements, does it reduce the influence from cylindricity and
twist of the material measure.[20]

6.6.5 Application of filters and operators

In|applications where filters or operators are used, the flatness determination according to [6.6.3 and
b.4 can proceed under the same filter conditions as those used for measurements..The used|filter and
ity nesting index and the used operators shall be reported.

EXAMPLE The nesting index of the S-filter can be chosen according to ISO 25178+3:2012, Table 3 for a given
application, if not otherwise specified in calibration clauses of the specific measufement.

In|many cases, only the global form is considered for flat surfaces where smaller structures are not of
interest. This is normally accomplished by applying an S-filter with\aJarge nesting index. A p¢lynomial
fif may be used instead of the S-filter to approximate the large-scale flatness deviation.[21]

6..6 Calibration of flatness deviation

The procedure described in 6.6.3 and 6.6.4 is the default method for the calibration of th¢ flatness
ddviation. The assessed parameter zg, 1 (peak to pit) shall be reported or the upper limit (uncerftainty) of
thiis parameter after adjustment for the flatness deviation. The calibration shall be done in congideration
of|5.3.2 and 5.3.4. The area (length and width).ever which the flatness deviation is calibratefl shall be
reported.

6.7 Determination of the amplification coefficient «, for the z-axis

6./.1 General

The determination of the amplification coefficient a, for the z-axis is based on the use of a Lartesian
measuring coordinate system with three independent coordinate axes.

Sdme instruments . include more than one translation stage with different z-scan rarges. The
dgtermination of the' amplification coefficient of the instrument z-axis can be determined for both
stages independently. If both stages are used for a single measurement using stitching in the z-firection,
the determination shall be done for the combined scan.

EXAMPLE Example of an instrument with two translation stages: Piezo-driven stage for scan ramges in the
micrometre scale and a motor-driven stage for scan ranges in the millimetre scale.

6.7.2 Determination of the amplification coetiicient a, 1or the z-axis: material measures

6.7.2.1 General

For the default procedure a material measure with calibrated depth as defined in ISO 25178-70 should
be used. The parameter to be assessed for the amplification coefficient a, is the depth d. Measurements
shall be performed on the calibrated areas of the material measure as they are indicated by the supplier
(see 5.3.1 and 5.3.2).

For the calibration of the instrument, the same method as used for the calibration of the material
measure should be applied. Normally this method is provided on the certificate of the material
measure. Differences in methods, such as an optical measurement over an area as opposed to a profile
measurement using a stylus instrument, should be accounted for in the uncertainty evaluation.

©1S0 2022 - All rights reserved 11
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6.7.2.2

Material measures: requirements of geometry and material

The material measure shall be selected such that its structure does not influence the step depth or step
height determination. For example, parameters to be considered are the aspect ratio (height to width),
flatness, roughness and material characteristics (see ISO 25178-70).

The structure of the material measure can influence the result, if the size of the structure is small
enough that the results are influenced by the topographical spatial resolution of the measuring
instrument (see 6.11.4 and ISO 25178-600:2019, 3.1.20).

NOTE
can be foll

6.7.2.3

The evaly
Z-axis.

If an inst}

Material measures: alignment of material measure

ation region of the material measure should be adjusted to be perpendicular to the instrume

'ument provides an automatic alignment, that alignment shall be checkedbefore proceeding

6.7.3

rocedure for determination of amplification coefficient a, for the instrument z-axis

Measurement of step depths or step heights d is the default methed for determination of t
amplificaion coefficient a, or correction factor. This is done by cemparing the measured depth w
the calibfated depth of the material measure. The coefficient is‘determined from the quotient of the
depth parameter d., (numerator) and the measured depth value d (denominator), ie.

measure
dey /d.

A single-
use of sey
the deter
coefficier]
squares 1]

6.7.4 T
measure

6.7.4.1

nt

p

he

th

step material measure can be sufficient for_some given applications.[23] Alternatively, the

reral step heights or a multi-step material- measure is preferred if the instrument is used
mination of texture parameters involving different z-scales. In this case the amplificati
tis determined by fitting a line to the ‘determined step depths or step heights using the lea
hethod (see Figure 4).

ype PGR (profile-groove-rectangular): groove, straight (rectangular or trapezoidal)
ment areas

General

o1
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5 t-

The default measurement,areas for a rectangular type PGR material measure consistent with

ISO 2517
material

Other m¢

B-70 and ASME)B46.1-2009[26] are shown in Figure 2. The default areas for a trapezoid
measure are shiown in Figure 3.

asuremept areas may be used consistent with the design of the material measure and t

measureinent principle, if documented.
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6.7.4.2 Type PGR: groove, straight (rectangular or trapezoidal) analysis methods: areal method

Least-square parallel planes should be fitted to the data points of areas A, B and C.

Alternatively, a least-square plane shall be fitted to areas A and B and subsequently subtracted from
the entire topography (i.e. a levelling or tilt correction operation). The data points of region C define the

groove depth (or step height) d.

© IS0 2022 - All rights reserved
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The height or depth d shall be determined by calculating the distance of the centroid (centre of gravity
point) of the region C to the plane levelled to the reference areas A and B.

6.7.4.3 Type PGR: groove, straight (rectangular or trapezoidal) analysis methods: profile
method

The areal method is the preferred method, except for instruments generating topography images from
line profiles, where the profile method is preferred.

Least-squares lines shall be fitted to areas A and B and subsequently a levelling by rotation (tilt
correctiop) shall be carried out. The mean depth of the data points of region C (or height, for a positive
feature) ghall then be calculated. For areal data, a levelling of regions A and B shall be performed befdre
extracting the profiles.

A set of fit least nine parallel profiles shall be extracted and the depth (or height) d independently
evaluated for each profile. The average depth (or height) of the data points of region C shall be reported
as the depth (or height) d.

The distance between the profiles shall be chosen so as to maximize coverage of the area specified py
the manuffacturer of the material measure, subject to the avoidance of relevant surface defects.

For a grgove or plateau standard that exhibits significant linearity déyviations over its length, the
evaluation of d by profile measurements is the default method for this/type of calibration.

NOTE 1 |Atrapezoidal material measure as specified in Reference [27]ds'd possible alternative for instrumeints
with a large measuring volume. The measuring volume is defined in ISQ 25178-600:2019, 3.1.8.

NOTE 2 Different filters are used for line profiles and areal measurements; see the ISO 16610 series.

EXAMPLE Instruments generating topography images. from line profiles are contact (stylus) instruments
(see ISO 25178-601) or non-contact (confocal chromatic probe) instruments (see ISO 25178-602).

6.7.5 (Qther material measures for the instrument z-axis calibration

A variety] of material measures may be eniployed for z-axis calibration in place of type PGR materjal
measureg. Calibration techniques for areal topography measuring instruments should be consistgnt
with the ¢alibration procedure, which'is described in the certificate of the material measure.

Non-exhgustive examples provided in ISO 25178-70 include the following:
— type[PDG: double grooveé;

— typelAGP: grooves,peérpendicular;

— typeACG: cross grid.

Single-sided steps have also been used as height calibration material measures.[28] They are particulagly
useful where double-sided steps may be difficult to fabricate and unavailable. Staircases composgd
of singledsided steps are also useful for simultaneous measurement of z-amplification and linearity
deviation.[28] To avoid bias due to surface curvature, straight lines are fitted to profile data, preferably
equally displaced from the step transition, subject to the avoidance of relevant surface defects. Steps
based on atomic lattice properties with nanometrel22] and subnanometrel39] heights are particularly
useful where double-sided steps may be difficult to fabricate and unavailable.

NOTE Best results are obtained when the user employs the same definition for the step height or groove
depth (including the width w) as employed by the laboratory where the material measure was calibrated. If the
same definition is not used, the resulting measurement uncertainty can potentially increase.
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6.7.6 Procedure for determination of amplification coefficient a, for the instrument z-axis:
range and distance of measurement positions for the calibration of the z-scale of the instrument

For instruments with a scan range that is larger than the groove depths of the material measure, the
procedure is done at different heights within the scan range (see for example References [31] and [32]).

The complete intended z-range for the instrument's application should be used for the determination of
the amplification coefficient of the instrument z-axis. The distance of the positions within the z-scale
should be selected to cover the complete intended z-range.

Materialmeasureswith-more thanonestep-heightcan beused

NQTE1 Deviation from a linear amplification curve results from linearity deviations along the z-axis. Thus,
the calibration of the z-scale at different positions within the z-range can be used for the calibration qf linearity
dejviation.

NQTE 2 Material measures with much smaller step heights than the scan range of-the instrument are often
uskd for the calibration of the instruments, which are intended for determination of texture parameters.

6./.7 Range and distance of measurement position for the calibration of a reduced z-s¢ale
of/the instrument

If [the instrument is only used in a certain z-range, the calibration can be done within thg reduced
z-range. Thus, if a region of preferable performance can bédocated, it may be used with its local
correction coefficient. The reduced z-range and the position within the complete z-rangq shall be
reported.

Fgr verification, the evaluation of a single step standard can be sufficient to confirm proper adjustment
arld operation of the instrument within the expectédbounds of uncertainty of the measuremgnt.[33]

N(OTE The calibration can lead to smaller meaSurement uncertainties within a reduced z-scale.
6.8 Determination of z-linearity deviation /,

6.8.1 General

The linearity deviation is defined in ISO 25178-600:2019, 3.1.11. Ideally, all measured amplification
coefficients for different/step heights and at different positions within the z-scan range |have the
same value, see 6.7.3. However, hysteresis effects or nonlinearities of the translation stage cqn lead to
dgviations.

6.8.2 Determination of the complete and local z-linearity deviation /: z-scan range

By defaults{the linearity deviation of the complete z-range is determined. If a local linearity deviation
is|determined only for a shorter range instead of the complete range, the position of that shorter range
withifn the complete z-range shall be reported.

6.8.3 Determination of z-linearity deviation /,

First, the amplification coefficient shall be determined according to 6.7. For the detection of linearity
deviations, measurement at a number of positions and step heights is required.

The assessed parameter is the maximum deviation of measured depths to the calibrated depth d_,;
after adjustment of the amplification coefficient «,. This is the value of I, that shall be reported (see

Figure 4, key item 5, and 1SO 25178-600:2019, 3.1.11).
Material measures with more than one step height can be used.

The maximum linearity deviation over the complete z-measurement range shall be reported.
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Both amplification and linearity may be determined from the results of the same type of measurements.

For instruments with multiple z-scan axes, each axis may be specified separately.

NOTE The maximum value for the linearity deviations of the z-scan unit can be a measured value above or
below the ideal reference curve, see Figure 4.

h

0

Key
calibrpted value of height z
meastyired value of height z
ideal response curve

best-ffit line from which the amplification coefficient a, (slope) is derived (before adjustment)

a
b
1
2 actua] response curve of the instriment with long and short wavelength deviations
3
4 actual response curve of the-instrument after adjustment of amplification «,

5

local linearity deviation? (after adjustment)

Figure 4 — Schematic representation of z-axis linearity deviation

6.8.4 Determination of z-linearity deviation /: sizes of step heights to be measured

The step heights to be measured within the z-range of the measurement application shall be
small enough to detect all small-scale linearity deviations that can have a significant impact on the
measurement uncertainty.

EXAMPLE A spindle-driven axis typically has a short wavelength nonlinearity corresponding to its pitch
and a long wavelength nonlinearity over the whole length of the spindle.

NOTE For linearity deviations that appear within a small range in a periodic way, such as in PSI instruments
(ISO 25178-603), the use of a tilted optical flat can be more appropriate (see 6.8.6).
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6.8.5 Determination of z-linearity deviation /,: positions within the instrument z-range

The measurement should be done at five or more positions within the z-range. Any critical z-positions
where the linearity deviation is comparatively high shall be identified. If required, additional
measurements should be performed to better characterize the linearity deviation around these critical
positions.

Both amplification and linearity deviation can be determined from the results of the same type of
measurements.
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rombination of more than one measurement standard can be used.

B.6 Determination of z-linearity deviation /,: Non-default methods
le use of other calibration methods for calibrating the z-axis linearity deviation shall be rep

le linearity deviations of the z-scan unit may be measured with an extebnal position mea
vice, such as a laser interferometer or a capacitive sensor.

belled state, can give an indication of the nonlinearity of the z-agis.[34]

apping deviation A, (x,y) and A, (x,y)

.D.1 General

le mapping deviations, A, (xy) and A, (xy), of the instrument’s x- and y-axes are d
D 25178-600:2019, 3.1.13 as a gridded image of x- and y-deviations of actual coordinate posi
rface from their nominal positions.

this subclause, a procedure to-characterize the mapping deviations is outlined. These

Hirections.
ments.

viations of the x“and y-axes are caused by their individual straightness and linearity deviation. This

$o for scanning’probe systems.

pending.on the parameter considered (e.g. a step height or the S, parameter).

N(

TE4  Examples of mapping deviations are given in Figure 5.

brted.

surement

tilted reference specimen, for example an optical flat, compared with topography megsured in

9 Determination of the amplification coefficients «, and ¢, in x- and y-directiop and

efined in
fions on a

mapping

viations are used to derive the-amplification coefficients and linearity deviations in the x- and

TE1 For optical instruniéents, the mapping deviation can be caused by the aberrations in the optical

TE2  For contack(stylus) instruments and optical point sensors with a moving stage, th¢ mapping

is the case

TE 3 _<The contribution of the mapping deviations to the overall measurement uncertainty can be|negligible
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al grid without mapping deviations

[ A

6.9.2 [

-2 -1 0 1 2 X

c) Cushion-shaped distortion

The defayilt method for the determination of the amplification factors and mapping deviations of t
axes, iS>With material measures with calibrated distances in the x-y plane (i.e. type ACG). T
dxes. of the materlal measures shall be allgned parallel to the 1nstrument axes to aV01d pOSSIt

|

-2 -1 0 1 2

b) Trapezoidal distortion of the grid due to

mapping deviations
Y

R [

X

-2 -1 0 1 2

d) Barrel-shaped distortion due to mapping
deviations possibly caused by aberration

Figure 5 — Examples’of x-y grid positions illustrating mapping deviations

X

eterminationof the amplification coefficient a, and «, in x- and y-direction and mapping
deviation A, (x,y) and A, (x,y): material measures

by ¢ (x,y) for the grld 1ntersect10n pomts w1th the 1nd1ces (x y) The determlned p051t10ns of the grid
intersection points are expressed by p (x,)). The assessed parameters for each grid intersection point
are the coordinate differences A, (xy) and A, (xy) of the calibrated positions with respect to the
determined position.

The number of intersection points should be atleast 25 (5 x 5) distributed evenly over the measurement
area, as illustrated in Figure 6.
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Figure 6 — Difference vectors between calibrated material measure grid intersection
coordinates ¢, , and measured grid intersection coordinates p, ,
6.9.3

Determination of the amplification coefficient @, and ¢, in x- and y-direction and mapping
deviation A, (x,y) and A, (x,y): assessed measurement volume

Measurements shall be done on the calibrated area of the material measures, paying attention to the
presence of surface defects within that area (see 5.3.2). The measurements shall span at least 95 %
of the x- and y-axes lengths of the measurement area of the instruments and at least three z-positions
inside the instrument xyz working range. If a smaller fraction of the measurement area of the instrument
is used, it shall be reported. Spurious points should be eliminated.

NOTE For some types of instruments, the x- and y-amplification coefficients and mapping deviation will
possibly be judged to be independent of the z-position. For such instruments, measurement at only one z-position
is sufficient.
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6.9.4 Procedure for the determination of the amplification coefficient o, and ¢, and mapping
deviation A, (x,y) and A, (x,y) of the x- and y-axes

The following default procedure is used to determine the amplification coefficient and linearity
deviation of the x- and y-axes:

a) The material measure shall be levelled to the x-y plane.

b) For each grid intersection point (knot) the position p, , shall be determined.

¢) The amplification coefficients, &, and a, in the x- and y-directions are determined by scaling,
rotatjon and translation of the measured grid positions p, , in a way that the transformed positiolns
pyy phow a minimum value for the mean square sum of the mapping deviation lengths [A((xy)1 +

A, (x)?] from the calibrated positions ¢y, using the least-squares method. For example, the rotatipn
is ne¢ded if the x-axis and y-axis of the material measure are different from those of the.instrument.

d) Thellnearity deviations, /,and [, are defined as the largest values of A, (x,y) and Ay (%), respectivelly.

This method is valid for instruments such as microscopes that acquire topography from an extended jor
finite field of view without x-y translation. Point or line (point array) sensors with x and y translatipn
stages anld lateral position sensors can use different methods.

For the precise determination of the grid intersection positions variéus software algorithms frdm
image processing may be used. An example is the PSm-method givenin the VDI guideline 2655-1.3;[}2]
other examples are given in the NPL good practice guide 127[3¢l,

6.10 Perpendicularity of the instrument z-axis with respect to the x-y areal reference

A devidtion of the perpendicularity of they instrument z-axis (orthogonality) (see
ISO 25178-600:2019, 3.1.2) would lead to shape distortions of the measured topography. It is important
to differgntiate between the mechanical and optical instrument axis on one hand and the coordindte
system axis of the component being measured on'the other hand.

No defau|t methods are defined for determining the perpendicularity of the instrument z-axis with
respect tp the x-y areal reference due to the small influence of the perpendicularity deviations under
typical measurement conditions and_ the lack of applicable material measures.

6.11 Topographic spatial resolution Wy

6.11.1 (General

The topdgraphic spatial resolution shall be characterized by any of several parameters listed [in
ISO 25178-600:20193.1.20. A default method for calibration is not defined here.

The VDI guidéliste 2655-1.3[35] and Reference [34] provide descriptions about the calibration of the

topographicalspatial resolution, the material measures and the calculation of the related parameters.
In additi n, there are several pnh]ichnr] paperson available calibration methads [36-39]

6.11.2 Material measures for topographic spatial resolution

Material measures for calibration of the topographic spatial resolution include structures with variable
width, grating constants or spatial wavelengths, including parallel lines, chirped material measures[38l
or star-shaped groove types (type ASG). A procedure using the ASG type is specified in the NPL good
practice guides 127 (CSI)[3¢] or 128 (confocal instruments)[37]. In some cases, a sharp edge or step
feature in the surface topography provides the equivalent of the line spread function, which can be
analysed to determine the spatial frequency response of the instrument.[3°]
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6.11.3 Instrument transfer function (ITF) curve f; ;¢
There is no default method for calibration of the ITF curve.

A requirement for the use of the f;1y curve for calibration is that the instrument response is linear over
the full spatial frequency range of the evaluation, such that the response to each spatial frequency
component is independent of all other spatial frequency components. This imposes limits on the
maximum surface slope, the surface topography or the range of surface heights that can usefully be
measured. More detailed descriptions of the use, calibration and limitations of the ITF curve are given
in Reference [39].

6.11.4 Lateral period limit D,

The lateral period limit Dy, can be established consistent with ISO 25178-600:2019, 371.21 jusing the
50 % transmission point on the ITF curve (6.11.3). Limitations in the use of thé ITF curvdg apply to
thie use of the lateral period limit when applying this method of calibration forthe topograpHic spatial
resolution.

6.11.5 Use of optical lateral resolution parameters

Fgr surface topography instruments that rely on optical imaging systems, the optical lateral rlesolution
as|defined in ISO 25178-600:2019, 3.3.7, can be used to determine the topographic spatial resolution Wy,
if |t can be demonstrated by instrument modelling and/or expériment that the optical lateral flesolution
agplies for a specific topography measurement method-and range of surface structures| Defined
pdrameters for optical lateral resolution include the Rayleigh criterion (ISO 25178-600:2019, 3.3.8),
thle Sparrow criterion (ISO 25178-600:2019, 3.3.9) andthe Abbe resolution limit (ISO 25178-400: 2019,
3.B.10). When specifying the topographic spatial@resolution Wy as an optical lateral iresolution
pdrameter, the criterion that was used and the méthod by which it was determined shall be gpecified.
Details regarding the limits of applicability ofoptical lateral resolution parameters for topographic
spatial resolution can be found in Reference_[39].

6.12 Topography fidelity Ty,

6.12.1 General

The measured profile or topography is assumed to have been acquired after calibration, adjustment and
verification of the other six’metrological characteristics in Table 1. In this case the topography fidelity
accounts for all remaining effects where the other six metrological characteristics have been ¢valuated
arld accounted for,-The topography fidelity depends on influence quantities that can include surface
slopes and discontinuous features (sharp edges) as well as the specimen properties, such as yefractive
infex, reflectivity’and the presence of transparent thin films, the elastic modulus or hardness}

There are’no default methods for determination of the topography fidelity. Acceptable|methods
infludercomparison with reference metrology, the use of reproducibility tests with variatio
orjientation between measurements, experimental methods to determine sensitivities of the
refsul hanges in the instrument configuration and th f virtual instruments,[4041]

6.12.2 Determination of the topography fidelity T, using reference metrology

A structured material measure with known and/or calibrated shapes having known uncertainty may
be used for the determination of the topography fidelity. The shape of the material measure should be
close to the shape of the surface to be evaluated. To quantify the topography fidelity, the topography of
the material measure as measured should be compared with the reference topography as obtained by
an independent calibration or as known or estimated by other means. This comparison will normally
consist of the evaluation of the topography difference after optimum alignment of both topographies.
For the quantification, the surface texture parameters as defined in ISO 25178-2, applied to the
difference topography, can be used. An example parameter is the RMS difference as defined by the S,
parameter which makes it similar to the noise estimator specified in Formula (1). Examples are given
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