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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 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.
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edures used to develop this document and those intended for its further maintenange d
| in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for t
types of ISO documents should be noted. This document was drafted in accordance with t
ules of the ISO/IEC Directives, Part 2. www.iso.org/directives

is drawn to the possibility that some of the elements of this document may be the subject
hts. ISO shall not be held responsible for identifying any or all such patentrights. Details of a
rhts identified during the development of the document will be in the Introduction and/or
5t of patent declarations received. www.iso.org/patents

e name used in this document is information given for the convenience of users and does 1
e an endorsement.

kplanation on the meaning of ISO specific terms and)éxpressions related to conformdi
nt, as well as information about ISO’s adherence tothe WTO principles in the Technig
o Trade (TBT) see the following URL: Foreword - Supplementary information

mittee responsible for this document is ISO/FC 213, Dimensional and geometrical prody
jons and verification.

B consists of the following parts, under the general title Geometrical product specificatidg
furface texture: Areal:

[: Indication of surface texture

P: Terms, definitions and surfdee texture parameters

B: Specification operatons

b: Classification of methods for measuring surface texture
V0: Material measures

V'1: Softwaresmeasurement standards

b01: Nominal characteristics of contact (stylus) instruments
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(025 Nominal characteristics of non-contact (confocal chromatic probe) instruments

— Part 603: Nominal characteristics of non-contact (phase-shifting interferometric microscopy)
instruments

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

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

— Part 606: Nominal characteristics of non-contact (focus variation) instruments

— Part 701: Calibration and measurement standards for contact (stylus) instruments

The following parts are under preparation:
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— Part 72: XML file format x3p

Calibration and measurement standards for non-contact (confocal chromatic probe) instruments and
calibration and measurement standards for non-contact (phase-shifting interferometric microscopy)
instruments are to form the subject of future parts 702 and 703.

A part 600 is planned which is intended to contain provisions common with the other 600-level parts of
ISO 25178. Once it has been submitted as a Final Draft International Standard, those provisions in the
other 600-level parts that are then redundant will be removed from them.
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Introd

uction

This part of ISO 25178 is a Geometrical Product Specification standard and is to be regarded as a General

GPS stand

ard (see ISO/TR 14638). It influences the chain link 5 of the chains of standards on roughness

profile, waviness profile, primary profile, and areal surface texture.

For more detailed information on the relationship of this standard to the GPS matrix model, see Annex G.

The ISO/GPS Masterplan given in ISO/TR 14638 gives an overview of the ISO/GPS system of which

this stand

ardisa part The fundamental rules nFlQﬂI/CPQ given in ISO 801 g app]y ta this standard and

the default decision rules given in ISO 14253-1 apply to specifications made in accordance with{this

standard

The point

in this dofument comprises three basic elements: an autofocus optical system, an autofocts'mechanism,
and an electronic controller.

This type

measuremnents.

This part
autofocus

For more

the main [pbody may lead to a better understanding of this standard

unless otherwise indicated.

D
(o]

autofocus optical principle can be implemented in various set-ups. The configuratiomdescribg

of instrument is mainly designed for areal measurements, but it is also able to perform profjle

of ISO 25178 describes the metrological characteristics of an, optical profiler using a point
probe for the measurement of areal surface texture.

detailed information on the point autofocus method, see Annex A. Reading this annex befgre

Vi
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INTERNATIONAL STANDARD ISO 25178-605:2014(E)

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

Part 605:

Nominal characteristics of non-contact (point autofocus

probe) instruments

1| Scope

This part of ISO 25178 describes the metrological characteristics of a nofi-eontact instry

measuring surface texture using point autofocus probing.

2| Normative references

ment for

The following documents, in whole or in part, are normatively ‘referenced in this documenft and are

infispensable for its application. For dated references, only, the edition cited applies. Foq

references, the latest edition of the referenced document (including any amendments) applies

ISP 4287:1997, Geometrical Product Specifications (GPS) — Surface texture: Profile method
ddfinitions and surface texture parameters

ISP 10360-1, Geometrical Product Specifications {GPS) — Acceptance and reverification tests for ¢

measuring machines (CMM) — Part 1: Vocabulary
ISP 14406:2010, Geometrical product specifications (GPS) — Extraction

ISP 14978:2006, Geometrical product specifications (GPS) — General concepts and requiremen
measuring equipment

ISP 25178-2:2012, Geometnicagl product specifications (GPS) — Surface texture: Areal — Part
définitions and surface texture parameters

ISP 25178-3:2012, Geometrical product specifications (GPS) — Surface texture: Areal — Part 3: Spd

ogerators

ISP 25178-6:2040, Geometrical productspecifications (GPS) — Surface texture: Areal — Part 6: Cla:

oflmethods{for measuring surface texture

ISP 25178-601:2010, Geometrical product specifications (GPS) — Surface texture: Areal —
Nominal characteristics of contact (stylus) instruments

undated

— Terms,

oordinate

ts for GPS

2: Terms,

cification

bsification

Part 601:

ISO 25178-602:2010, Geometrical product specifications (GPS) — Surface texture: Areal —
Nominal characteristics of non-contact (confocal chromatic probe) instruments

3 Terms and definitions

Part 602:

For the purposes of this document, the terms and definitions given in I[SO 4287, [SO 10360-1, ISO 14406,

ISO 14978, ISO 25178-2, ISO 25178-3, ISO 25178-6, ISO 25178-601, ISO 25178-602 and the
apply.

© IS0 2014 - All rights reserved

following


https://standardsiso.com/api/?name=9795dce94b0e8fc57e4b6a33a33224ca

ISO 25178-605:2014(E)

3.1 Terms and definitions related to all areal surface texture measurement methods

3.11

areal reference
component of the instrument that generates a reference surface with respect to which the surface
topography is measured

3.1.2

coordinate system of the instrument
right hand orthonormal system of axes (x,),2)

Note 1 to
there are

Note 2 to g
for an opti
for a stylu

Note 3 to
instrumern

Note 4 to
ISO 25178

3.1.3
measure
closed ch
positionil

Note 1 to
influence

entry: In this system (x,y) is the plane established by the areal reference of the instrument (Note|t}]
ptical instruments that do not posses a physical areal guide).

cal instrument. The z-axis is in the plane of the stylus trajectory and is perpendicular to-the (x,y) pl
5 instrument (see Figure 1)
entry: Normally, the x-axis is the tracing axis and the y-axis is the stepping axis.~( This note is valid

ts that scan in the horizontal plane.)

-2:2012, 3.1.2 and ISO 25178-6:2010, 3.1.1, respectively.

ment loop
hin which comprises all components connecting the workpiece and the probe, e.g. the means
g, the work holding fixture, the measuring stand, the'drive unit, the probing system

ntry: See Figure 1. The measurement loop will be subjected to external and internal disturbances t}
he measurement uncertainty.

ntry: In this system, z-axis is mounted parallel to the optical axis and is perpendicular to thé)(x,y) pl:ﬁ:e

entry: See also specification coordinate system and measurement cogdrdinate system, as defined|i

Key
1 coord

inate system of the instrument

2 measurement loop

Figure 1 — Coordinate system and measurement loop of instrument

at

e

or

of

at
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3.1.4

re

al surface of a workpiece

set of features which physically exist and separate the entire workpiece from the surrounding medium

[SOURCE: ISO 14660-1:1999, 2.4]

Note 1 to entry: The real surface is a mathematical representation of the surface that is independent of the
measurement process.

Note 2 to entry: See also mechanical surface, as defined in SO 25178-2:2012, 3.1.1.1 or ISO 14406:2010, 3.1.1, and
electromagnetic surface, as defined in ISO 25178-2:2012, 3.1.1.2 or ISO 14406:2010, 3.1.2.

N(
th

3.
su
dd

N(

w

range of the instrument stated in terms of the limits on all three coerdinates measured by the in|

Nd

re

gn
m

N(

Nd
IM

Nd

[S

.6

JL.7

te 3 to entry: The electromagnetic surface considered for one type of optical instrument may be/diff
e electromagnetic surface for other types of optical instruments.

1.5
rface probe
vice that converts the surface height into a signal during measurement

te 1 to entry: In earlier standards this was termed transducer.

easuring volume

te 1 to entry: For areal surface texture measuring instruments, the measuring volume is defined by
the measuring range of the x- and y- drive units,

the measuring range of the z-probing system.

DURCE: ISO 25178-601:2010, 3.4.1]

sponse curve
Fy F,

aphical representation of thefunction that describes the relation between the actual quantit
basured quantity

te 1 to entry: See Figure2.

te 2 to entry: Am-actual quantity in x (respectively y or z) corresponds to a measured quantity xy (re
or zym).

te 3 to erftry: The response curve can be used for adjustments and error corrections.

DURCETISO 25178-601:2010, 3.4.2]

brent from

strument

y and the

spectively

1 O

3-.L-U

amplification coefficient
ax, Ay, Az
slope of the linear regression curve obtained from the response curve

Note 1 to entry: See Figure 3.

Note 2 to entry: There will be amplification coefficients applicable to the x, y and z quantities.

Note 3 to entry: 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.

Note 4 to entry: See also sensitivity of a measuring system (VIM, 4.12)[1]

©
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[ISO 25178-601:2010, 3.4.3, modified — Note 4 has been added.]

Key
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4

ment of the linearity deviation by polynomial approeximation

Figure 2 — Example of nonlinear response curve
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2

Keay

1 [ measured quantities

2 | input quantities

3 | ideal response curve

4 | linearization of the response curve of Figure 2

5| line from which the amplification coefficient'a (slope) is derived
6 | local residual correction error

3.

Figure 3 —Example of linearization of response curve

1.9

instrument noise

Nj
in

environment

N(

light.

Nd

SC

hle_spatial wavelengths of the surface texture.

te 1 to entry: Internal noise can be due to electronic noise, as e.g. amplifiers, or to optical noise, a

te2'to'entry: This noise typically has high frequencies and it limits the ability of the instrument to dg

Note 3 to entry: The S-filter according ISO 25178-3 may reduce this noise.

Lernal noise added\to the output signal caused by the instrument if ideally placed in a noise-free

e.g. stray

tect small

Note 4 to entry: For some instruments, instrument noise cannot be estimated because the instrument only takes
data while moving.

3.

1.10

measurement noise
Nm

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

Note 1 to entry: Notes 2 and 3 of 3.1.9 apply as well to this definition.

Note 2 to entry: Measurement noise includes the instrument noise.

©

ISO 2014 - All rights reserved
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3.1.11

surface topography repeatability
repeatability of topography map in successive measurements of the same surface under the same
conditions of measurement

Note 1 to entry: Surface topography repeatability provides a measure of the likely agreement between repeated
measurements normally expressed as a standard deviation

Note 2 to entry: See VIM,[1] 2.15 and 2.21, for a general discussion of repeatability and related concepts.

Note 3 to_entry: Evaluation of surface topography repeatability is a common method for determining the
measurenjent noise.

3.1.12

sampling interval in x [y]

Dx [Dy]

distance petween two adjacent measured points along the x- [y-] axis

Note 1 to|entry: In many microscopy systems the sampling interval is determined by/the distance between
sensor elements in a camera, called pixels. For such systems, the terms pixel pitch and pikelspacing are often used
interchangeably with the term sampling interval. Another term, pixel width, indicaties)a length associated with
one side (¥ or y) of the sensitive area of a single pixel and is always smaller than the pixel spacing. Yet another
term, sampling zone, may be used to indicate the length or region over which a height sample is determined. This
quantity cpuld either be larger or smaller than the sampling interval.

3.1.13

digitisatjon step in z

Dy

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

3.1.14

lateral r¢solution

Ry

smallest glistance between two features whichcan be detected

[SOURCE] ISO 25178-601:2010, 3.4.10]

3.1.15

width lirnit for full height transmission

1441

width of| the narrowest rectangular groove whose measured height remains unchanged by the
measurement

Note 1 to ¢ntry: Instrunrent’properties such as

— the sampling interval in x and y,

I the dib;t;oat;uu JtCP ;ll Ziy aud

— the short wavelength cut-off filter

should be chosen so that they do notinfluence the lateral resolution and the width limit for full height transmission.

Note 2 to entry: When determining this parameter by measurement, the depth of the rectangular groove should
be close to that of the surface to be measured.

Note 3 to entry: An example is the measuring of a grid for which the grooves are wider than the width limit for full
height transmission. This leads to a correct measurement of the groove depth (see Figures 4 and 5).

© ISO 2014 - All rights reserved
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Note 4 to entry: Another example is the measuring of a grid for which the grooves are narrower than the width
limit for full height transmission. This leads to an incorrect groove depth (see Figures 6 and 7). In this situation, the
signal is generally disturbed and may contain non-measured points.

[1SO 25178-601:2010, 3.4.11, modified — The original notes have been replaced.]
1> W,

4l ™

Figure 4 — Grid with horizontal spacing and t greater than or, @qual to I/}

A\ AN AN AN A AN A
© / \ \ / \ / \ / \ / \ {
ARV ERVARVER Y ARV

Figure 5 — Measurement of grid in Figure 4 =Spacing and depth of grid measured carrectly

<

P —

Figure 6 — Grid with horizontal spacing and ¢’ smaller than W

L
i

Figure 7 — Measurement of grid in Figure 6 — Spacing measured correctly but depth smaller
(d’<d)
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3.1.16
lateral period limit

Drim
spatial period of a sinusoidal profile at which the height response of an instrument falls to 50 %

Note 1 to entry: The lateral period limit is one metric for describing spatial or lateral resolution of a surface
topography measuring instrument and its ability to distinguish and measure closely spaced surface features. Its
value depends on the heights of surface features and on the method used to probe the surface. Maximum values
for this parameter are listed in ISO 25178-3:2012, Table 3, in comparison with recommended values for short
wavelength (s-)filters and sampling intervals.

Note 2 to ¢ntry: Spatial period is the same concept as spatial wavelength and is the inverse of spatial frequehcy.

—-

Note 3 to ¢ntry: One factor related to the value of D1 for optical tools is the Rayleigh criterion (3.3.7). Anethet
the degreg of focus of the objective on the surface.

S

Note 4 to|entry: One factor related to the value of Dyjv for contact tools is the stylus tip, radius, rrip (Jee
ISO 251781601).

Note 5 to|entry: Other terms related to lateral period limit are structural resolutionrand topographic spatjial
resolution

3.1.17
maximum local slope
greatest local slope of a surface feature that can be assessed by the prebing system

Note 1 to ¢ntry: The term local slope is defined in ISO 4287:1997, 3.2.9;

3.1.18
instrument transfer function
ITF
fitF
function pf spatial frequency describing how a surface topography measuring instrument responds [to
an object|surface topography having a specific spatial frequency

Note 1 to gntry: Ideally, the ITF tells us what themeasured amplitude of a sinusoidal grating of a specified spatjal
frequency| v, would be relative to the true amplitude of the grating.

Note 2 to ¢ntry: For several types of optical instruments, the ITF may be a nonlinear function of height except for
heights myich smaller than the optical wavelength.

3.1.19
hysteresjs
XHYS) VHY$» ZHYS
propertyof measuringiequipment or characteristic whereby the indication of the equipment or value|of
the charalcteristicdepends on the orientation of the preceding stimuli

Note 1 to gntry:\Hysteresis can also depend, for example, on the distance travelled after the orientation of stimpli
has changpd-

Note 2 to entry: For lateral scanning systems, the hysteresis is mainly a repositioning error.
[SOURCE: ISO 14978:2006, 3.24]

3.1.20

metrological characteristic

<measuring equipment> characteristic of measuring equipment, which may influence the results of
measurement

Note 1 to entry: Calibration of metrological characteristics may be necessary.

Note 2 to entry: The metrological characteristics have an immediate contribution to measurement uncertainty.

8 © ISO 2014 - All rights reserved
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Note 3 to entry: Metrological characteristics for areal surface texture measuring instruments are given in Table 1.

[ISO 14978:2006, 3.12, modified — The original notes have been replaced.]

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

Metrological characteristic Symbol Definition Main potential
error along

Amplification coefficient Ay, Ay, Az 3.1.8 (see Figure 3) X,z
Lipearity-deviation vtz Masdimumtocal difference between K

the line from which the amplification

coefficient is derived (see Figure 3, key

item 5) and the response curve (see

Figure 3, key item 4)
Residual flatness ZFLT Flatness of the areal reference z
Masurement noise Nm 3.1.10 z
Lateral period limit DrLim 3.1.16 z
P¢rpendicularity ApERxy Deviation from 90° of the angle Xy

between the x- andy~axes
3.2 Terms and definitions related to x- and y-scanning systems
3.1

arjeal reference guide
component(s) of the instrument that generate(s) the,reference surface, in which the probin

m

Ndte 1 to entry: Note to entry: In the case of x- andJ/-scanning areal surface texture measuring instru

ar
of

3.
la

sylstem that performs the scanhing of the surface to be measured in the (x,y) plane

Ndte 1 to entry: There are essentially four aspects to a surface texture scanning instrument system:

dr

which these may be configured and thus there will be a difference between different configurations as

in

Ndte 2 to entry: When a measurement consists of a single field of view of a microscope, x- and y-scan

us
to

©

bves relative to the surface being measured accerding to a theoretically exact trajectory

bal reference guide establishes a reference surface [ISO 25178-2:2012, 3.1.8]. It can be achieved throy

R.2
teral scanning system

ive, the y-axis drive, the,zZ-measurement probe and the surface to be measured. There are differe

Table 2.

ed. Howeverywhen several fields of view are linked together by stitching methods [2], the system is ¢
be a scanning system.

two linear and perpendicular reference guides [ISO 3274:1996, 3.3.2] or one reference surface guiddg.

g system

ments, the
gh the use

the x-axis
ht ways in
explained

hing is not
onsidered

ISO 2014 - All rights reserved
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Table 2 — Possible different configurations for reference guides (x and y)

Drive unit
Two reference guides (x and y) One areal reference guide
Pxo Cy Px o Py CxoCy Pxy Cxy
A: without arcuate
error correction Pxo Cy-A Px o Py-A Cxo Cy-A Pxy-A Cxy-A
Probing -
system S: without arcuate
error or with arcuate | Px o Cy-S Px o Py-S Cx o Cy-S Pxy-S Cxy-S
error corrected

For two giyen functions, fand g, f o g is the combination of these functions.
Px = probing systems moving along the x-axis
Py = probipg systems moving along the y-axis

Cx = comp¢nent moving along the x-axis

Cy = comp¢nent moving along the y-axis

3.2.3
drive unjt x [y]
component of the instrument that moves the probing system or the surface being measured along the
referenceg guide on the x-axis [y-axis] and returns the horizontal position'ef the measured pointin teris
of the lat¢ral x-coordinate [y-coordinate] of the profile

3.24
lateral ppsition sensor
component of the drive unit that provides the lateral positiof/ of the measured point

Note 1 to ¢ntry: The lateral position can be measured or inferred by using, for example, a linear encoder, a lager
interferometer, or a counting device coupled with a micrometre screw.

3.2.5
speed of[measurement
Vx
speed of the probing system relative to the surface to be measured during the measurement along the
X-axis

[SOURCE{ IS0 25178-601:2010, 3141 3]

3.2.6
static nojse
Ns
combinatiion of the ifistrument and environmental noise on the output signal when the instrument is ot
scanning|laterally.

Note 1 to ¢ntry: Environmental noise is caused by e.g. seismic, sonic and external electromagnetic disturbancgs.

Note 2 to entry: Notes 2 and 31 3.9 apply to this definition.
Note 3 to entry: Static noise is included in measurement noise (3.1.10)

3.2.7

dynamic noise

Np

noise occurring during the motion of the drive units on the output signal
Note 1 to entry: Notes 2 and 3 in 3.1.9 apply to this definition.

Note 2 to entry: Dynamic noise includes the static noise.

Note 3 to entry: Dynamic noise is included in measurement noise (3.1.10).

10 © ISO 2014 - All rights reserved
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IS0 25178-605:

3 Terms and definitions related to optical systems

3.1

light source
optical device emitting an appropriate range of wavelengths in a specified spectral region

3.
m

3.2
easurement optical bandwidth

Bo

ra

N(

3.
m
Ao
ef]

Nd
Sp

ar
arn

N(

.p.4

B.5

nge of wavelengths of light used to measure a surface

2014(E)

3.3
easurement optical wavelength

fective value of the wavelength of the light used to measure a surface

te 1 to entry: The measurement optical wavelength is affected by conditions.such as the light source
ectral transmission of the optical components, and spectral response of the.iimage sensor array.

jgular aperture
gle of the cone of light entering an optical system from a peint on the surface being measur¢

DURCE: ISO 25178-602:2010, 3.3.3]

If aperture angle

e half of the angular aperture

te 1 to entry: This angle (see Figure 8) isisometimes also called half cone angle.

Nl B

l

te 1 to entry: Instruments may be constructed with light sources with a limited optical bandwidth a]lld/OI' with
additional filter elements to further limit the optical bandwidth.

spectrum,

bd

Key

L  lens or optical system
P focal point

a halfaperture angle

Figure 8 — Half aperture angle
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3.3.6

numerical aperture

AN

sine of the half aperture angle multiplied by the refractive index n of the surrounding medium (An = n
sina)

Note 1 to entry: In air for visible light, n = 1.

Note 2 to entry: The numerical aperture is dependent on the wavelength of light. Typically the numerical aperture
is specified for the wavelength that is in the middle of the measurement optical bandwidth.

3.3.7
Rayleigh| criterion
quantity rharacterizing the spatial resolution of an optical system given by the separation of fwo point
sources gt which the first diffraction minimum of the image of one point source coincid€s with the
maximum of the other

Note 1 to entry: For a theoretically perfect, incoherent optical system with a filled objective ‘pupil, the Rayleigh
criterion df the optical system is equal to 0,61 Ag/AN.

Note 2 to jentry: This parameter is useful for characterizing the instrument response to features with heights
much less|than Ag for optical 3D metrology instruments.

3.3.8
Sparrow|criterion
quantity rharacterizing the spatial resolution of an optical system«given by the separation of two point
sources at which the second derivative of the intensity distribution vanishes between the two imagpd
points

Note 1 to entry: For a theoretically perfect, incoherent optical system with a filled objective pupil, the Sparr¢w
criterion df the optical system is equal to 0,47 Ao/AN, approximately 0,77 times the Rayleigh criterion (3.3.7).

Note 2 to lentry: This parameter is useful for characterizing the instrument response to features with heights
much less|than Ag for optical 3D metrology instruments.

Note 3 to gntry: Under the same measurementconditions as the notes above, the Sparrow criterion is nearly equal
to the spatial period of 0,50 Ag/An, for which the theoretical instrument response falls to zero.

3.4 Terms and definitions related to optical properties of workpiece

3.4.1
surface film
surface Igyer
material fleposited onto-another surface whose optical properties are different from that surface

3.4.2

thin film|
film whogethickness is such that the top and bottom surfaces cannot be readily separated by the optigal
measuringsystem

Note 1 to entry: For some measurement systems with special properties and algorithms, the thicknesses of thin
films may be derived.

3.4.3

thick film

film whose thickness is such that the top and bottom surfaces can be readily separated by the optical
measuring system
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3.4.4
optically smooth surface
surface from which the reflected light is primarily specular and scattered light is not significant

Note 1 to entry: An optically smooth surface behaves locally like a mirror.

Note 2 to entry: A surface that acts as optically smooth under certain conditions, such as wavelength range,
numerical aperture, pixel resolution, etc., can act as optically rough when one or more of these conditions change.

3.4.5

Ol

tically rough surface

Su

N(
nu

te 1 to entry: A surface that acts as optically rough under certain conditions, such as wavelen
merical aperture, pixel resolution, etc., can actas optically smooth when one or more of these-conditio

3.4.6

Of

tically non-uniform material

sample with different optical properties in different regions

Nd
Vig

3.
3.

te 1 to entry: An optically non-uniform material may result in measured phase differences across {
bw that can be erroneously interpreted as differences in surface height.

5 Terms and definitions specific to point autofocus profiling

5.1

probing system

<§

urface texture, point autofocus probe> components ‘of the instrument called point autofo(

consisting of an autofocus optical system, an autofdcus mechanism and an electronic controll

3.

pq
dd
au

3.
pq
su
ce
of]

[S

3.
ol
oH

3.

5.2

jint autofocus probe

vice that converts the height of a point’on a surface into a signal during measurement
tofocus function

b.3

pint autofocus profiling

rface topography measurement method whereby the local surface heightis measured by auto
ntring a focused light béam reflected from the sample onto a position sensitive detector as 3
surface height

DURCE: ISO 2517856:2010, 3.3.11]

5.4
jective
jectivederls that focuses the light source image on to the workpiece surface

65

a

rface that does not behave as an optically smooth surface, i.e. where scattered light is signiﬂicant

bth range,
ns change.

he field of

'us probe,
2

using the

matically
function

tafocnccaon

SO
TOTOCO S STITOUT

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

3.5.6
autofocus mechanism
autofocus driving mechanism that positions optical elements or the whole optical system

3.5.7
Z position sensor

se

nsor that measures the vertical position of the measured point

© IS0 2014 - All rights reserved
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3.5.8
working

distance

<point autofocus probe> distance measured along the optical axis between the element closest to the
surface and the focus point on the surface

3.59
spot size
Wspot
<point au

tofocus probe> size that forms the focus image of the light source on the workpiece surface

3.5.10
focus range

range of
Note 1 to {

3.5.11
vertical 1

RVERT
<point ay
accuracy

3.5.12

measurable minimum reflection ratio

MREF
minimun
surface

3.5.13
autofocul

RAF

measuremment repeatability of the autofocus function that does not include environmental noise

3.5.14

speckle noise

uneven rq

4 Desq

4.1 Ge

Point aut
which su

measurement process.

The instr

height, within which the focusing point exists

ntry: Range where the autofocus sensor can detect the extreme defocused points.
fange

tofocus probe> measuring range that can output digital data with demonstrated measuri
along a vertical direction in the movable range of the autofocus méchdnism

ratio of the reflected light intensity to the incident light intensity for a measurable workpie

s repeatability

pflected optical intensity generated by irregular micro-scale geometry within the spot size

criptions of the influence quantities

heral

bfocus probeiinstruments provide a measurement of lateral (x and y) and height (z) values frq
face texture parameters are calculated. Point autofocus probe instruments use the followi

ument measures surface texture by automatically focusing a laser beam on a point on t

m

he

workpie

QIIYF:H‘P, mnving the ‘Mnrl(pipr‘p surface in a fixed measurement pifr‘h ncing an x-y scanni

stage, and measuring the workpiece surface height at each focused point (see Annex A).

4.2 Influence quantities

Influence quantities for point autofocus probe instruments are given in Table 3. The table indicates
the metrological characteristics (see 3.1.20 and Table 1) that are affected by deviations of influence
quantities.

14
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Table 3 — Influence quantities

Metrological
Component Element Influence quantities characteristic
affected ...
Light source Ao Measurement optical wavelength Drim
Wspot |Spot size Drim
Probing AN |Numerical aperture DrLim
system Autofocus probe MRggr_|Measurable minimum reflection ratio NM
Rar |Autofocus repeatability M
D, |Height digitisation step M
Position sensor 0x |xposition sensor resolution Drim
(linear scale, 8y |y position sensor resolution DM
encoder, ...) Oz z position sensor resolution M
Height component (z-axis direction)’of the
ZSTR(x) |Straightness of the stage movementalong the AFLT
Areal reference x-axis
i i guide (height com- : .\ .
Dfive unit ponent) Height component (z-axis direction) of the
ZSTR(y) |Straightness of the stage movement along the AFLT
y-axis
X Lateral component of the straightness of the A )
Arfeal reference STR(Y) |stage movementalong the y axis (twist) PHRxy y
guide (lateral com- :
ponent) VSTR Lateral component y of the straightness of the Apdrye, ]
() |stage movement along the x axis (twist) Xy X
Lateral'sampling interval, equal to the lateral Drim
Dyor D), ] . .
scanning pitch of the x-y scanning stage
Ng Static noise VM
Instrument Nf"® |Dynamic noise VM
Environmental Vibration: unwanted motion
Nyigp |between the surface being measured and the M
optical system.
. Tilt: relative angle between the optical axis of e
TLT" | the system and the sample normal o[y Tz
2 |The relative phase shift upon reflection of dis-
Dpis L. . o,
similar materials
Sample Thickness of transparent or semi-transparent
films. These films typically have thickness com-
Tt npa parable to the illumination wavelength. Note .
FLM™ | that thinner contamination or native oxide films z
do not necessarily affect the phase measure-
mantnracacc

.....

a  These influence quantities affect the calculation of areal parameters but should not influence the metrological
characteristics described in Table 1.
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A.1 Int

A point ay
ontoap
using an ;

A2 Pr

Figure A,
focused t

hand side
reflected
autofocus

Figure A,
defocus {

autofocus
sensor dd
inordert
to the mo
scale is u
autofocus
since the
probes h:
movable

Annex A
(informative)

General principles

roduction

itofocus profiling instrument measures surface texture by automatically focusing a laser’bed
bint on the specimen surface, moving the specimen surface with a fixed measurément pit
k-v scanning stage, and measuring the specimen surface height at each focused point.

nciple of a typical point autofocus probe

1 illustrates a typical optical system for point autofocus probing. A laser beam that can
o a small spot is generally used for the light source. The laser beam passes through the le
of the objective and focuses on to the workpiece surface at the-centre of the optical axis. T
laser beam passes through the right-hand side of the objective and forms an image on t
sensor after passing through the imaging lens. Figure A.1{shows the “in-focus” state.

2 shows the principle of the autofocus operation. 1) shows the in-focus state. 2) shows t
tate. When the workpiece surface is displaced downward, the laser beam position on t

sensor changes accordingly. The autofocus sensor-detects the laser spot position; hence, t
tects the laser spot displacement and feeds this information back to the autofocus mechanig
D adjust the objective to the in-focus positionzThe workpiece surface displacement (z1) is eq
ving distance of the objective (z2), and thewertical position sensor (typically a linear positi
sed) obtains the height information ofithe workpiece (3). A distinctive feature of the poi

probe is that it is not influenced by the colour or reflection coefficients of workpiece surfag
autofocus sensor detects the pogition of the laser spot, not the intensity. Also, point autofoc
lve a wide measuring range and high resolution in the z coordinate, which is equivalent to t
Fange and repeatability of the'autofocus mechanism.

m

be
ft-
he
he

he
he
he
m
al
bn
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a

y
autofocus sensor

iniage lens

light source

vertical positioning sensor
workpiece

laser beam

half mirror

autofocus mechanism

O© 0 N O U1 o W N =

objective
10 x-y scanning stage

Figure A.1 — Schematic diagram of a typical point autofocus probe
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b) Defocus
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c) Refocus

Figure A.2 — Principle-of'a typical point autofocus operation
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Annex B
(informative)

Spot size and focal shift

The spot size not only determines the lateral resolution but also provides the focal shift parameter for

surface n

of the obj

w.

spot

where
A i
Ay i
However,

size is ex
commonl

size is giyen by

Wspot

20

pctive, the spot size (Wspot) at its focal plane is generally given by:

1,222
Ay

5 wavelength of the light source
5 the numerical aperture
in the case of a light source with a Gaussian intensity diStribution, such as a laser, the sp

bressed as a diameter, where the intensity is a specified‘fraction of the maximum intensity
i used fraction is 1/e2 (=13,5 %) of the maximum intensity (Figure B.1). The associated sp

0,64
Ay

easurement. When a parallel beam with a uniform intensity distribution enters from the balck

ot
A
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Figure B.1 — Spot size

bure B.2 shows an example of focal shiftfactors caused by different spot sizes.

S

bure B.2 a) shows a large spot image on the autofocus sensor resulting from reflection of th

pe of the convex workpiéece surface is greater than aj, which causes ray (B) to miss the
tical intensity cah.eccur within the spot area on the autofocus sensor. When the autofoc

Pasurement €rror.

lerefore, the autofocus sensor detects the ray on the slope of the convex workpiece surface,

sij

ze generates a smaller focus position shift, AE>

b incident

ser beam from an irregular workpiece surface. In this case the reflecting angle of ray (4) af the peak
the convex workpiece surface is less than the half aperture angle (@1) and forms the imajge on the
tofocus sensor that results in a bright area (A"). Conversely, the reflecting angle of ray (|B) on the

objective

d thus form no image)on the autofocus sensor resulting in the dark area (B’). This is hoy uneven

IS sensor

tects the geometrical centre of the spot area, the focus position shifts to AE1. This effect is a|source of

le half aperture angle (a2) in the optical system in Figure B.2 b) is greater than a1 in Figyre B.2 a).

resulting

a,smaller dark area and less variation of optical intensity in the spot area. In addition, a smpller spot
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. AEy

Dark area
B'— |

1— |

AE{ > AE,

Dark area

Bright area A’

Ws pot J‘#
4 e

a)
Key

1 geometfrical centre of spot

2 autofoqus sensor
objectiye

4 workplece

ap  halfapprture angle

ay  half apprture angle

Wespotspot size

A reflecting angle,of ray

B reflecting-angle of ray

o < a

b)

Figure B.2 — Simplified diagram of the point autofocus optical system showing the spot size
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and focal shift
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Annex C
(informative)

Beam offset direction and maximum acceptable local slope

The maximum acceptable local surface slope that can be measured with a point autofocus sensor varies
with the laser beam offset direction. Figure C.1 shows the laser beam path offset along the y.cpordinate
difection. The maximum acceptable local slope angles parallel to the offset direction.are 41 and Az
[Figure C.1. a)]. The maximum acceptable local slope angle perpendicular to the offset direction is A3
[Figure C.1. b)]. The maximum acceptable local slope angles A1, A2 and A3 are given by

A1<a

(2]
OC+E—G
A2<

2

As <ﬁ+2
2 4

NQTE Greater slope angles are measurable if the surface'roughness produces appreciable diffusely scattered
light (see ISO 25178-602:2010, 3.4.14).
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