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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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ules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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mittee responsible for this document is ISO/FC 213, Dimensional and geometrical prody
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b1y Nominal characteristics of contact (stylus) instruments

— Part 602: Nominal characteristics of non-contact (confocal chromatic probe) instruments

— Part603: Nominal characteristics ofnon-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
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The following parts are planned:
— Part 73: Defects on material measures — Terms and definitions
— Part 600: Metrological characteristics for areal-topography measuring methods

— Part 607: Nominal characteristics of non-contact (imaging confocal microscopy) instruments
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Introduction

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

The ISO/GPS Masterplan given in ISO/TR 14638 gives an overview of the ISO/GPS system of which this
part of ISO 25178 is a part of. The fundamental rules of ISO/GPS given in ISO 8015 apply to this part of
[SO 25178 and the default decision rules given in ISO 14253-1 apply to specifications made in accordance

B B e LICA C470 1 &1 : FE FOR |
with this pPartor ooz 5170, eSS otrerwisematrcatea:

For more|detailed information of the relation of this part of ISO 25178 to other standards and the GPS
matrix mpdel, see Annex B.

This parf of ISO 25178 describes the metrological characteristics of focus variation~microscopes
designed|for the measurement of surface topography maps.

For more|detailed information on the focus variation technique, see Annex A.

NOTE Portions of this part of ISO 25178, particularly the informative sectionsj.describe patented systes
and methads. This information is provided only to assist users in understanding the aperating principles of foqus
variation.[This part of ISO 25178 is not intended to establish priority for any ihtellectual property, nor doey it
imply a license to proprietary technologies described herein.
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Scope

lis part of ISO 25178 defines the metrological characteristics of a partictilar non-contad
basuring surface texture using a focus variation (FV) sensor.

Normative references

Hispensable for its application. For dated references, only,'the edition cited applies. For
ferences, the latest edition of the referenced document (imcluding any amendments) applies

D 3274:1996, Geometrical Product Specifications (GPS)’— Surface texture: Profile method —
aracteristics of contact (stylus) instruments

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

D 10934-2:2007, Optics and optical instruments — Vocabulary for microscopy — Part 2:
Chniques in light microscopy

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

D 17450-1, Geometrical product specifications (GPS) — General concepts — Part 1: Model for g€
ecification and verifidation

D 25178-2:2012 Geometrical product specifications (GPS) — Surface texture: Areal — Part
finitions and stiface texture parameters

D 25178<3:2012, Geometrical product specifications (GPS) — Surface texture: Areal —
ecification operators

D25178-6:2010, Geometrical product specifications (GPS) — Surface texture: Areal — Part 6: Clas

t method

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

undated

- Nominal

— Terms,

Advanced

ts for GPS

ometrical

2: Terms,

- Part 3:

sification

of
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ISO 25178-601, Geometrical product specifications (GPS) — Surface texture: Areal — Part 601: Nominal

ch

aracteristics of contact (stylus) instruments

ISO 25178-602, Geometrical product specifications (GPS) — Surface texture: Areal — Part 602: Nominal

ch

3

aracteristics of non-contact (confocal chromatic probe) instruments

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3274, ISO 4287, ISO 10934-2
ISO 17450-1, ISO 14978, ISO 25178-2, ISO 25178-3, ISO 25178-6, ISO 25178-601, ISO 25178-602, and the

following apply.
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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, y, z) defined as:

- (X, J’)
optic

—  Zz-axi
optid

Note 1 to ¢

Note 2 to
instrumern

Note 3 to ¢
system [IS

3.1.3

measure
closed ch|
means of]
system (3|

Note 1 to ¢

Note 2 to ¢
measuren

is the plane established by the areal reference (3.1.1) of the instrument (note that there’a
al instruments that do not posses a physical areal guide);

5 is mounted parallel to the optical axis and is perpendicular to the (x, y) plane for
al instrument

ntry: 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).

ntry: See also specification coordinate system [ISO 25178-2:2012, 3.1:2] and measurement coording
0 25178-6:2010, 3.1.1].

ment loop

ain which comprises of all the components connecting the workpiece and the probe, e.g. t
positioning, the work holding fixture, the measufing stand, the drive unit, and the probi
5.3)

ntry: See Figure 1.

ntry: The measurement loop will be subjected to external and internal disturbances that influence t
ent uncertainty.

or

© ISO 2015 - All rights reserved
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Kegy
coordinate system of the instrument
measurement loop

Figure 1 — Coordinate system and measurement loop of the instrument

3.1.4
real surface of a workpiece
set of features which physically exist'and separate the entire workpiece from the surrounding medium

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

Ndte 2 to entry: See dlsp® mechanical surface [ISO 25178-2:2012, 3.1.1.1 or ISO 14406:2010, B.1.1] and
el¢ctromagnetic surfaceISO 25178-2:2012, 3.1.1.2 or ISO 14406:2010, 3.1.2].

Nate 3 to entry: The)electromagnetic surface considered for one type of optical instrument can be different from
the electromagnétic surface for other types of optical instruments.

[SPURCE:1S0 17450-1:2011]

3.L.5
surface probe
device that converts the surface height into a signal during measurement

Note 1 to entry: In earlier International Standards, this was termed transducer.

3.1.6
measuring volume
range of the instrument stated in terms of the limits on all three coordinates measured by the instrument

Note 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 and the measuring range of the z-probing system.

[SOURCE: ISO 25178-601:2010, 3.4.1]

© IS0 2015 - All rights reserved 3
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3.1.7

response curve

graphical

representation of the function that describes the relation between the actual quantity and the

measured quantity

Note 1 to entry: See Figure 2.

Note 2 to entry: An actual quantity in x (respectively y or z) corresponds to a measured quantity xy
(respectively ym or zym).

Note 3 to ¢
[SOURCE

3.1.8

amplific;
ay, ay, az
slope of t

Note 1 to ¢
Note 2 to ¢

Note 3 to
measuran

Note 4 to ¢

[SOURCE

ntry: The response curve can be used for adjustments and error corrections.

ISO 25178-601:2010, 3.4.2]

ation coefficient

he linear regression curve obtained from the response curve (3.1.7)
ntry: See Figure 3.
ntry: There will be amplification coefficients applicable to the x, y, and.z quantities.

entry: The ideal response is a straight line with a slope equal to-I{which means that the values of the
1 are equal to the values of the input quantities.

ntry: See also sensitivity of a measuring system (ISO/IEC Guide 99:2007, 4.12).
[SO 25178-601:2010, 3.4.3, modified — Note 4 t@ entry has been added.]

3 IIIIIIIIIIIF<1IIIIIIIIIIIII

"

IIlIiIIIIIIIIIIIIIIlJJII\

) I O T ¢ A

B oW N R

input

L

response curve
assessment of the linearity deviation by polynomial approximation
measured quantities

quantities

Figure 2 — Example of a non-linear response curve
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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

Figure 3 — Example of the linearization of a response curve

3.1.9

instrument noise
Ny
infernalnoiseadded to theoutputsignal caused by the instrument, ifideally placed inanoise-free enyironment

Nate 1 to entry: Inteérnal noise can be due to electronic noise, e.g. amplifiers, or to optical noise, e.g. strpy light.

Nqte 2 to entry: This noise typically has high frequencies and it limits the ability of the instrument to d¢tect small
scale spatialwavelengths of the surface texture.

Ndte 3,tosentry: The S-filter, according to ISO 25178-3:2012, can reduce this noise.

Nqte4 to entry: For some instruments, instrument noise cannot be estimated because the instrumentjonly 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 (3.1.9).

© IS0 2015 - All rights reserved 5
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3.1.11

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

Note 1 to entry: Surface topography measurement repeatability provides a measure of the likely agreement

betweenr

epeated measurements normally expressed as a standard deviation.

Note 2 to entry: See ISO/IEC Guide 99:2007, 2.15, and 2.21 for the general discussion of repeatability and

he

ral

kel

ys
er
1.

nt

nd
ht

1d

related concepts.

Note 3 to| entry: Evaluation of surface topography repeatability is a common method for determining-
measurempnt noise (3.1.10).

3.1.12

sampling interval in x (respectively y)

Dy (Dy)

distance petween two adjacent measured points along the x-axis (respectively y-axis)

Note 1 td entry: In many microscopy systems, the sampling interval is determined through the opti
magnificafion by the distance between sensor elements in a camera called pixels. Fop such systems, the terms
pixel pitch and pixel spacing are often used interchangeably with the term samplinginterval. Another term, pi
width, indicates a length associated with one side (x or y) of the sensitive area of a single pixel and is alwg
smaller thpn the pixel spacing. Yet another term, sampling zone, may be usedrto‘indicate the length or region oy
which a hgight sample is determined. This quantity could either be larger.or,smaller than the sampling interva
3.1.13

digitisatjon step in z

Dz

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

3.1.14

lateral re¢solution

Ri

smallest glistance between two features which'can be detected

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

3.1.15

width limnit for full height transniission

Wi

widthofthe narrowestrectangulargroove whose measured heightremainsunchanged bythe measureme
[SOURCE] ISO 25178-601:2010, 3.4.11]

Note 1 to fentry: Instijument properties such as the sampling interval in x and y, the digitization step in z, a
the short wavelength cut-off filter can influence the lateral resolution (3.1.14) and the width limit for full heig
transmissjon,

Note 2 to entEy-When-determining-thisparameterby-measurementthe-depth-oftherectangular-groove-shot

be close to that of the surface to be measured.

EXAMPLE 1

Measuring a grid, for which the grooves are wider than the width limit for full height transmission,

leads to a correct measurement of the groove depth (see Figure 4 and Figure 5).

© ISO 2015 - All rights reserved
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EXAMPLE 2
(3
di

}

Y

Figure 4 — Grid with horizontal spacing where t is greater than or equal to W;

Figure 5 — Measurement of the grid in Figure 4; the spacing and depth of the grid
measured correctly

Measuringagrid, for which the grooves are nacrvower than the width limit for full height tr

1.15), leads to an incorrect groove depth (see Figure 6-and Figure 7). In this situation, the signal is
sturbed and may contain non-measured points.

F<W

are

insmission
generally

Figure 6 — Grid with horizontal spacing t’ smaller than W;

Figure 7 — Measurement of the grid in Figure 6; the spacing is measured correctly, but the

depth is smaller (d’ < d)

© ISO 2015 - All rights reserved
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3.1.16

lateral period limit

Drim

the 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. Typical values,
mainly for noise suppression, are listed in ISO 25178-3:2012, Table 3, in comparison with the recommended values
for short wavelength (s-filters), and sampling intervals.

Note 2 to ¢

Note 3 to
another is

Note 4 td
(see ISO 2

Note5toe

3.1.17
maximui
greatest|

Note 1 to ¢

3.1.18
instrume
ITF

fiTF

function
an object

Note 1 to g
frequency

Note 2 to ¢
heights m

3.1.19
hysteres

XHYS, VHY
property

ntry: Spatial period is the same concept as spatial wavelength and is the inverse of spatial frequency:

the degree of focus of the objective on the surface.

entry: One factor related to the value of Dpjv for contact tools is the stylus tip radius, r
5178-601).

htry: Other terms related to lateral period limit are structural resolution and topagraphic spatial resoluti

m local slope
ocal slope of a surface feature that can be assessed by the probing system

ntry: The term “local slope” is defined in ISO 4287:1997, 3.2.9

ent transfer function

bf spatial frequency describing how a surfa¢e topography measuring instrument responds
surface topography having a specific spatial frequency

v would be relative to the true amplitude of the grating.

ntry: For several types of opticalinstruments, the ITF may be a non-linear function of height, except
ich smaller than the optical wavelength.

IS
» ZHYS
of measuring €quipment or characteristic, whereby the indication of the equipment or value

the charalcteristic depénds on the orientation of the preceding stimuli

Note 1 to
stimuli ha

entry:Hysteresis can also depend, for example, on the distance travelled after the orientation
s changed.

Note 2 to

entry: One factor related to the value of Dyjm for optical tools is, e.g. the Rayleigh criterion-(3.3.]

ntry: Ideally, the ITF tells us what the measured amplitude of a sinusoidal grating of a specified spatj

1P

pn.

of

of

ntey: For lateral scanning systems (3.2.2), the hysteresis is mainly a repositioning error.

[SOURCE: ISO 14978:2006, 3.24]

3.1.20

metrological characteristic (of a measuring instrument)
<measuring equipment> characteristic of measuring equipment which may influence the results of
the 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.

Note 3 to entry: Metrological characteristics for areal surface texture measuring instruments are given in Table 1.

© ISO 2015 - All rights reserved
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Table 1 — List of metrological characteristics for surface texture measurement methods

3.

3.
ar

.1

Metrological Symbol Definition Main
characteristic potential
error
along
Amplification coefficient |ox, ay, az |3.1.8 (see Figure 3) X,z
Lillcdl lty dCVidtiUll IXJ l’Y, l’[‘ rV’IdAilllulll IULdl dlffl:l CIILT A,_y, 4
between the line from
which the amplification
coefficient is derived (see
Figure 3 - key 5) and the
response curve
(see Figure 3 - key 4)
Residual flatness ZFLT Flatness of the areal %
reference
Measurement noise Nm 3.1.10 z
Lateral period limit Drim 3.1.16 z
Perpendicularity ApERxy Deviation from 96° of the Xy
angle betweéen'the x- and
y-axes

eal reference guide

2 Terms and definitions related to x- and y-scanning systems

component(s) of the instrument that generate(s) the reference surface in which the probirg system

m

Nd

pbves relative to the surface being meastired according to a theoretically exact trajectory

te 1 to entry: In the case of x- and y;scanning areal surface texture measuring instruments, the area) reference

guide establishes a reference surface‘f}SO 25178-2:2012, 3.1.8]. It can be achieved through the use of fwo linear

an

3.
la

SY
Nd

th
m

p.2

teral scanning system
stem that performs‘the scanning of the surface to be measured in the (x, y) plane

d perpendicular reference guides [ISO 3274:1996, 3.3.2] or one areal reference surface guide.

te 1to entry: Thergare essentially four aspects to a surface texture scanning instrument system; the x{axis drive,
P y-axis drive,thez-measurement probe, and the surface to be measured. There are different ways in which these
hy be configured, and thus, there will be a difference between different configurations as explained in[Table 2.

© ISO 2015 - 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
Px o Cya Px o Py CxoCy Pxy Cxy
A: without
arcuate error Pxo Cy-A Px o Py-A Cx o Cy-A Pxy-A Cxy-A
correction
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

NOTE  Fpr two given functions, fand g, f o g is the combination of these functions.
a  Px=probing system moving along the x-axis
Py = probing system moving along the y-axis

Cx = c¢mponent moving along the x-axis

Cy = cmponent moving along the y-axis

Note 2 to entry: When a measurement consists of a single field of view of a mickoscope, x- and y-scanning is not
used. However, when several fields of view are linked together by stitching methods (see ISO 25178-601), the
system is fonsidered to be a scanning system.

3.2.3
drive unjt x (respectively y)
component of the instrument that moves the probing system or the surface being measured along the
reference guide on the x-axis (respectively y-axis) and returns the horizontal position of the measurgd
point in terms of the lateral x-coordinate (respectivelyj»coordinate) of the profile

3.2.4
lateral ppsition sensor
componeht of the drive unit that provides thelateral position 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 micrometer screw.

3.2.5
speed of[measurement
Vx
speed of the probing systefrelative to the surface to be measured during the measurement along the x-ax

—

S
[SOURCE{ ISO 25178-601:2010, 3.4.13]

3.2.6
static nojse
Ns
combinatiormrofthefnstrumentandenvironmentat noiseonthe outptt bigual whenthe-instromentistot
scanning laterally

Note 1 to entry: Environmental noise is caused by, e.g. seismic, sonic, and external electromagnetic disturbances.
Note 2 to entry: Notes 2 and 3 in 3.1.9 apply to this definition.

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

10 © IS0 2015 - All rights reserved
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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 (3.2.6).

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

2015(E)

3.8 Terms and definitions related to optical systems

3.8.1
light source
optical device emitting an appropriate range of wavelengths in a specified spectralregion

3.8.2

measurement optical bandwidth
Bo
range of wavelengths of light used to measure a surface

Nate 1 to entry: Instruments may be constructed with light sources with alimited optical bandwidth and/or with

additional filter elements to further limit the optical bandwidth.

3.8.3

measurement optical wavelength
Ao
effective value of the wavelength of the light used*te measure a surface

Ndte 1 to entry: The measurement optical wavelength is affected by conditions such as the light source
spectral transmission of the optical components;-and spectral response of the image sensor array.

3.4
angular aperture
arlgle of the cone of light entering an’ optical system from a point on the surface being measur

—
%)

DURCE: ISO 25178-602:201053.3.3]

B.5
If aperture angle

R =W
o -

orle half of the aagilar aperture (3.3.4)

Ndte 1 to entrys This angle (see Figure 8) is sometimes also called as half cone angle.

spectrum,

bd
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Nl

Key

L lensg
P  focal}
a halfa

3.3.6
numeric
AN

sine of th

Note 1 to ¢
Note 2 to ¢

Note 3to d
is specifie

3.3.7

Rayleigh
quantity
sources J
maximun

Note 1 to
criterion d

Note 2 to
much less

3.3.8

r optical system
boint

berture angle

Figure 8 — Half aperture angle

hl aperture

e half aperture angle (3.3.5) multiplied by the refractiveé index n of the surrounding medium
ntry: AN = n sina
ntry: In air for visible light, n = 1.

ntry: The numerical aperture is dependenton the wavelength of light. Typically, the numerical aperty
d for the wavelength that is in the middle-ef the measurement optical bandwidth (3.3.2).

criterion

Characterizing the spatialresolution of an optical system given by the separation of two-poi
t which the first diffraction minimum of the image of one point source coincides with t
1 of the other

entry: For a theor€tically perfect, incoherent optical system with a filled objective pupil, the Raylei
f the optical system is equal to 0,61 Ap/AN.

than Aq.

Sparrow

nt
he

oh

entry: This parameter is useful for characterizing the instrument response to features with heights

Criterion

quantity characterizing 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-imaged points

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

Note 2 to entry: This parameter is useful for characterizing the instrument response to features with heights

much less

than Ay.

Note 3 to entry: Under the same measurement conditions as the notes above, the Sparrow criterion is nearly equal
to the spatial period of 0,5 Ao/An, for which the theoretical instrument response falls to zero.

12
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3.4 Terms and definitions related to optical properties of the workpiece

3.4.1
surface film
material deposited onto another surface whose optical properties are different from that surface

Note 1 to entry: This concept may also be called surface layer.

3.4.2

th
fil

in film

whaocaothickunoaccic cnoch thatthnton o d ot cnfane nopm b bz canaratad byt
tHHE €55 -t BB DE-+¢€ T

he optical

m

N(
fil

3.4.3

t
fil
m

3.4.4

Of
sy

N(

Ng
ap|

3.4.5

Of
sy

N(
ap|

3.
Of

sample with different opticdl properties in different regions

Nd
Vig

3.
3.

n LG
T VvV ITO ST CITTCISIT T SoCritriroc oIt opT™ TTTUTIT St T roc oo CaOTIiroT Ty SCpouroatcooy ¢

Pasuring system

te 1 to entry: For some measurement systems with special properties and algorithms, the thicknes
ms may be derived.

ick film
m whose thickness is such that the top and bottom surfaces can be readily separated by t}
pasuring system

tically smooth surface
rface from which the reflected light is primarily specular anid scattered light is not significd
te 1 to entry: An optically smooth surface behaves locally like<@ mirror.

te 2 to entry: Asurface thatacts as optically smooth under certain conditions such as wavelength range
erture (3.3.6), pixel resolution, etc. can act as opticallyxrgdgh when one or more of these conditions ch

tically rough surface
rface that does not behave as an optically'smooth surface (3.4.4), i.e. where scattered light is s

te 1toentry: Asurface thatacts as optically rough under certain conditions such as wavelength range,
erture, pixel resolution, etc. can act as*optically smooth when one or more of these conditions chang]

1.6
tically non-uniform material

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

5 Termsand definitions specific to focus variation instruments

5.1

focus'variation microscopy

F

ses of thin

ne optical

nt

numerical
hnge.

gnificant

numerical
e.

he field of

surface topography measurement method whereby the sharpness of the surface image (or another
property of the reflected light at optimum focus) in an optical microscope is used to determine the
surface height at each position along the surface

[SOURCE: ISO 25178-6:2010, 3.3.9]

3.5.2

fo

cus variation sensor

device that converts the height of points on the surface into signals during measurement using the focus
variation method

©

ISO 2015 - All rights reserved
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3.5.3

probing system
<surface texture, focus variation sensor (3.5.2)> components of a focus variation instrument consisting
of optical components, a vertical scanner, a digital optical sensor, an illumination system, and an

optoelect

3.5.4

ronic controller

focus variation measurement algorithm
algorithm for analyzing the variation of focus in order to calculate the scan positions where each point

fic

is

al

is bestin focus

3.5.5

focus infprmation

measure fo quantify the degree of focus at a specific lateral position in the surface image and at a’speci
vertical sgan position

3.5.6

focus infprmation curve

one-dimgnsional function where the x-axis contains the different vertical scan pasitions and the y-aj
contains the corresponding focus information (3.5.5)at a specific lateral position in the surface image
3.5.7

light soufce

<focus variation sensor> source of light containing a continuum of wavelengths in a predefined specti
and spatipl range

Note 1 to ¢ntry: Possible light sources are coaxial illumination, ringdight, and external light sources.

3.5.8

angular range of illumination

a

angular rpnge from which the specimen is illuminated

3.5.8.1

angular range of coaxial illumination

ai

angular rpnge from which the specimen is coaxially illuminated

Note 1 to ¢ntry: The value aj can be influenced by the choice of the objective.

Note 2 to ¢ntry: The value aj is‘often related to the angular range of detection (see Figure 10).

Note 3 to ¢ntry: In ordinaky cases, the value aj can be derived from the numerical aperture of the objective.
Note 4 to ¢ntry: When'special illumination sources are used (ring light, external light source, etc., see Figure P
the anguldr range.ofillumination (3.5.8) can be much larger than aj.

3.5.8.2

minimum incident angle of ring light illumination

ﬁlmin

minimum incident angle of ring light illumination from which the specimen is illuminated

3.5.8.3

maximum incident angle of ring light illumination

ﬁlmax

maximum incident angle of ring light illumination from which the specimen is illuminated

14
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Keqy

L lens of optical system

R  ringlight

o angular range of coaxial illumination

Prhin minimum incident angle of ring light illumination
Prhax maximum incident angle of ring light illumination

S specimen
Figure 9 — Angular range @fiHumination

3.p.9

angular range of detection
o
arlgular range of light rays that can be gatheted by the objective (see Figure 10)

RL

Key

L  lens of optical system

RL ring light

ap angular range of detection

S  specimen

Figure 10 — Angular range of detection
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3.5.10
scan height
total range of physical path length traversed by the FV scan

Note 1 to entry: The scan height is usually synonymous with the total displacement of the FV sensor mechanically
translated along its optical axis during data acquisition.

3.5.11
polarization
method which allows one to filter out light waves in certain polarization states by using special optical

elements ealedpotarizers{3-5-43 - or-analyzers

3.5.12

analyzer
optical element used to polarize the rays of the light after they have been reflected from thé€specimgn
and gathered by the objective

3.5.13
polarizer
optical elgmentused to polarize the rays of the light source (3.5.7) before they are transmitted to the specimgn

3.5.14
polarization angle
angle between the polarization direction (3.5.15) of the analyzer and-the polarizer

3.5.15
polarization direction
direction|of the electric vector the light waves that are trangmitted by a polarizing optical element

3.5.16
sensor s¢ttings
settings that influence how the sensor converts thelight information into a digital signal

Note 1 to ¢ntry: Typical settings are exposure tim¢\(3.5.18) and gamma (3.5.17).

3.5.17

gamma
sensor sefting that performs a nonlinear transformation of the sensor response in relation to exposure
using an exponential function

3.5.18
exposure time
amount of time during which a photosensitive material is acted upon by light

3.5.19
roughness threshold
minimun} Sq.vahie of a workpiece at a certain short wavelength cut-off spatial frequency needed for
proper m|easurements

4 Description of the influence quantities

4.1 General

Focus variation instruments provide a measurement of lateral (x and y) and height (z) values from which
the surface texture parameters are calculated.

16 © IS0 2015 - All rights reserved
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4.2 Overview
Focus variation instruments use the following measurement process:

— To perform a complete measurement of the surface, the optics is moved vertically along the optical
axis while continuously capturing data from the surface. This means that each region of the object
is sharply focused. Algorithms convert the acquired sensor data into 3D information and a true
colour image with full-depth of field. The 3D information is then calculated by analysing the focus
information (curve) along the vertical axis. (see Annex A).

43 Influence quantities
Influence quantities for focus variation instruments are given in Table 3. The table-indicates the
megtrological characteristics (see 3.1.20, Table 1) that are affected by deviations of influence quantities.
Table 3 — Influence quantities for focus variation instruménts
Metrqlogical
Component Element Influence quantities charagteristic
affgcted
Ao Measurement optical wavelength Iz, Nm, Duiv, ZrLT
Bo Measurement optical bandwith Iz, Nm, Drim, ZFLT
] a1, Bimin, Bimax|Angular range of illumination Iz, NM, Drim, ZeLT
Light source — -
S,PC,U The state of polarization of the light Iz, NM, Drim, ZrLT
impinging on'the measured surface. The
polarization is typically described as S, P,
circulatyor unpolarized.
AN Nufnerical aperture Iz, Nm, DLim, ZrLT
Mimc Magnification between object sizes on the ), ay
surface and image sizes on the sensor
Qopt General quality of the optical components @y, Ay, Az, ZFLT, Ix,
Microscope imaging system us_ed including aberrations, transmission, Iy, Iz, DLim, APER
alignment errors, etc.
Fpsr Point spread function of the microscope ax, Ay, O, ZFLT, Ix,
imaging system (see ISO 10934-2:2007, 2.35) Iy, I{ Drim
Ppisxy Lateral distortion of the magnified image on | ax, ay, I}, Iy, Apgr
the camera
Vertical scagmhe system Fz Response curve of the vertical scanning az, 1}, ZFLT
system
Ay x-pixel spacing DiLim
Camera - -
Ay y-pixel spacing Dpim
A, Z-scan increment Nm
Aacq Acquisition method - Manner in which the I, NM
Acquisition sensor data are acquired (e.g. continuously,
software discretely stepped)
ANUM Measurement algorithm - Number of images 1, NM, ZFLT
acquired
Controller
AFov Procedure that constructs the surface ax, Ay, Az, Iy, Iy, I,
heights from the acquired data using the Drim, Nm
Focus focus variation method
Varla'tlon ACORR Method to correct optical and stage ax, Ay, Az, ZFLT Ix,
algorithm ;
aberrations ly, I, DLim, ApER
R Lateral resolution Iy, Iy, Iz, Dpim, Nm
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Table 3 (continued)

Metrological
Component Element Influence quantities characteristic
affected
Lateral sampling interval equal to the lateral Drim
Dy or Dy pixel spacing of the camera divided by the
magnification Mivg
Ni Instrument noise Num
Instrument overall AL A ol Wiloaoe: 1L rad L AL
IVVID TITV IT OTIIITCTICAT vV IDT acroTT OTrvv arrccor 1o trotr TV IV
between the surface being measured and the
optical system
T Integration time required to complete a N
! single scanin Z M

18 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=fa60f04af5565c4bb9f4d44f2d6742df

IS0 25178-606:2015(E)

Annex A
(informative)

Components of a focus variation microscope

Al1 Typical configuration

Figure A.1 illustrates the typical configuration of a focus variation microscope.

a

y
array detector

optical components

white light soureg
illuminatiod beam splitter
objective

specimen

vertical scan

fecus information curve with maximum position
light beam (...)
analyzer

O 0 N O U1 A W N -

[EEGY
_ o

polarizer

-
N

ring light

-
w

optical axis (.-.-.)

Figure A.1 — Schematic diagram of a typical measurement device based on focus variation
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A.2 Operation principle

Focus variation!Z] combines the small-depth of focus of an optical system with vertical scanning to
provide topographical information from the variation of focus. In the following, the operating principle
is demonstrated for a typical focus variation microscope schematically shown in Figure A.1. The main
component of the system is the optical microscope containing various lenses that can be equipped with
different objectives allowing measurements with different resolution. With a beam splitting mirror,
light emerging from a white light source is inserted into the optical path of the system and focused onto
the specimen through the objective. Depending on the topography of the specimen, the light is scattered
into several directions as soon as it hits the specimen through the objective. If the topography shows
diffuse reflective properties, the light is scattered strongly into all directions. In the case of speeular
reflection, the light is reflected mainly into one direction. All rays emerging from the specimen. apnd
hitting thee objective lens are collected in the optics and gathered by a light sensitive sensor béhind the
beam spljtting mirror. Due to the small depth of field of the optics, only small regions of the-ebject are
sharply imaged. To perform a complete detection of the surface with full depth of field;~the optics|is
moved vertically along the optical axis while continuously capturing data from the surface. Each regipn
of the object is sharply focused at one of the vertical positions of the scanner. Algorithms convert the
acquired [sensor data into 3D information and a true colour image with full-deptt of the field. This|is
achieved by analysing the variation of focus along the vertical axis.

[

In additipn to the scanned height data, the microscope also delivers,celour information for each
measured 3D point. This provides an optical colour image which eases measurements and identificatipn
of distingtive local surface features. The visual correlation between(the optical colour image of the
specimen surface and its depth information are often linked to eaclrother and are, therefore, an essentjal
aspect ofjmeaningful 3D measurement.

— e

For the d¢scription of the focus variation technique, see Reference [10]. The focus variation techniqueis

sometimg¢s also referred to as shape from focus (see Reference [11]).

A.3 Light source

In contrapt to other optical techniques that arelimited to coaxial illumination, the maximum local slope
is not limfited by the numerical aperture ofthé objective. Focus variation can be used with a large range
of differentillumination sources (such as aring light) which allows the measurement of local slope angl%s
up to 909. Additionally, the light can be polarized using polarization filters (polarizer and analys¢r)
which allpw the removal of speculdr light components. This is especially helpful for the measurement{of
metallic qurfaces containing steep.and flat surface elements.

A.4 Scanner

There ar¢ various methods for performing the vertical scan. These are moving the sample, moving the
whole optics, anddnpving parts of the optics.

A.5 Objeetives

The objectives that are used for focus-variation should meet some basic requirements. They should have
long working distances in order to allow the measurement of high and rough specimens. The numerical
aperture should be as large as possible since the numerical aperture directly influences the depth of
field which is the basic parameter for measurements based on focus-variation. Since the measurement
is performed by white light, the objectives should be corrected for freedom of chromatic aberrations.

A.6 Algorithm
Various methods existtoanalyse the variation of focus usually based on the calculation ofimage sharpness

at each scan position. Typically, such focus information is derived by evaluating the values of the surface
image in a small local area. In general, an object point is focused more sharply when neighbouring points
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have a larger variation of image intensity. As an example, the standard deviation of these values can
be used as a simple measure for the focus information. This is demonstrated in Table A.1, where focus
information is calculated for a chess-pattern like object at five different scan positions.

The focus information curve consists of the focus information for each vertical scan position. By
calculating the maximum of the focus information curve, the height information can be determined for
one object point. Various methods exist to calculate the maximum of the focus curve. Three of them are
summarized in Table A.2 together with their speed and accuracy. The fastest, but least accurate method,
is to simply use the scan position with the maximum focus information. More advanced methods fit
polynomials or more complex functions with the focus information curve and calculate the maximum

as)

T

the peak ot the fitted polynomial or function.

able A.1 — Calculation of focus information using the standard deviation of the
within a 5x5 neighbourhood of points around the point of inte@’
C

N

fac

Scan position

Surface image

N .
Standal}tﬁ,ewatlon

Out of focus

NS
%

O
2) 10

'e image

Almost in focus 20
In focu @ 50
o
=90
Q"J
?\

Almost in focus 20
Out of focus 10

1 Point of interest for which the focus information is calculated.

2 5x5 neighbourhood of points used to calculate the focus information (standard

deviation).
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