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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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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INTERNATIONAL STANDARD

ISO 10110-8:2019(E)

Optics and photonics — Preparation of drawings for
optical elements and systems —

Part 8:
Surface texture

1

Thi
ISO
text

Scope

5 document specifies rules for the indication of the surface texture of optical elemg
10110 series, which standardizes drawing indications for optical elements and syster]
ure is the characteristic of a surface that can be effectively described~with statistica

Typilically, surface texture is associated with high spatial frequency errors (roughness) and 1

fred
Thi

Thi
by s
and

Thd
con
und

ISO
pro

ISO
defi

ISO
Gen

3

For

[uency errors (waviness).
5 document is primarily intended for the specification of polished optics.

5 document describes a method for characterizing the residual surface that is left after
ubtracting the surface form. The control of the surface fornt specified in ISO 10110-5, IS(
[SO 10110-19 is not specified in this document.

Normative references

following documents are referred to in_the text in such a way that some or all of th
Ktitutes requirements of this documenty For dated references, only the edition cited 3
ated references, the latest edition of.the'referenced document (including any amendmen

1302:2002, Geometrical Product Specifications (GPS) — Indication of surface texture 1
Huct documentation

4287:1997, Geometrical Product Specifications (GPS) — Surface texture: Profile methog
nitions and surface texture parameters

10110-1, Optics and’photonics — Preparation of drawings for optical elements and syste
eral

Terms<and definitions

the{purposes of this document, the terms and definitions given in ISO 4287 and the folloy

nts, in the
hs. Surface
| methods.
mid-spatial

Hetrending
10110-12,

pir content
pplies. For
[s) applies.
h technical

— Terms,

ms, Part 1:

ving apply.

ISO

31
sur

ISO Online browsing platform: available at http://www.iso.or

IEC Electropedia: available at http://www.electropedia.org/

face texture

A nVal > ' > b > 1 > 1l dnme ) L > b 1 1 s dadnl £.11 > d .
dITA TEL G TITAITCATIT CeT ITMTOT0gITAT datdDdsSTs T[0T UST 1T s taITtdl UIZatIoIT at tiIe ToHowWITg audresses:

characteristic relating to the profile of an optical surface that can be effectively described with
statistical methods

Note 1 to entry: Localized defects, known as surface imperfections, are specified in ISO 10110-7.
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3.2

matt surface
optical surface for which the height variation of the surface texture is not considerably smaller than the
wavelength of light

Note 1 to entry: Matt surfaces are usually produced by brittle grinding of glass or other dielectric material, or by

etching.

3.3

optically smooth surface
optical surface for which the height variation of the surface texture is considerably smaller than the

wavelength of Tight

Note 1 to enftry: Due to the smaller height variation, the amount of light scattered is small.

Note2toe

3.4
reference
trace on w
the guide

[SOURCE: 1
Note to enf

3.5

ry: Optically smooth surfaces are usually produced by polishing or moulding.

profile

hich the probe of contact (stylus) instruments is moved within the intersection plane along

SO 3274:1996, 3.1.2, modified — "of contact (stylus) instruments” has been inserted and|the

ry has been omitted.]

total profile

digital for
coordinat

[SOURCE: IISO 3274:1996, 3.1.3, modified — The Note tg“entry has been omitted.]

3.6

profile filfer

filter whic

Note 1 to e
profiles (seq
cut-off wavg

of the traced profile relative to the reference @rofile, with the vertical and horizoptal

assigned to each other

separates profiles into longwaye and shortwave components

htry: There are three filters used in instruments for measuring roughness, waviness and prinpary
Figure 1). They all have the(same transmission characteristics, defined in ISO 11610-21, but diffefent
lengths.

[SOURCE: ISO 4287:1997, 3.1.1;Aimodified — In the definition, ISO 11562 has been deleted. In Note [l to
entry, [SO 11562 has been replaced by ISO 11610-21.]

3.7

profile filfer A4

filter whic

h defines the intersection between the roughness and the even shorter wave compong¢nts

present in f surfdce (see Figure 1)

[SOURCE: |
3.8

profile filter A,

filter which defines the intersection between the roughness and waviness components (see Figure 1)

[SOURCE: I
3.9

SO 4287:1997, 3.1.1.2, modified — “A_ profile filter” has been replaced by “profile filter A "]

profile filter A;
filter which defines the intersection between the waviness and the even longer wave components
present in a surface (see Figure 1)

[SOURCE: 1

SO 4287:1997, 3.1.1.3, modified — “A; profile filter” has been replaced by “profile filter A;".]
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3.10
primary profile
total profile after application of the short wavelength filter, A,

[SOURCE: ISO 3274:1996, 3.1.4, modified — The Note to entry has been removed.]

3.11

roughness profile
profile derived from the primary profile by suppressing the longwave component using the profile filter
A this profile is intentionally modified (see Figure 1)

[SO

3.1
way
pro
pro
cony

Not

Not
rou
app
ban
dist]

[SO
new

RCEITSU 426 /7:199/7, 5.1.6, modilied — I'he Notes 1o entry have been removed.|

A

b

iness profile

file derived by subsequent application of the profile filter A; and the profile filter A_ to t
file, suppressing the longwave component using the profile filter A, and suppressing the
ponent using the profile filter A

e 1 to entry: This profile is intentionally modified (see Figure 1).

b 2 to entry: Most optical components require at most two surface texture bands; typically
rhness and waviness. The designation of these two bands as “roughness” and “waviness” is arbitr
ications it will be desirable to segment the surface texture into-tliree or more bands; in this cas
s can be added using the same profile segmentation logie_provided here. The additional b3
nguished by an index value (e.g. Wq1l, Wq2, Sq1, Sq2) if desited.

[JRCE: ISO 4287:1997, 3.1.7, modified — The notesco entry have been omitted, "(see Fig]
' Notes to entry have been added.]
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NOTE The cut-offs are not drawn to scale.

Figure 1 — Transmission characteristics of roughness and waviness profile
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3.13

spatial wavelength
peak to peak scale-length of a sinusoidal surface undulation, especially when viewed in a Fourier

transform

Note 1 to entry: See ISO 3274 and ISO 16610-21 for more information.

3.14

spatial band
range of surface spatial wavelengths which are to be included in the specification, defined as the band
of sinusoidal profile wavelengths which are transmitted at more than 50 % when two phase correct

filters of different cut-off wavelength are applied to the profile

Note 1 to e
confusion W
this documg

Note 2 to er
off wavelen
wavelength

3.15
sampling
length in t
under eval

Note 1 to 4
characteris
isequaltot

[SOURCE: ]
3.16

htry: This is equivalent to the term “transmission band” as used in ISO 1302. In order-ta)pre
ith spectral transmission bands, the term “spatial band” is used instead of “transmigsiorl bang
nt.

try: Profile filters act as longpass or shortpass filters. That is, the profile filter-with the shorter
bth retains the long wave profile component (longpass) and the profile filter'with the longer cu
retains the short wave profile component (shortpass).

ength
he direction of the X-axis used for identifying the irregulatities characterizing the pr¢
hation

ntry: The sampling length for the roughness and wa¥iness profile is numerically equal to
ic wavelength of the profile filters A, and A, respectively; The sampling length for the primary pr
he evaluation length.

[, I, 1,,have been removed.

SO 4287:1997, 3.1.9, modified — The symbals ]

evaluatio

length

length in the direction of the X-axis used for-assessing the profile under evaluation

Note 1 to enftry: The evaluation length may‘contain one or more sampling lengths.

vent
|” in

cut-

k-off

file

the
bfile

Note 2 to enfry: For default evaluationdengths, see ISO 4288: 1996, 4.4.1S0 4288 does not give a default evaluation

length for

-parameters.

[SOURCE: ISO 4287:1997, 3,4.10; modified — The symbol I, has been removed.]

3.17

profile ordlinate value

Z(x)

height of agsessed profile at any position x

Note 1 to erjtryi This is equivalent to the term “ordinate value” as used in ISO 4287. In order to differentiate

the

term from the equivalent areal definition, the term “profile ordinate value” is used in this document.

3.18

surface ordinate value

Z(xy)

height of assessed surface at any position x, y

3.19

detrending

extracting

long scale form error from a measurement to mitigate spectral leakage

Note 1 to entry: Detrending is usually applied to the input data to avoid masking low-amplitude high frequency
errors with the large amplitude, low frequency surface form errors. The resultant set of data points represents
the residual surface. See also 3.21, 3.22, and 3.23.

4
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Note 2 to entry: For the purposes of this document, the surface form used for detrending is a polynomial fit to
the measured surface with an order sufficient to remove all spatial wavelengths longer than the spatial band of
the specification.

3.20
measured surface

Z

m

function of raw surface measurement data, prior to detrending

3.21
surface form

Zg
fit t

Not
poly

whe

3.2
res
Z

fun

Not
cool

Not
surf

3.2
ave]
Ra
arit

b a measured surface

e 1 to entry: In a typical 2D polynomial fit to a surface, the surface polynomial can be ,written
nomial or another polynomial equation. For example in Cartesian coordinates:

P q
ACHEDWYMACHD)

i=1 j=1

re P; is a polynomial function of order p,q that describes the underlying'shiape of the surface.

D

dual surface

ction that is calculated by subtracting the surface forndZ; from a measured surface Z |

e 1 to entry: For example in 2D, this is expressed iathematically as: Z(x,y) = Z,(x,y) - Z{(x.y)
dinates Z(r,0) = Z,,(r,0) - Z¢(r,6).

b 2 to entry: Neglecting correction factors for*instrument response, the residual surface is t
ace height data.

B
rage roughness

hmetic mean deviation of thie‘roughness profile within the sampling length

3.2

rms roughness

Rq

roof mean square&alte of the height of the roughness profile within the sampling length

3.2

arep averageroughness

Sa
ari

metic mean deviation of the surface within the sampling area

s a Zernike

e8]

or in polar

hken as the

3.26

are
Sq

a rms roughness

root mean square value of the height of the surface within the sampling area

3.27

ave
Wa
arit

©IS

rage waviness

hmetic mean deviation of the waviness profile within the sampling length

02019 - All rights reserved
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3.28

rms waviness

Wq

root mean square value of the height of the waviness profile within the sampling length

3.29

power spectral density

PSD

squared magnitude of the Fourier transform of the residual surface height function along one dimension
using an appropriate weighting function

Note 1 to enkry: The PSD describes surface texture in a spatial frequency context allowing the waviness or Fi

in the surfa

Note 2 to en
frequency c
1D profiles

3.30
area powe
APSD
squared m|
height func

3.31
local slopé
dz
dx
slope of thg

Fe to be described and controlled.

les

try: An alternative and analogous function for describing and controlling surface textuge in a spatial
pntext is the Auto-Covariance or ACV, which is given by the overlap integral of shifted-and unshiffted

pver the evaluation length.

r spectral density

agnitude of the two-dimensional Fourier transform of a two-dimensional residual sur
tion using an appropriate weighting function

p assessed profile at a position x;

Note 1 to enftry: The numerical value of the local slope, and‘thus the parameters, RAq and WAgq, depends criti

on the ordiry

ate spacing Ax.

Note 2 to enftry: A formula for estimating the localslope is

dz.
L

6

dx

The above f
height of th

1

OE( 23— 9%, + 452, — 4820, +97; , -7, 5 )

rmula should be used for the sample spacing stipulated in ISO 3274 for the filter used, where z; i
b ith profile point and’Axis the spacing between adjacent profile points.

Note3toe
microradia

Note 4 to e
profile.

[SOURCE: I

ry: The local slopgis unitless, however we express the slope as the arctangent of the surface sloy
S.

try: This differencing calculation always results in the loss of data points at each end of the s

face

ally

(2)

the

ein

ope

d_z
dx

PAq has been removed; the Notes 2 and 3 to entry have been added and the Figure has been removed.]

3.32
rms slope
RAq
root mean

square value of the local slope within the sampling length

Note 1 to entry: The rms slope is expressed in microradians.

© ISO 2019 - All rights reserved
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3.33

area rms slope

SAq

root mean square value of the local slope within the sampling area

Note 1 to entry: The area rms slope is expressed in microradians.

3.34
surface lay symbol
symbol indicating the lay of the surface profile parameter

Not
C(c

F 1T T0 entry: According to 150 1302:2002, Table Z, the following Symbols are used 10T suriace 1ay
rcular), X (crossed), = (parallel to projection), L (perpendicular to projection), etc.

4 |Description of surface texture

4.1 General

Surface texture is a global statistical characteristic of the profile of the-optical surface. It is a
thi§ document that the character and magnitude of the texture in any.one area of the surfac
to alll other areas within the effective aperture of the same surface)yThis assumption is mag
megsurement made in one part of an indicated test region or surface can be considered rep
of the entire test region or surface.

Unl
exc

bss stated otherwise, the indication of surface texturesapplies to surfaces before coating
bption to the general statement in ISO 10110-1:2019; Clause 4, paragraph 1.

Materials having a crystal structure and production processes such as diamond turning can
non-random surface texture. Care should be used in applying statistical surface properties
texfure with these types of surfaces.

ause the magnitude of the measured\roughness is a function of the spatial wavelengths
document provides for the indication of the spatial band.

Bec|
thid

Thif document makes use of the terminology of profilometry, as specified in ISO 4287. Al
main effect of surface roughnessis optical scattering, no reference is made to scattering mea3
bechuse there are causes of scattering other than texture (details of the relationship betwsg
texture and optical scattering are given in References [7] to [17]). Although the terminol
document is that of profilometry, areal measurements (that is, measurements over a specifie
alsq be used to characterise surface texture.

Surface texture Specifications are applicable to matt surfaces as well as to optically smoo
madle by polishing or moulding. In this document, texture also refers to statistical propertisg
roughnessi-Surface texture also refers to other statistical properties of the surface of lo
lengths; stich as mid-spatial frequency waviness, which can be specified using root mean sg

; R (radial),

ksumed for
e is similar
le so that a
fesentative

. This is an

oive rise to
for surface

onsidered,

Fhough the
surements
en surface
pgy in this
d area) can

'h surfaces
s of micro-
hger scale-
uare (rms)

roughness, rms slope, PSD and other statistical methods.

Depending on the application of a surface and the magnitude of surface height variation, o
methods outlined below can be appropriate for describing surface texture numerically.

ne or more

In calculating any statistical surface property, care should be taken regarding the spatial wavelength

ranges over which the calculation is to be made. Both limits of the spatial band, in a long-s
sense and a short-scale length sense, should be carefully considered. Significant errors can be

cale length
introduced

in the process of bandpass filtering or detrending of surface height data. See also References [18] to [20].

NOTE
is usually dominated by instrument noise. To suppress the high frequency slope bias, one needs to fi
height data with a low-pass filter before differentiating the height profile.

© IS0 2019 - All rights reserved
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4.2 Description of matt surfaces

Matt surfaces shall be specified by indication of the rms height variation, Rq (as defined 1SO 4287:1997,
4.2.2). This quantity depends on the range of spatial wavelengths to be considered. For this reason it is
often necessary to specify the lower and upper limits of the spatial band.

If no spatial band is specified, the spatial band is assumed to be 0,002 5 mm to 0,08 mm.

In some cases, functional requirements can dictate a roughness criterion other than Rq or the other
mentioned ones. In such cases, that other criterion shall be indicated as described in Clause 6 of
1SO 1302:2002.

4.3 Des¢ription of optically smooth surfaces

4.3.1 Description methods

There are ¢ight statistical methods of describing optically smooth surfaces which are explicitly defined
in this doctiment:

a) by meagns of the rms roughness, Rq;

b) by rmg waviness, Wg;

c) by area rms roughness, Sq;

d) by indicating a polish grade P1, P2, P3, or P4;

e) by usimg a power spectral density (PSD) function;

f) by usiIg an area power spectral density (APSD) function;
g) by spefifying the rms slope, RAg;

h) by spefifying the area rms slope, SAq.

These methods can be used in combination, and can be used over various spatial bands in the same region.

Alternativg
(Rku), avet]
(ACV),ort
roughness
but may be
on the dray

means of describing sufface texture parameters of interest such as skew (Rsk), kurt
age roughness (Ra), roughness amplitude (Rz), average waviness (Wa) or autocovarig
heir areal equivalents area skew (Ssk), area kurtosis (Sku), area average roughness (Sa), 4
amplitude (Sz), oraréa autocovariance (AACV) are not supported explicitly in this docum
used in an analegous manner. In these cases, the terms shall be defined in a note or refersg
ving.

s roughness and rms waviness

Dsis
nce
rea
ent,
nce

ger

If the surface height variations obey certain statistical distribution properties, the rms value, Rq, can
be related to the magnitude of the optical scattering (see Annex A). The rms description is incomplete
without indicating the spatial band limits.

In the event that no spatial band is specified, the spatial band is assumed to be 0,002 5 mm to 0,08 mm
for roughness (e.g. Rq) and 0,08 mm to 2,5 mm for waviness (e.g. Wgq).

NOTE These default values can be significantly different depending on the requirements for Rq or Wag.

Therefore, the correct requirements for Rq or Wq are necessary to ensure that they are consistent with the
spatial band of the specification.

© ISO 2019 - All rights reserved
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The rms computed over the band can vary depending on specific filtering implementation. The default
is that the metrologist may use their choice of filters unless the designer communicates a required
filtering scheme.

Optically smooth surfaces can also be specified by indication of the areal rms, Sq. In the event that no
spatial band is specified, the spatial band is assumed to be 0,002 5 mm to 0,08 mm for Sq.

4.3.3 Polish grades

Optlcally smooth surfaces may be spec1f1ed by pohsh grade Polish grade shall be determined by
estima omparing to
Table 1 below Only pohsh grades P1, P2, P3, and P4 are allowed

Table 1 — Indication of the degree of smoothness by polish grade.

Polish grade Estimated Rq over a spatial band
designation 0of 0,002 mm to 1,0 mm
P1 <8 nm
p2 <4 nm
P3 <Z2nm
P4 <ldm
NOTE In previous versions of this standard, the polish grades were defined by a number of mjcro-defects

per [L0 mm trace.

4.3/4 Power spectral density (PSD) function

The PSD function is directly related to the frequency spectrum of the surface roughness.|It allows a
conjplete description of the surface texture-characteristics, and is particularly useful for|specifying
super-smooth surfaces used in high technblogy applications, or in controlling mid-spatiall frequency
wayiness on a surface. The PSD function description places no restrictions on the natur¢ of, or the
staffistical properties of, the measured.surface.

In the one-dimensional case, i.e.twhen the surface texture can be determined by measuremient along a
ling on the surface, the PSD, expressed in nm? x mm, can be modelled by Formula (3):

PSD:fiB for %<f<% 3)
where

f isthe spatial frequency of the roughness or waviness, in inverse millimetres (mm-1);

B is the power to which the spatial frequency is raised;

Cand D are the Imits of the spatial band, In millimetres;
A is a constant.
The value of B shall be greater than zero. (For many real surfaces, 1 < B < 3, see Reference [21]).

In this way, the surface texture requirement can be given by specifying the four values 4, B, C and D, for
which Formula (3) shall hold.

This one dimensional PSD can be calculated for any line of data. Such a line of data can be generated
from 1D surface profilometry along any direction on a surface or by integrating an area PSD
(described in 4.3.5) along one dimension. The calculation of the PSD from the line data is described in
Reference [17] and elsewhere. Note that windowing of the data is required prior to calculation of the
PSD; such windowing can be described in a note, or is assumed to be a Hamming filter as described in
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Reference [20]. In the event that the directionality of the PSD is considered significant, a surface lay
symbol is added to the surface texture specification.

The Cartesian 1D PSD of a 2D residual surface can be calculated from the measured surface by taking
any single linear slice of the data, e.g. the slice of data for all Z(x) aty = 0, or any vertical slice of the data,
e.g. the slice of data for all Z(y) at x = 10 mm. If a specific linear slice or set of linear slices is desired, this
shall be indicated in a note. These line traces can be used as 1D residual data for PSD calculations. The
result of the PSD calculation often is strongly dependent on the way the data is sliced.

The polar coordinate 1D PSD of a 2D residual surface can be calculated by taking a radial slice of the
data, e.g. the slice of data for all Z(r) at an angle 6 = 0°, or circumferential slice of the data, e.g. the slice

of data for
shall be ing

In the case

If an optic
recommen

In the even
0,08 mm tq

hll Z(6) at r = 10 mm. If a specific radial or circumferential slice or set of slices is desired,
licated in a note. These line traces can be used as 1D residual data for PSD calculations.

of a circumferential slice, no windowing shall be applied.

js produced with a high likelihood of a center singularity, an inner diameter.specificatio
ded to avoid inclusion of the singularity in the average.

t that no spatial band is specified, the PSD is expected to be evaluatéd)with a spatial ban
2,5 mm.

this

nis

d of

It is recomimended that both limits of the spatial band are indicated in drawings, since spatial bands

depend on

the applications, wavelengths of use, and measurement equiipment available.

4.3.5 Arpa power spectral density (APSD) function

The APSD flunction is a two-dimensional equivalent functiontothe one dimensional PSD described abpve.

Ldimensional case, i.e. when the surface texfure is described as an array of points suc
,q), the APSD, expressed in nm?2 x mm?Z, cah*be modelled by Formula (4):

A 1 —— .l
—=—— for ?SJfX +f25

[ >
(£E+17)2

In the two
Z(xy) or Z(

1 dS

APSD = (4)

where

e

foly
BI

are the spatial fregquencies of the roughness or waviness, in inverse millimetres (mm-
is the power to.which the spatial frequencies are raised;
C" and|D' are the limits of the spatial band, in millimetres;

A is a constant.

The value ¢f BSshall be greater than zero. (For many real surfaces, 1 < B < 3, see Reference [21]).

In this way, the surface texture requirement can be given by specifying the four values 4, B, C and D/,
for which Formula (4) shall hold.

This two-dimensional PSD can be calculated for any array of data. The calculation of the APSD from
the array of data is described in Reference [17] and elsewhere. Note that windowing of the data is
required prior to calculation of the PSD; such windowing can be described in a note, or is assumed to be
a Hamming filter as described in Reference [20].

In the event that no spatial band is specified, the APSD is expected to be evaluated with a spatial band
of 0,08 mm to 2,5 mm.
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It is recommended that both limits of the spatial band are indicated in drawings, since spatial bands
depend on the applications, wavelengths of use, and measurement equipment available.

NOTE The Cartesian 1D PSD can be calculated from the 2D APSD.

4.3.6 Rms slope
Optically smooth surfaces can also be specified by indication of the rms slope, RAq.

If the surface slope variations obey certain statistical distribution properties, the rms value, RAq, can
be related to the image quality. The rms slope description is incomplete without indicating the spatial
band limits.

In the event that no spatial band is specified, the surface slope spatial band is assumed’to he 0,08 mm
to 24,5 mm.

4.3]7 Arearms slope
Optiically smooth surfaces can also be specified by indication of the areaxms slope, SAq.
The rms slope description is incomplete without indicating the spatial.band limits.

In the event that no spatial band is specified, the surface slope&§patial band is assumed to He 0,08 mm
to 24,5 mm.

NOTE The area rms slope is defined as the rms of the locakslope for all points within the areal fjeld. That is,
the Area rms slope is described by the following formula:

1 5z V oz 2
SAqg= |— — — dxdy .

5 |Indication in drawings

5.1 General

Theg symbols for indicating surface texture in drawings shall be in accordance with 1§00 1302, if
necpssary, they can be nmiodified as described below.

5.2| IndicationAfor matt surface texture

Theg matt surface texture is indicated according to ISO 1302:2002, Clause 5, with the addition of the
lettpr G [forGround”V)] above the horizontal line, as shown in Figure 2. The maximum permiissible rms
roughness-Rq in micrometres, is indicated under the horizontal line. When a single value of Rq is given,
it r¢presents the upper limit of the surface roughness parameter. When the roughness is nof permitted
tol i imji isindj itH a bilateral
tolerance according to ISO 1302:2002, 6.6. The upper limit of the rms roughness is identified with “U”,
and the lower limit is identified with “L”. See Figure 2 b).

The spatial band can be indicated under the horizontal line, as shown in Figure 2 a). The upper limit is
separated from the lower limit by a hyphen, and the spatial band is separated from the Rq notation by
an oblique stroke (/). Spatial band limits shall be expressed in millimetres.

In the event that only the upper limit of the spatial band is to be specified, it is given as shown in
Figure 2 b), after the hyphen.

EXAMPLE1 0,002 5-0,8/Rq 2 (example where the spatial band is specified); see Annex B.

1)  The letter “G” is used to denote all matt surfaces, including those not produced by brittle grinding, e.g. etching.
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-0,8/Rq 2 (example where only the upper limit of the spatial band is specified); see Annex B.

NOTE The default evaluation length is five times the upper limit of the spatial band.

G
0,0025-0,8 / Rg 2

a) Indication for matt surface texture
with Rq < 2 mm over a spatial band

5.3 Indigcation for optically smooth surface texture

5.3.1 Optically smooth surface without quantitative modification

The indica

of 0,002 5 mm to 0,8 mm

Figure 2 — Indication for matt surface texture

b) Indication for matt surface texture

an upper limit of spatial band of 5)mm

with 0,05 pm < Rg < 2 mm and

ion for optically smooth surface texture shall include theletter P [for “Polished”?)] abovethe

horizontal(line, as shown in Figure 3. The use of the letter P alone.means that no quantification of|{the

surface texture is required but that the surface shall be smooths

Figure

a) Polished surface

5.3.2 Indlication of smoothness by polish grade

The degrec¢

given by gr

3 — Indication for optically smooth surface texture without quantitative modifiers

b) Moulded surface

of surface\smoothness can be indicated by placing a grade number between 1 and 4 to|the

ade inyTable 1.

P2

right of the letter ‘P.as shown in Figure 4. The range of the corresponding permissible roughnegs is

<L

Figure 4 — Indication for optically smooth surface with quantitative modifiers;
polish grade with Rg < 0,004 pm over a spatial band of 0,002 mm to 1,0 mm

2)  The letter “P” is used to indicate all optically smooth surfaces, including those not produced by polishing, e.g.

moulded or

12

float glass surfaces.
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5.3.3 Indication of rms roughness and rms waviness

The rms roughness Rq or the rms waviness Wq is indicated by placing the maximum permissible value
of the rms, expressed in micrometres, under the horizontal line, as shown in Figure 5. In this example,
the rms roughness specification below the horizontal line is equivalent to a polish grade P3.
P
0,002-1 / Rg 0,002
AN A/
e
A A 4
SN 7 P

Figure 5 — Indication for optically smooth surface with quantitative modifiers;
polish grade of Rq < 0,002 pm over a spatial band of 0,002 mm to,Ymm

A ldwer limit of the spatial band or alternatively a spatial band can be indicated under the|horizontal
ling, separated from the indication for rms roughness or rms waviness by, an oblique stroke(/). Limits
of spatial bands shall be given in mm.

EXAMPLE1 -1,0/Rq 0,002 (surface roughness with only the upper limitof spatial band); see Annéx B.

EXAMPLE 2 0,002-1,0/Rq 0,002 (surface roughness with spatial®and); see Annex B.

EXAMPLE3  0,5-2,5/Wq 0,002 (surface waviness with spatidaliband); see Annex B.
NOTE The evaluation length is five times the minimuni¥’sampling length.

Thip indication may be complemented by an indication of the polish grade according to 5.3.2|

5.34 Indication of PSD function specification

Thg maximum permissible value of the,PSD function is indicated by placing the letters P5D and the
values for A and B, as defined in 4.34 and separated by an oblique stroke (/), under the horigontal line,
as shown in Figure 6. The upperand lower limits of the spatial band, € and D, expressed in npillimetres,
are|placed under the horizontalline before the PSD note separated by an oblique stroke (/], as shown

in Higure 6.

Thip indication can be-complemented by an indication of the smoothness by polishing in ficcordance
with 5.3.2.

P
0001 1/ PSD 1,0/2

%/
/%/

Figure 6 — Indication for an optically smooth surface;

over a spatial band of 0,001 mm to 1 mm

5.3.5 Indication of APSD function specification

The maximum permissible value of the APSD function is indicated by placing the letters APSD and the
values for A" and B’, as defined in 4.3.5 and separated by an oblique stroke (/), under the horizontal line,
as shown in Figure 7. The upper and lower limits of the spatial band, C' and D', expressed in millimetres,
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are placed under the horizontal line before the APSD note separated by an oblique stroke (/), as shown

in Figure 7.
This indication can be complemented by an indication of the smoothness by polishing in accordance
with 5.3.2.
P
0,001-1 /7 APSD 1,0/2
7 / /
/ / /
W
Figure 7 — Indication for an optically smooth surface; APSD < (21—02) (nm?2 x;mm?2)
fi +f
y

5.3.6

The rms sl
of the rms

Figure 8 -

A spatial b
expressed

Indlication of rms or area rms slope specification

over a spatial band of 0,001 mm to 1 mm

bpe RAq or its' areal equivalent, SAq is indicated by placing thé. maximum permissible v
5lope, expressed in microradians, under the horizontal line-as shown in Figure 8.

/OO15/RAqO'f /0015/SAq07

a) Rms slope b) Areal rms slope

- Indication for an optically smooth surface; rms slope or areal rms slope of <0,7 p
for a spatial band of 0,01 mm to 5 mm

n millimetres.

53.7 1

lay symbol
shown in H

3. nl'
In the eve

ication of lay.

that thé.grientation of the surface texture parameter is significant, the addition of a sur
can be:used. The letter C indicates a circular lay, while the letter R indicates a radial laj
igure'9. Additional lay symbols are given in ISO 1302:2002, Table 2. If no indication of 13

hlue

rad

hnd can be indicated under the horizontal line, as shown in Figure 8. Spatial bands shalll be

face
 as
y is

given, the

the surface parameter is assumed to apply for all orientations.

On rotationally symmetric parts, the lay indications C and R (for circular and radial) are recommended.

On square

or rectangular parts, the lay indications = and L are recommended.

Figure 9 — Indication for optically smooth surface with Wq < 0,005 pm for a spatial band

14

of 0,01 mm to 5 mm, evaluated radially and circularly
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5.4 Location

The indication of the surface roughness shall be located on the drawing as described in ISO 10110-1. In
tabular drawings (see also ISO 10110-1), the texture symbol and indication can be shown either in the
drawing field or in the appropriate surface fields. In alternate drawings the tip of the texture symbol
shall be in contact with the line representing the surface or with a corresponding subsidiary line (see
Figures 2 to 9, as well as the examples given in [SO 10110-1).
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Annex A
(informative)

Relationship between surface texture and scattering characteristic

of textured surfaces

It has beet
distributio
seriously
roughness

It has also

fompromise optical system performance and the measurement of surface texture
tends to be easier than making scattered light measurements, it is useful to understand
relationship between surface roughness and scattered light.

1lar
can

or
the

shown that there 1s an analytical expression relating surface texture to the ang
of light scattered by textured surfaces, see Reference [21]. Since scattered light

been shown experimentally that most polished surfaces scatter light a€cording to a power

law, see Rdferences [9] and [10]. Similarly a relationship between the two-dimensional power spedtral

density (P

with a on
surfaces. If

bD) of surface roughness or texture and the differential angular scatter has been obta:ﬁ:ed
theoretically, see Reference [11]. Also the one-dimensional PSD, the raw data‘for which can be obtai
p-dimensional profilometer, is simply related to the two-dimensional form for isotr
was shown that the one-dimensional PSD can be expressed.ds

ed
hpic

PSD = A
fB
where
A is a constant, expressed in nm? x mm?-5;
f is the spatial frequency of the surface roughness, in reciprocal millimetres (mm-1);
ils the value of the exponent (or power) with which the PSD falls off with increasing spatigl
requency. For most “real” surfaces, 1 < B < 3.
This description of the PSD function is valid for a given range of spatial frequencies. The minimal spdtial
frequency fs 1/D, where D is the sampling length over which the sample was measured. The maximal

spatial frefjuency is 1/C, where C is the shortest lateral feature on the surface that the measufing

instrument can resolve (C and P are expressed in millimetres).

Figure A.1

gives an example of three PSD functions for the case in which B = 2, and illustrates that

the

surface textture has smaller features as 4 is made smaller. These curves are for illustrative purposes dnly.

16
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Figure A.1 — Examples of three PSD functions for B = 2
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Annex B
(informative)

Examples of indication of surface texture requirements

Rﬁiﬁi‘;ﬁe Requirement Example
B.1 Optical surface:
— matt surface. v/ '0025 0.8 /Rq 2
Surface roughness:
— asingle, unilateral/upper specification limit;
— Rg<2pm;
— spatial band from 0,002 5 mm to 0,8 mm.
B.2 Optical surface:
— matt surface.
Surface roughness:
— asingle, unilateral/upper specification limit;
— Rq <2 pm;
— upper limit of spatial band 0,8 mm.
B.3 Optical surface:
— matt surface.
Surface roughness:
— bilateral specification limit;
— upper specification limit Rq = 2 pm;
— lower specification limit/Rq = 0,05 um;
— upper limit of spatial band 5 mm.
B.4 Optical surface:
— optically smooth surface;
— polishigrade, no requirement;
— numerical limit value of roughness, no requirement.
B.5 Optical surface:
— optically smooth surface;
— polish grade 2.
B.6 Optical surface:
— optically smooth moulded surface;
— numerical limit value of roughness, no requirement.
18 © IS0 2019 - All rights reserved
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