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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types

of IS0 d
ISO/IEC

ISO dray

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

patent(d). ISO takes no position concerning the evidence, validity or applicability of-any claime

rights iy

patent(d) which may be required to implement this document. However, implemefiters are cautio

this may

WWW.is

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

Any tra

constitute an endorsement.

Forane
related
Organiz

This do
specificd
Technic
accorda

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

bs of the

vs attention to the possibility that the implementation of this document may invelve‘the use of (a)

 patent

respect thereof. As of the date of publication of this document, ISO had nog received notice of (a)

hed that

' not represent the latest information, which may be obtained from the gatent database avdilable at

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

ressions

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

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

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

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

product

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

ntion, in

This sedond edition cancels and replaces the. first edition (ISO 25178-605:2014), which has been tedhnically

revised.

The mai

In changes are as follows:

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

— revij

— add
cha

— add
— add
— add

tion of Clauset4"for instrument requirements, which summarizes normative featu
Facteristics;

tion of Glause 5 on metrological characteristics;

tioh of an information flow concept dingrnm in Clause 4-

sion of all terms and(definitions for clarity and consistency with other ISO standards docunpents;

res and

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

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

— addition of Annex B on metrological characteristics and influence quantities; replacement of the
normative table of influence quantities with an informative description of common error sources and
how these relate the metrological characteristics in ISO 25178-600.

Alist of

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

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

complet

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

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

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

For morpdetaitedinformatiomron the Tetationof thisdocumentto otherstamdards and the GPS matrix model,
see Anngx C.

This dogument includes terms and definitions relevant to the point autofocus probe (PAP) instruments for
the meajsurement of areal surface topography. Annex A briefly summarizes PAP instruments and fethods
to clarify the definitions and to provide a foundation for Annex B, which describes common sources of
uncertalnty and their relation to the metrological characteristics of PAP.

NOTE Portions of this document, particularly the informative sections, describe patented systems and methods.
This infgrmation is provided only to assist users in understanding the operating principles of PAP instrumgnts. This
documer]t is not intended to establish priority for any intellectual property, nor does’it imply a license to proprietary
technologies described herein.

© IS0 2025 - All rights reserved
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International Standard ISO 25178-605:2025(en)

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

Part 605:

Design and characteristics of non-contact (point autofocus

probe) instruments

1 Scdpe

This dofcument specifies the design and metrological characteristics of point“attofocus prob
instrumfents for the areal measurement of surface topography. Because surface-profiles can be e
from ar¢al surface topography data, the methods described in this document aréalso applicable to j
measur¢ments.

2 Normative references

The follpwing documents are referred to in the text in such a way:that some or all of their content cof

e (PAP)
ktracted
brofiling

Istitutes

requirements of this document. For dated references, only the'edition cited applies. For undated references,

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

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

3 Tenms and definitions
For the purposes of this document, the térms and definitions given in ISO 25178-600 and the followit

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

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

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

31
probing system

<point autofocuspyobe> component of the instrument consisting of an autofocus optical system, an a
mechanism (3.6)-and an electronic controller

irt 600:

ng apply.

utofocus

3.2

point autofocusprobe

PAP

device that converts the height of a point on a surface into a signal during measurement using the autofocus
function

3.3

point autofocus profiling

surface topography measurement method whereby the local surface height is measured by automatically
centring a focused light beam reflected from the sample on a position sensitive detector as a function of

surface height

[SOURCE: ISO 25178-6:2010, 3.3.11]

© IS0 2025 - All rights reserved
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3.4

ISO 25178-605:2025(en)

objective
lens that focuses the light source image on the workpiece surface

3.5

autofocus sensor
optical sensor that detects a focal position using the light reflected from the workpiece surface

3.6

autofocus mechanism
autofocus driving mechanism that positions optical elements or the whole optical system

3.7
z-positi
sensor t

3.8
workin;

<point dutofocus probe> distance along the optical axis between the element closest®to the surface

focus pd
Note 1 tg

3.9
spot siz
Wspor

<point autofocus probe> size of the light source image focused ofithe workpiece surface

Note 1 tg

3.10
focus rd
range of]

3.11
vertical

RVERT

<point qutofocus probe> measuring range of the autofocus probe in z heights within which it is po

output 1]

3.12
measurj

Mggr
minimu
3.13
autofoc

RAF
measurq

pn sensor
hat measures the vertical position of the measured point

b distance

int on the surface

entry: Maximum measurable step height is related to working distance.

e

entry: See Clause B.2.

nge
z heights, within which it is possible to achieve adequate focus

range

eliable data

able minimum refléction ratio

m ratio of the reflécted light intensity to the incident light intensity for a measurable workpiect

us repeatability

bmentrepeatability of the autofocus function, excluding the effect of environmental noise

and the

ssible to

b surface

3.14
speckle

NSPC

noise

noise due to non-uniform intensity of reflected light generated by irregular micro-scale geometry of the
workpiece surface within the spot size (3.9)

Note 1 to entry: Refer to Reference [10].

© IS0 2025 - All rights reserved
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temperature drift deviation

Drgmy DT_EMy' Drgm, _
form deviation caused by changes in temperature

Note 1 to entry: This deviation is typically managed by increasing measurement speed and reducing the rate or range
of temperature variation.

Note 2 to

3.16

entry: Refer to Reference [14].

beam offset direction

directio

Note 1 to

4 Ins

An insti
surface
The PAH
mechan
scannin
point cld

Figure 1
surface

in Anne]j

il £E. de. il ) . S b 1 - £ ya | ds. 1 - il Lo ) L2340
LTUIUIC UTIISTU UT LT IS SUUT LT UPLILATl dALIS TTUIITLHT UPLILAl dALS UL LT UUJCLLIVE ( O.T )

entry: See Clause B.4.

trument requirements

ument according to this document shall perform an areal surface topography measuren
lising point autofocus profiling. The instrument shall comprise a PAP and-a lateral scanning
instrument shall comprise an objective, an autofocus sensor, a z-position sensor and an a
sm for automatically measuring a local height of the surface. Thednstrument shall acquirg
b the surface in x- and y-directions while autofocusing on it. The“instrument shall save 3
ud data in order to generate an areal topography.

shows the information flow between these elements for aPAP instrument, flowing from a w
Fo a primary surface. Examples of PAP instrument hardware, techniques and error sources 3
kes A and B.

ent of a
system.
itofocus
data by
icquired

brkpiece
re given
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Light
source

z-position
sensor

y

Objective [«

Autofocus
sensor

A

Autofocns

A

Measured
electro-
magnetic
surface

. Software

corrections

and
adjustments

Spatial
filtering

Scale-limited
surface

Mgasuring
loop

X,y
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xternal :
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Key
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system

|

|

o !
positioning |t
|

|

|

O measurand

————— e

operator with intended modification

operator without intended modification

5 Metrological characteristics

Figure 1 — Information flowconcept diagram for a PAP instrument

The stahdard metrological characteristics for areal surface texture measuring instruments spefified in
[SO 25178-600 shall be considered when designing and calibrating the instrument. Additional metfological
charactgristics or error sources, or both, for an instrument according to this document consist of working
distancd, spot size, focus‘range, vertical range, measurable minimum reflection ratio, autofocus repeatability,
speckle hoise, temperature drift deviation and beam offset direction. All shall be considered when dgsigning

and calibrating thetinstrument.

Annex B describes sources of measurement error that can influence the calibration result.

6 Designfea
Standard design features described in ISO 25178-600 shall be considered in the design.

Annex A provides examples of specific design features of PAP instruments.

7 General information

The relationship between this document and the GPS matrix model is given in Annex C.

© IS0 2025 - All rights reserved
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Annex A
(informative)

Principles of PAP instruments for areal surface topography
measurement

Al G

PAP ins
workpid
and med

A.2 In

Figure 4
a small

left-han
reflecte
sensor g

Figure

Figure A
beam p
position
autofocy

state. The displacement of the workpiece surface(z;) is equal to the moving distance of the object

and the
workpid
coefficid
intensit)
is equiv

NOTE

eneral

fruments measure surface texture by automatically focusing a laser beam on to a\poin

suring the workpiece surface height at each focused point.

strument design

\.1 illustrates a typical optical system for PAP instruments. A lasef"beam that can be fo
spot is generally used for the light source. The optical axis of the-Jaser beam passes thrd
1 side of the objective and focuses on to the workpiece surface at the centre of the optical 3
1 laser beam passes through the right-hand side of the objective'and forms an image on the a
fter passing through the imaging lens. Figure A.1 shows theY'in-focus” state.

A.2 shows the principle of the autofocus operation: Figure A.2 a) shows the in-focy
.2 b) shows the defocused state. When the workpiece'surface is displaced downward (Az),
sition on the autofocus sensor changes accordingly. The autofocus sensor detects the Ia
; hence, the sensor detects the laser spot displacement (W) and feeds this information bag
Is mechanism in order to adjust the objectiveto the in-focus position. Figure A.2 c) shows thg

z-position sensor (typically, a linear pe@sition scale is used) acquires the height informatio
ce. A distinctive feature of PAP instruments is that they are not influenced by the colour or r¢
nts of workpiece surfaces since, the-autofocus sensor detects the position of the laser spot|
p. Also, PAP instruments have a wide measuring range and high resolution in the z-coordinat
hlent to the movable range, aiid repeatability of the autofocus mechanism.

Refer to References [8],(9];112], [13], [15], [16], [17] for further details.

[ on the

ce surface, moving the workpiece surface with fixed sampling intervals using an x4z seanning stage,

rused to
ugh the
xis. The
itofocus

s state.
he laser
ser spot
k to the
refocus
ive (z,),
n on the
pflection
not the
e, which
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autdfocus sensor

ima
light
z-pdg

be lens

soudrce

sition sensor

half mirror

autofocus mechanism
9  objective
10 measurement point

workpiece

laser beam

11 x- and y- scanning stage

Figure A.1 — Schematic diagram of a typical PAP instrument

© IS0 2025 - All rights reserved
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N |
vy 2=0 ] by O
| Ny — -
a) In-focus state b) Defocused state c) Refocus state
Key
W lasef spot displacement on the detector zy displacement of the workpiece surface
z  workpiece surface height z, moving distance of the objective

Az downward displacement of the workpiece surface

Figure A.2 += Principle of a typical PAP operation

A.3 PAP instrument
A typical PAP instrument jS‘eomposed of a lateral scanning system and a PAP.
This tyge of instrumentijs’also able to perform profile measurements.

The range of heightimeasurement is determined by the movable range of the autofocus mechanism|and the
working distance-of the objective. A typical measuring range is from a few millimetres to severa| tens of
millimetres,

A.4 Measurement process
A typical PAP instrument uses the following measurement process.

— The probing system performs profile acquisition through continuous measurement along the x-axis over
measuring length.

— After the profile has been measured, the probing system returns to its starting position of each profile.
— The perpendicular drive unit along the y-axis steps by one sampling interval along the y-axis.

— These operations are repeated until the measurement is completed.

© IS0 2025 - All rights reserved
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— The raw surface is then obtained. It contains n profiles separated from each other by the y-sampling
interval, each profile containing m points separated by the x-sampling interval.

It is also possible to perform the measurement without returning to the starting position after acquiring
each profile. The next profile can be scanned in the opposite direction compared to the previous scan. In
this case, it is recommended to check that the repositioning hysteresis is compatible with the intended
measurement uncertainty. Nevertheless, a typical probing system is generally designed for measuring in
only one direction.

Recommendations for choosing measuring area and sampling intervals are found in ISO 25178-3.

© IS0 2025 - All rights reserved
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Annex B
(informative)

Sources of measurement error for PAP instruments

B.1 Metrological characteristics and influence quantities

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

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

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

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

Item Influence quantity Relevant metrological characteristjc
B.2 Spotsize Ny measurement noise
D,,D, sampling interval
Wr topographic special resolution
Diim lateral period limit
R, lateral resolution
w, width limit for full height transmigsion
B.3 Focal shift error Ny measurement noise
Ngpc speckle noise
B.4 Beam offset direction andymaximum measurable |®ys maximum measurable local slope
local slope
B.5 Autofocus repeatability D, digitization in step in z
Wxr topographic special resolution
B.6 Measuremefit)of a surface covered with a thick|a, amplification coefficient
transparentfilm
B.7 Non-measured points (autofocus errors) Ny measurement noise
B.8 Linearity of z-axis F, response function

linearity deviation

B.2 Spotsize

The spot size not only determines the lateral resolution, but also provides the focal shift parameter for
surface measurement. When a parallel beam with a uniform intensity distribution enters from the back of
the objective, the spot size (Wspqr) at its focal plane is generally given by Formula (B.1).

1,222
™ (B.1)

Wspor =

© IS0 2025 - All rights reserved
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where

Ao is wavelength of the light source;
Ay isthe numerical aperture.

However, in the case of a light source with a Gaussian intensity distribution, such as a laser, the spot size is
expressed as a diameter, where the intensity is a specified fraction of the maximum intensity. A commonly
used fraction is 1/e? (= 13,5 %) of the maximum intensity (see Figure B.1). The associated spot size is given

by Formula (B.2).

0,614, (o
WsppT= t.2)
Ay
Spot sizg is an influence quantity for the lateral period limit D; ;y and the lateral resolution Rjand the width
limit for|full height transmission W), defined in ISO 25178-600:2019, 3.1.21, 3.1.22 and 3.1.23, respeg¢tively.
I
100 %
1/e?
~13,5%
WSPOT X
Key
X x (um) I,.x Maximum intensity
I infensity Wipor spot size
Figure B.1 — Spot size

B.3 Focal shift error
Figure B.2 shows an example of focal shift errors caused by different spot sizes.

Figure B.2 a) shows a large spot image on the autofocus sensor resulting from reflection of the incident
laser beam from an irregular workpiece surface. In this case the reflecting angle of ray (4) at the peak of
the convex workpiece surface is less than the half aperture angle (a;) and forms the image on the autofocus
sensor that results in a bright area (A"). Conversely, the reflecting angle of ray (B) on the slope of the convex
workpiece surface is greater than a;, which causes the reflected ray (B) to miss the objective and thus forms

© IS0 2025 - All rights reserved
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no image on the autofocus sensor resulting in the dark area (B'). This is how non-uniform optical intensity
can occur within the spot area on the autofocus sensor. When the autofocus sensor detects the geometrical
centre of the spot area, the focus position shifts to AE;. This is one of a source of measurement error (speckle
noise Ngpc).

The half aperture angle (a,) in the optical system in Figure B.2 b) is greater than a; in Figure B.2 a).
Therefore, the autofocus sensor detects the ray on the slope of the convex workpiece surface, resulting in
a smaller dark area and less variation of optical intensity in the spot area. In addition, a smaller spot size
generates a smaller focus position shift, AE,.

Focal shift error is an influence quantity for the measurement noise Ny, defined in ISO 25178-600:2019, 3.1.15.

C C
\ 7] \ ]
L LE, AE, > AE, _ylE

a) Large spot'size b) Small spot size
Key
1 beometrical centre of spot AE,, AE,  focus position shift
2 hutofocus senser A reflecting angle of ray
3 bbjective A bright area
4 vorkpiece B reflecting angle of ray
aj, a, halfaperture angle B’ dark area
Wspor  SpoOt size C spot image on the sensor

Figure B.2 — Focal shift error with different spot sizes

B.4 Beam offset direction and maximum measurable local slope

The maximum local slope measurable with a point autofocus sensor depends on the slope orientation with
respect to the laser beam offset direction. Figure B.3 shows the laser beam path offset along the y coordinate
direction. The maximum measurable local slope angles in the cross-section parallel to the offset direction are

© IS0 2025 - All rights reserved
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A; and A, [see Figure B.3 a)]. The maximum measurable local slope angle in the cross-section perpendicular
to the offset direction is A5 [see Figure B.3 b)]. The angles 4, 4, and A5 are given by Formulae (B.3) to (B.5).

A <o (B.3)
L)
o+ E —-a
A, < (B.4)
2
o b
Ay <—+— B.5
372 "4 (B.5)
NOTE Maximum measurable local slope angles can be increased beyond these limits provided the surfacg returns

sufficienfly intense, diffusely-scattered light (e.g. due to sufficient surface roughness)[11l (see ISO 25178-800:2019,

Annex A).

Beam offset direction is an influence quantity for the maximum measurable localyslope ®);5 ddfined in

[SO 25178-600:2019, 3.1.24.

a) Parallelto the offset direction

b) Perpendicular to the offset direction

Key

1  offs¢t direction a angle of incidence

2 light beam b  collection angle

3  offsetarea a  half aperture angle

4  aperture A; maximum measurable local slope angle
5  objective A, maximum measurable local slope angle
6  plane mirror A; maximum measurable local slope angle

Figure B.3 — Maximum measurable local slope depending on offset direction

© IS0 2025 - All rights reserved
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B.5 Autofocus repeatability

Factors that degrade the autofocus repeatability include:

— repeatability of the autofocus mechanism;

— digitization in step in z, D;

— stability of the light source;

— disturbances from the environmental such as temperature drift and vibration.
Autofocys repeatability is an influence quantity for the topographic spatial resolution W, defined in
ISO 25178-600:2019, 3.1.20. )
N
B.6 Measurement of a surface covered with a thick transparent film Q(;_)q’
When mieasuring the surface texture of a workpiece covered with a thick transparent%g‘?, the z-axid value is
affected| by the refractive index of the thick film and is given by Formula (B.6). N
Zl :Re(nl)XZZ O(ﬁj (B6)
NOTE See Figure B.4. g\\c‘)
o)
Refractive index is an influence quantity for the am cation coefficient a; defjned in
ISO 251y8-600:2019, 3.1.10.
Key
1  objective 5 optical axis
2 light beam n; complex index of refraction
3 thick film z, step height of workpiece surface
4  base material z, objective displacement

Figure B.4 — Surface measurement covered with a transparent film
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