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b Foreword

IS0 (the International Organization for Standardization) is 8 werdwide
federation af national standards bodies (IS0 mamber bodias), The wark of
prepaning International Standards is narmally. earried aut through 150
lechnical commitiees. Each member bedy interested in & subject for which
& technical committee has been established has the right to be represantad
on hat committes. Intermational crganizations, governmental and non-
qovernmental, in lisizen with 1S0, also take par in the work, IS0
collaborates closely with the International Elecirotechnical Comenission
(IEC) on all matters of alectrotechnical standardizalion.

Draft International Standards adopted by the technical committees are
sirculated to the member bodias for voting. Publication as an Infernaticnal
Standard requires appraval by at lzast 75 % of the member bodies casling
4 vola,

Internalional  Standard IS0 10110-8  was prepared by Technical
Committee ISOTC 172, Optics and aptical nsfrumaents, Subcommities
SC 1, Fundamental standards.

IS0 10110 consists of the fallowing paris, under the genaral title Cotics
and aplical instruments — Freparation of drawings for optical elemants and
Eyslams:

—  Parl 1; General

= Pan 2: Matesia! impedeactions — Siress birefringence

—  FParl 3 Materlal imparfections — Bubblas and inciusions

—  Fan 4 Materal imperections — Inhomegenaity and striae

— FPart 5 Surface form tolerances

= Par &: Cenifing tolerances

— Fan 7: Surface imperlaction tolsrances

= Part & Surface texture
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micrafilm, withewt permissian in wiiling Trom the publishes.
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—  Part 8 Surface treatment and coating

—  Farn 10: Table representing dala of a lens element
= FPan 11: Non-loleranced data

—  Part 12: Aspheric surfaces

—  Part 13: Laser iradiation demage threshold

Annex A forms an Integral pant of this part of 1SO 10110, Annexes B and C
are for information only.
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Optics and optical instruments — Preparation of drawings for
optical elements and systems —

Part 8:
Surface texture

1 Scope

150 10110 specilies the presentation of design and functional requirements for optical elements in technical
drawings used for manulacturing and inspection.

This part of IS0 10110 specifies rules for the indication of the texture of surfaces on optical elements.

2 Mormative references

The following standards contain provisions which, thraugh refarence in this fext, constitute provisions of this part of
120 10110, Al the time of publication, the editions indicated wers valid. All standards are subject to revisicn, and
parties to agreements based on this part of IS0 10110 are encouraged to investigate the possibility of applying the
most recent editions of the standards indicated below. Members ef IEC and 150 maintain registers of currently valid
Infernational Standards.

150 1302:1582, Technical drawings — Mathod of indicating surface lextura.

150 42871997, Geomelnical Froduct Specifications (GPE) — Surface texturs: Profile method — Terms, definitions
and surface lexiure parameters.

IS0 101 10-10:1996, Optics and optical Instruments — Preparation of drawings for optical elements and systems —
Fart 10: Tabie representing data of a lens elemeant,

3 Definitions

Faor the purpeses of this part of 1S0 10110, the fallowing definitions apply.

3.1 surface texture: Global statistical property relating to the profile of an optical surfzce.
MOTE — Lecalized defects, known as sudace inperfections, are covered in IS0 10110-7,

3.2 matt surface: Oplical surface for which the height variation of the surface texture is not considerably srrmtsr
than the wavelength of the visible light.

HOTE — Mall surfaces are usually produced by britile grinding of glass or other dislectric material, or by etching.
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3.3 specular [optically smeoth] surface: Optical surface for which the height variation of the surace fexiure is
considerably smaller than the wavelength of the visible light.

NOTES
1 Dwe fo the smaller haight variation, the amaunt of light scatered is small,
2 Specular oplical surfaces are usually produced by palishing or maulding.

3.4 microdefect: Small irreqularity {generally less than 1 wm In size) in & specular surface.

NOTES
1 Usually, microdefects are pits remaining after an Incomplele polish. although they may also be due to mishandling and
contamination during palishing. Microdedacts are of concern becawse they produce targe-angle scatlering.

2 Microdelects are nof considered surface imperections a3 reated in 1SS 10110-7 because thay are reascmably uniformly
distributed cver the surtace and thus have a global characienstic associated wilth texure,

4 Description of surface texture
4.1 General

Surface texture is a global slatistical characteristic of the prafile of the optical surface, and it ks assumed for this part
of 150 16110 that the charactar and magnitude of the texturs in any one area of the surlaes is similar to that In &l
cther areas of the same surface. This assumption is made so that @ measurement made in ane part of the surface
may be considered representative of the entire surace.

Unless stated otherwise, the indication of surface texiure applies to surfaces betore coating 1), x

The lexture is usually measured over a small part of the surface so that the long spatial periods normally asscciated
with larm error are not included in the designation of textura. Because the magnitude of the measured raughness is
a function of the sampling length ), thie pan of IS0 10110 provides for the indieation of the sampling length.

This part of ISQ 10110 makes use of the terminology of profilormetry. Although the main effect of surace roughness
is optical scattering, ne reference iz made 1o scattering measurements, because there are causes of scatiering
other than fexture. (The relationship between sudace texture and aptical scattering Is discussed in the refarences in
annax C.)

Surlace texture specifications are applicable to matt or ground surfaces as well as to specular surfaces made by
palishing or maulding. [n this part of ISO 10110, texture also refers to microdelects such as pits left from an
incomplete palish that are nominally uniformly distributed over a specular suface.

Depending on the application of 2 sudace and tha magnitude of sudace height variation, one or more methods
cullined belaw may ba appropriate for describing surface texture numerically,

4.2 Description of matt surfaces

Matt surfaces shall be specified by indication of the rcot-mean-square (rm.s.) height variation, Rg (ses
150 42871957, 5.11). This quantity depends on the sampling length. Fer this reason it may be necessary 1o spacily
a fower Bmit or, if desired, lawer and upper limits of the sampling length.

In some cases, lunctional requirements may diciate a roughness crilerion other than Ry. In such cases, thal cther
criterion shall be indicated as shown in 150 13021992, table B2,

1} Thisis a specdic exception to the general statemant in IS0 10110-1:1996, elause 3, first paragraph,
2} Sampfing lenglh is the length used for identitying the Iregularities characterizing the surface lexture (see 150 42871807,
1.9,
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4.3 Description of specular surfaces

There are three methods of describing specular sudaces: by means of the rm.s. surface roughness, Ry by
indication of the density of microgelfects; ar by using a power spaciral density (PSD funclion.

4.31 R.M.S. surface roughness

Specular surfaces are commonly specified by indication of the r.m.s. surace raughness, Rq,

If the surface height variations obey cerain statistical distribution properies, the rm.s. value, Rg, can be related ta
the magnitude of the optical scattering (see annex B). Mote that the rm.s, dascription i incomplete without
indicating lower and upper limits of the sampling length,

4.3.2 Quantification of microdefects

Microdefects can be understood as being very localized pits in an atherwise “smooth” surface. They are quantified
by Bghtly drawing & sharp stylus of a mechanical profilometer acrass the serace to be measured and noting the
number of times, A, that the stylus deviales markedly from the otharwise “smooth" gurface in a 0 mm kong scan.
An optical profilometer, 8 microscope oF a microscopic image comparalor may alse be used fo quaniify
microdefects,

4.3.3 Power Spectral Density (PSD) function

The PSD lfuriction is the frequency specirum of the surface roughness measured in inverse tenigth wnits. It allows a
complete description of the surace texture characteristics, and is particularly useful for specifying supersmooth
surfaces Used in high lechnology applications. The PSD function description places no restrictions on the naturs of,
or the stalistical properties of, the measured surlace.

In the one-dimensicnal case (i.e. when the surface texture can be determined by measurement zlong a line on the
surface}, the PSD, expressed in cubic micrometres, can be modeled by

1 1
PSD = AlfS, for ——
i “f< Toonc

L
1000 x o (n

whera

[ i the spatial frequency of the roughness, (in pem—10;
£ iz the power 1o which the spatial trequency is raised;
© and 0 are the minimum and maximum spatial periods (samgling lengths) of the measurement, in millimetres;
A s aconstant, expressed in pmd - 8,
Thie value of & shall be greater than rera. {For many real surfaces, 1 < B < 3, see annex C, reference [3].)

I this way, the surface texiure requiremaent may ba given by specilying the four values 4, 8, Cand O, for which
equation (1) shall hald. ;

5 Indication in drawings

The symbals for indicating surface lexture in drawings shall be those given in 150 1302:1992, if necessary modified
a5 described below,

5.1 Indication for matt surface texture

The matt sudace texture is indicated according 1o ISO 1302:1982, 6.1 with the addition of the letter G (for
"Graund"3)) above the horizontal line, as shown in figure 1, The maximum permissible r.m.s, surface roughness

3 The letter "G" ks used 1o dencts all mal surfaces, including those not produced by beitte grinding, .. stching,
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Feg max. in micromelres, is indicated ahove the triangle. When a single value of Rq is grven, it represents the upper
limit of the surface reughness parameter, If, in addition, the roughness is not permitted 1a lis bBelow a certain value, a
minimwum r.m.s. surlace roughness value g min, shall be specified. This valve shall be indicated below the

maximurm value.

If desired, a kower limit of the sampling length may be indicatad under the horizontal e, a5 shawn in figure 1. If an
upger limit is also lo be specified, it shall be separated from the lower limit by & slash. Sampling lengths shall be

expressed in millimetres.,

G
Roi/ ¢

x#J

Figure 1 — Indication for ground surface with Rg =2 um and minimum sampling length of 5 mm

5.2 Indication for specular surface texture

5.21 General

The indication for specular surface texture shall include the fetier P {for “Polished™)) abave the horzontal line, as
shown in figure 2, The use of the lefter P alone means that no guantification of the microdefects is required but thal
the surface shall be specular. The quantitative aspect of surtace texture shall be given in terms of r.m.s. roughness
Ry, in terms of allowed micredetects, or in terms of PS0.

Figure 2 — Indication for specular surface withaut quantitative moditiers

5.22 Indication of polishing grade In terms of microdefects

The number of allowed microdetects is indicated by placing a grade number batwesn 1 and 4 to the right of the
letter P, as shawn in figure 3. The range of the earresponding permissible number of micredelects is given by grade

in table A.1.

Figure 3 — Indication for specular surface with < 80 microdefects per 10 mm linear scan of the surface

——
“i' Tha rltﬂ!ter " is used to indicale all spacutar surtaces, Including those not produced by polishing, &5, moulded =¢ “aat
glass surfaces,
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523 Indication of r.m.s. surface roughness

The r.m.s. suface roughness Ry is indicated by placing the maximum permissible value of the rm.s, raughness,
expressed in micrometras, above the triangle as shown in figure 4,

3
o 0,002 nozs

£

Figure 4 — Indication for specular surface with < 16 microdefects per 10 mm scan and Rg = 0,002 e
between sampling lengths of 0,002 mm and 1 mm

This indication can be complementad by an indication of the polishing grads in terms of microdefects according 1o
522

6.2.4 Indication of PSD function specification

The maximum permissitle valre of the PSD functian is indicated by placing the letters PSD and the values for 4
and &, as defined in 4.3.3 and separated by = slash, above the triangle in the texture symboal as shawn in figure 5,
The minimum and maximum spatial pericds (sampling lergths), G and D, expressad in millimetres, are placed
uncer the herizontal line separated by 2 slash as in figure 5,

This indication can be complemented by an indication of tha polishing grade in terms of microdefects according bo
522

P4
FS0 90" 2 /5 poart

Figure 5 — Indlication for palished surface with < 3 micradefects per 10 mm scan and a PSD = 10-6/42 {nm3)
between sampling lengths of 0,001 mm and 1 mm

5.3 Location

The tip of the texture symbel shall be in cantact with the line representing the surface or with a commesponding
subsidiary fine (see ligures 1 through 5, &3 wall as the examples given in IS0 10110-1, annex A),

Also, if the data are presented in tabular form, the lexture symbal shall be used in tha corresponding drawing (see
150 10110-10:1596, figures 2 and 3).
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Annex A
(normative)

Specification of texture for specular surfaces in terms of microdefects

Table A.1 dafinas four pdlishing grades in terms of microdelects,

The fundamental investigation of microdefects is deseribed in reference [4].

Table A1
Polishing grade Humber & of microdefects per 10 mm
dasignation of sampling length
P1 80 = & < 400
Pz 16 = N < B0
P3 I=N< 16
P4 Ne3
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Annex B
(informative)

Relationship between surface texture and scattering characteristic of
textured surfaces

It has been shown that thera is an analytical expression relating surface texiure to the angular distribution of fight
scaftered off texiured surfaces™ ™, Since scattered light can seriously compromise optical system performance and
the measurement of surface texture or roughness lends to be easier than making scattered fight measuremants, i
is ugaful to undersiand the refationship between surface roughness and scattered light,

It has alsc been shown experimentally that most polished sufaces scatter light according to & power law™ " ™.
Similarty a relationship between the twa-dimensional power spectral density (PS50} of suface roughness or texture
and the diflerential angulzar scatier has been obtained 1heoreti|:a,||:.,-1'“', Also the one-dimensional FS0, the raw dala
ler which can be obtained with a one-dimensional profilometer, is simply related 1o the two-dimensional form lor
igotropic surfaces. It was shown that the one-dimensional PSD can be expressed as

PSD = Afff
whera
A Is a constant, expressad in pmd-&;
F s tha spatial frequency of the surface roughness, In reciprocal micrometres {pum— 1}

8 is thie value of the exponent (or power) with which the PSD falls off wilh increasing spatial frequency. Far
most "real” sufaces, 1 <R <3,

This description of the PSD funciion is valid for a range of spatial frequencies ralated 1o the sampling lengths of the
migsurernent. The minimal spatial frequency = 141 0000), where D is the sampling length aver which the gample
was measured. The maximal spatial frequency is 141 00053, where C is the shorest lataral feature on the surdsce
that the measuring instrument can resolve (C and D are expressed in millimetres).

Figure B.1 gives an example of three PSD funclians for the case in which 2= 2, and illustrates that the surdace
lexlure is smoather as A Is made smaller. These curves are lor illustrative purposes only.
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Annex C
(informative)
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