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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 maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
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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[SO 10110 consists of the following parts, under the general title Optics and photonics — Preparation of
drawings for optical elements and systems:

— Part1:
Part 2:
Part 3:
Part 4:

Part 5:

General

Material imperfections — Stress birefringence
Material imperfections — Bubbles and inclusions
Material imperfections — Inhomogeneity and striae

Surface form tolerances
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— Part 6: Centring tolerances

— Part 7: Surface imperfection tolerances

— Part 8: Surface texture; roughness and waviness

— Part 9: Surface treatment and coating

— Part 10: Table representing data of optical elements and cemented assemblies

— Part 11: Non-toleranced data

— |Part 12: Aspheric surfaces
— | Part 14: Wavefront deformation tolerance
— |Part 17: Laser irradiation damage threshold

— | Part 19: General description of surfaces and components
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Introduction

This part of ISO 10110 refers to deviations in the form (shape) of an optical surface and provides a means
of specifying tolerances for certain types of surface form deviation in terms of nanometres.

As it is common practice to measure the surface form deviation interferometrically as the wavefront
deformation caused by a single reflection from the optical surface at normal (90° to surface) incidence, it
is possible to describe a single definition of interferometric data reduction that can be used in both cases,
i.e. in surface form deviation as well as wavefront deformation. As the analysis of most measurements
is software based, the deviations are expressed in nanometres. Interferometrical measurements,
however, use the unit “fringe spacings”. One “fringe spacing” is equal to a surface form deviation that
causes a d¢formation of the reflected wavefront of one wavelength. A value expressed in nanonietrgs is
an indicatipn of the actual height deviation of the surface itself (and not that of the reflected wavefragnt).

The surfacp under test, together with the test glass is, for example, such an interferometer. The surface
form devigtion is represented by the wavefront deformation which is the difference between [the
wavefront freflected by the actual surface and that reflected by the test glass surface:

Due to the potential for confusion and misinterpretation, nanometres rather than/fringe spacings arje to
be used. Where fringe spacings are used as units, the wavelength is also to be specified.

In addition]tolerances for slope deviations of surfaces can be given in units,of mrad, yurad, arcmin, or ardsec.

vi © ISO 2015 - All rights reserved
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optical elements and systems —
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Surface form tolerances
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permitted given that the base wavelength is explicitly stated,

5 part of [ISO 10110 applies to surfaces of plano, sphericalyaspheric, circular and non-circula
toric form as well as to surfaces of other non-spherical shape such as generally described
5 not apply to diffractive surfaces, Fresnel surfaces, and micro-optical surfaces.
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following referenced documents, invwhole or in part, are indispensable for the applica
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10110-10, Optics and photonics — Preparation of drawings for optical elements and systemg
[e representing datd ef Optical elements and cemented assemblies
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1499924,/ 0Optics and photonics — Interferometric measurement of optical elements @qnd optical

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 14999-4 and the following apply.

3.1

surface form deviation
function representing the distances normal to the surface between a nominal optical surface form and a
measured form described as a measured wavefront deformation fwp or fwp,cy as defined in ISO 14999-4

Note 1 to entry: ISO 14999-4 provides the definitions for the deformation functions.

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=5f69e44f69432330bedddb80dfb03f2c

ISO 10110-5:2015(E)

3.2

sagitta deviation

AZ

function representing the distances along the z-axis between a nominal optical surface form and a
measured form

Note 1 to entry: Based on interferometric measurement, the values are available along the local surface normal
and have to be converted to deviations in the z direction in order to compare them with AZ.

Note 2 to entry: For simple optical surfaces, the z-axis is often also the optical axis.

4 Specilfication of tolerances for surface form deviation

4.1 General

The tolerances for surface form deviation are indicated by specifying the maximum permissible valugs of
the power feviation, irregularity, rotationally and/or translationally invariant irregularity. In additiion,
tolerances [for root-mean-square (rms) measures of surface form deviation (rms-total, rms irregulafity,
and rms rotationally and/or translationally varying wavefront irregularity)-and tolerances for slope
deviation (max and rms values) may be specified (see ISO 14999-4 for definitions). A surface fprm
deviation Hased on a sagitta table can also be given in the z-direction and asirregularity as well as slppe.

Both the syrface form tolerances and the tolerances of the slope deviatiens can vary in different sectjons
and differ¢nt orientations (x, y) or (p, ¢). In this case, the sampling length and the spatial samp|ing
interval cap also deviate from each other.

The surfacg form tolerance can also be defined as coefficients of a Zernike polynomial.

NOTE1 [SO 10110-14 provides a means of specifying onliZone single tolerance for the wavefront deformation
without any need to specify tolerances for individual surfaces.

NOTE2  Methods for determining the amounf.of power deviation, irregularity, rotationally angl/or
translationglly invariant irregularity, and slope deviation of a given surface are given in ISO 14999-4.

Specifying|a slope deviation tolerance.or.rms slope is recommended for non-spherical surfaces [like
aspheric, non-circular cylindric, or general surfaces. Depending on the application and complexity,[the
permissibl¢ max slope deviation mightalso be indicated as an absolute quantity in direction (x, y) or (4, ¢).

It is not ne¢essary that tolerances’are specified for all types of surface form deviation.

All deviatipns of the surface’but one is defined perpendicular to the theoretical surface. The sagitta
deviation, AZ, is defined’along the z-axis.

mpermissiblevaluesforpowerdeviation,irregularity,androtationallyand/ortranslationfally

spacings. If a specification is to be given for one or more rms deviation types, it shall be given in units of
nanometres or, if preferred, micrometers or fringe spacings.

cl cl v D C O O D Ct; O O

To avoid confusion, the unit “wavelength of light” should never be used for surface form deviations.

When a surface is tested interferometrically by reflection at normal incidence, a surface form deviation
of one-half the wavelength of light causes a wavefront deviation of one full wavelength. This results
in an interference pattern in which the intensity varies from one bright fringe to the next or from one
dark fringe to the next, i.e. one fringe spacing is visible. For the purpose of this part of ISO 10110, the
words “fringe spacings” do not refer to the transverse distance between fringes, but to the fact that the

2 © IS0 2015 - All rights reserved
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number of fringe spacings visible in the interference pattern corresponds to the number of wavelengths
of wavefront deviation.

NOTE1 One fringe spacing is 1 x 1/2 x the wavelength (in nanometres) in which a surface form deviation is
actually specified.

NOTE 2  The specification of a tolerance for an rms deviation type requires that the optical system is
analysed digitally.

Deviations based on a sagitta table along the z-axis shall be given in metric units like pum or nm.

The maximum permissible values for max and rms slope deviation shall be specified with preferred

unifs of mrad. The corresponding units of degree, urad, arc minutes (..."), and arc seconds~(}.." ) can be
usef as well. The unit shall always be indicated.

4.3| Wavelength
Apglying the unit fringe spacings the wavelength shall be given.

NOTE1 In earlier versions of this part of ISO 10110, unless otherwise specified, the wavelength whs the green
speg¢tral line of mercury (e-line), A = 546,07 nm, according to ISO 7944.

NOTE 2  Specifications can be converted from one reference wavelength to another using Formula|(1).
N2 =Nj1x(A1/2;) 1)

whére N1 and Nj2 are the numbers of fringe spacings,at1 and A, respectively.

5 |Indication in drawings

5.1 General

The surface form tolerance is indicated by a code number and indications of the toleranceg for power
devjiation, irregularity, rotationally and/or translationally invariant irregularity, max slope, and rms
slope deviation types as apprepriate. Irregularity, form deviation in z-direction, max slope, and rms
slope deviation may also beindicated in a table in conjunction with the sagitta table. Both sp¢cifications
can|be used in combination:It shall be ensured that both are not contrary to each other.

The use of indications\s-hot limited in general by the kind of form like spherical or cylindricgl specified.
However, not all spécifications are helpful for all surface forms. All quantities shall have [their units
sperified. If no unitvis indicated, then fringe spacing is implied.

5.2| Structure of the indication based on code number

5.2/1%) General

The indication shall consist of one basic form and may be supplemented by additional forms. Multiple
forms shall be separated by a semicolon.

5.2.2 Code number

The code number for surface form tolerance is 3/.

© IS0 2015 - All rights reserved 3
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5.2.3 Basic forms

3/A(B/C)

or

3/A(B/C) RMSx <D

where x is pne of the letters t, i or a (see below quantity D).
or

3/RMSk < D

where x is pne of the letters t, I, or a (see below quantity D).
or

3/AX;AY (B/CX;CY)

or

3/

NOTE IIn former editions, 3/— RMSy was used.
Applying the unit fringe spacings, the indication “; A=E” shall be added in order to specify the wavelength.
The quantilty A is either

a) the maximum permissible power deviation (peak-to-valley value) PV(fiws) as defined in ISO 1499Pp-4,
expregsed in nanometres, micrometres, or fringe spacings, or

b) adash|(—) indicating that the total radius of curvature tolerance is given in the radius of curvature
dimengion (not applicable for)planar surfaces).

The quantities AX, AY are either

a) the maximum perniissible power deviation (peak-to-valley value) PV(fwc,x) and PV(fwcy)| for
cylindfic and similar surfaces as defined in ISO 14999-4, expressed in nanometres, micrometres, or
fringe gpacings;or

—n

b) adash|(=)'indicating that the entire radius of curvature tolerance is contained in the specificaf
of the radius-efcurvature

on

If no power deviation is allowed, then A, AX, or AY shall be 0. In this case, all the deviation including also
that part that could be interpreted as a power deviation shall be included in irregularity B.

A shall be set to 0 in cases of surfaces without symmetry when no kind of power deviation is applicable.
NOTE1 It is often the case that the tolerance for power deviation is calculated by converting a part of the
tolerance shown against the radius of curvature tolerance into a tolerance for power deviation using the formulae

given in Annex A.

NOTE 2  If no tolerance on the radius of curvature is specified combined with a dash for the power deviation,
then defaults in ISO 10110-11 apply.

4 © IS0 2015 - All rights reserved
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NOTE 3  Previous versions of this part of ISO 10110 used the term sagitta to represent this quantity A. This is
not correct since the true sagitta deviation is the distance evaluated parallel to the z-axis. For better clarity, we
have changed the name of quantity A everywhere to power deviation (reflecting the change in ISO 14999-4), so
that the true sagitta can be used correctly.

NOTE4  Careshould be taken in the specification of quantity A for surfaces with large amounts of curvature as the
value of the power can vary significantly compared to the measured value of the deviation of the radius of curvature.

The quantity B is either

b) |the maximum permissible value (peak-to-valley value) PV(fwi,cy) of irregularitynfor cylindric
and similar surfaces as defined in ISO 14999-4, expressed in nanometres, micrémetref, or fringe
spacings when AX and/or AY are used, or

c) |adash (—) indicating that no explicit irregularity tolerance is given.
Thg quantity C is either

a) |the maximum permissible value (peak-to-valley) PV- (fiyri) of rotdtionally invariant igregularity,
expressed in nanometres, micrometers, or fringe spacings as defined in ISO 14999-4, or

b) |a dash (—) indicating that no explicit rotationally invariantirregularity tolerance is givé¢n.
If np tolerance is given, the slash (/) is replaced by the closing parenthesis, i.e. 3/A(B).
Thd quantities CX and CY are either

a) [the maximum permissible value (peak-to-valley) PV(fwrix), PV(fwriy) of translationally invariant
irregularity for cylindric and similar surfaces, expressed in nanometres, micrometres, or fringe
spacings as defined in ISO 14999-4. CX and CY are used for the symmetry specification dcross the x
and y-axis, or

b) |adash (—) indicating that no explicit translationally invariant irregularity tolerance for pboth or one
of them is given.

If np tolerance is given, the slash'(/) is replaced by the closing parenthesis, i.e. 3/AX;AY(B).

If np tolerance is given foryall three deviation types, then A, B, C, the slash (/) and the parentheses are
replaced by a single ddsh (—), i.e. 3/—.

The quantity D is.the maximum permissible value of the rms quantity of the type specified by x where x
is ope of the lettérs t, i, or a. These deviations are defined

a) [for rotationally symmetric surfaces according to ISO 14999-4:

-fort (total): rms total rms(fwp)

- for i (irregular): rms irregularity rms( fwi)
- for a (asymmetric): rms rotationally varying (asymmetric) irregularity rms(fwrv)
b) for cylindric and similar surfaces according to ISO 14999-4:
- for t (total): rms total rms(fwp,cy)
- fori (irregular): rms irregularity rms(fwicy)
- for a (asymmetric): rms translationally varying (asymmetric) irregularity rms(fwTv)
The specification of more than one type of rms deviation is allowed. These specifications shall be

separated by a semicolon as shown in Clause 6, Example 5.

© IS0 2015 - All rights reserved 5
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The quantity E is the wavelength in nanometres in which the surface form deviation is defined for the
unit fringe spacings.

NOTES5 The quantities A and C are best used for types of rotationally invariant or similar surfaces. The
quantities AX, AY, as well as CX and CY are best used for types of cylindrical, toric, or similar surfaces.

NOTE 6  Generally, for all kinds of surfaces, either the 1-dimensional specification A and C or the 2-dimensional

specification AX and AY as well as CX and CY can be helpful depending on the departure of the surface form from
rotational invariance and on the functionality of the optical system. The values B and D are always applicable.

5.2.4 Additional forms

5.2.4.1 rax and rms surface slope deviation

ASy, w(F/G/H);

and

RMSASy, w (K/L/M);

where
\% is one of 1-dim or 2-dim or nothing;

w  [is one of the orientations x, y, p, and ¢ or nothing forarbitrary directions.

The quan’:i[(y F is either

a) the makimum permissible 1-dim slope deviation &1-gigyas defined in ISO 14999-4 where vis 1-dim ir] the
orientgtion specified by w and where w is one of the letters/orientation x, y, p, and ¢ or if missing irfall,

b) the mdximum permissible 1-dim slope deviation &1-4im as defined in ISO 14999-4 if v is missing|but
w is specified as one of the letters/orientation x, y, p, and ¢,

c) the maximum permissible orientation-independent 2-dim slope deviation &3-d4im as defined in
ISO 14p99-4 if v is 2-dim (here, thespecification of w is omitted), or

d) maxinjum permissible slope.deviation where, if v and w are missing, it is permissible to chqose
between 1-dim in all orientations or 2-dim.

The quantIy G is either
a) the sampling length for 1-dim as defined in ISO 14999-4, or

b) the edge length of sampling area in 2-dim as defined in ISO 14999-4 to be used for determining|the
slope deviation (quantity F).

The quantify H1s the spatial sampling interval as defined in [SO 14999-4To be used for determining the
slope deviation (quantity F).

The quantity K is either

a) the maximum permissible rms quantity of 1-dim slope deviation €1.4im as defined in ISO 14999-4
where v is 1-dim in the orientation specified by w, where w is one of the letters/orientation x, y, p,
and ¢, or if missing in all,

b) the maximum permissible rms quantity of 1-dim slope deviation €1-qim as defined in ISO 14999-4
where v is missing, but w is specified as one of the letters/orientation x, y, p, and ¢,

c) the maximum permissible orientation-independent rms quantity of 2-dim slope deviation &,-4im as
defined in ISO 14999-4 where v is 2-dim (here, the specification of w is omitted), or

6 © IS0 2015 - All rights reserved
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d) the maximum permissible rms quantity of slope deviation where, where v and w are missing, it is

The
a)

free to choose between 1-dim in all orientations or 2-dim.
quantity L is either

the sampling length for 1-dim as defined in [SO 14999-4, or

b) the edge length of sampling area in 2-dim as defined in ISO 14999-4 to be used for determining the

slope deviation (quantity K).

The quantity M is the spatial sampling interval to be used for determining the slope deviation (quantity

K) 3
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Cifications are listed and separated by a semicolon as specified in 6.1, Example 9.
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he drawing.
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4.2 Surface form deviation described by Zernike coefficients

7(n,m) (PV < O; RMS < P)

bre
(n,m) are indieges for one or a set of tuples which reflect a degree of Zernike polynom

quantity Q_i§ the maximum permissible peak-to-valley value of the surface form devia
Fribed by ehe or the combined function of a set of Zernike polynomials as defined in IS
re (n,mjare indices for one or a set of Zernike polynomial(s) according to ISO 14999-4.

quantity P is the maximum permissible rms value of the surface form deviation that is d¢
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indices for one or a set of Zernike polynomial(s) according to ISO 14999-4.

e (n,m) are

A set of Zernike polynomials Z(n1,m1), Z(n2,m2), Z(n3,m3), or Z(N =x) is interpreted as the sum function
of these Zernike polynomials. Especially for mathematically complex or multiple tolerances for Zernike
polynomials, the values shall be given in a table(see 5.4).

Peak-to-valley and rms surface form deviations described by Zernike coefficients are taking the radius
correction into account. Thus, an applicable radius correction reduces the peak-to-valley and rms values
rather than a power deviation which does not.

Both peak-to-valley as well as rms Zernike specifications are only applicable for circular apertures.
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5.2.4.3 PV and robust PV surface deviation

PV(Q)

and

PVr(R)

The quantilty Q is the maximum permissible peak-to-valley value of the total surface deviation PV{(

as defined

The quantity R is the maximum permissible robust peak-to-valley value of the total surface devia

PVr (fwp)

PV and PVj
reduces thg

Due to the

5.2.5 Ar

The surfac
are given.

If the indic
then the te

3/A(B/

See Clause

Indicating

A test field
region as a
this test fi¢
geometric

3/A(B/]

See Clause

in ISO 14999-4, expressed in nanometres, micrometres, or fringe spacings.

hs defined in ISO 14999-4, expressed in nanometres, micrometres, or fringe,spacings.

I values are taking a radius correction into account. Thus, an applicaple)radius correc
peak-to-valley and robust peak-to-valley values rather than a power deviation which does

usage of Zernike polynomials, PVr is only applicable for circularapettures.

Ea

e form tolerance indicated applies to the complete optically effective area if no constra

htion is to be applied to a smaller test field withinalarger test area, as defined in ISO 1011
5t field dimension shall be appended to the tolerance.

C) RMSx<D (all & ..)
6, Example 3.
folerances in a table as given in Table 1 gives a second way to apply tolerances to smaller ar

in any shape (e.g. rectangular) can be defined and shown in any position within the
dimensioned area. Appropriate requirements indicated by a leader naming “3/ Test field
1d shall apply to all-pessible positions of the test field within the test region. In this case,
hape of the testfield shall be appended to the appropriate tolerance indication as follow]

C) RMSx < D{alt...x ...)

6, Example 7.

WD)

fion

fion
not.

Ints

0-1,

cas.

test

5.2.6 Lo

ation

The indication based on code number shall be shown in a table in accordance with ISO 10110-10.

Alternatively, for lens elements, the indication may be given in connection with a leader to the surface
to which it relates and will be associated with centring errors and surface imperfections. An example of
such an indication is given in ISO 10110-1.

If two or more optical elements are to be cemented (or optically contacted), the surface form tolerances
given for the individual elements also apply for the surfaces of the optical subassembly, i.e. after

cementing

(or optically contacting), unless otherwise specified (see ISO 10110-1).
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5.3 Structure of the indication in tabular form

As an alternative to the specification in 5.2, the form tolerance may also be made in tabular form as
shown in Table 1. The specification of these tolerances shall be made in conjunction with the sagitta table
defined in ISO 10110-19 by adding additional columns. The surface form can be specified as irregularity
(perpendicular to the surface) or as deviation along the z-axis. Slope deviations can be specified in
various orientations.

Table 1 — Sagitta table in accordance with ISO 10110-19 with additional tabular definition of
form tolerances

Z s AZ I ASy,w | RMSAS, G

(G/H) (L/M)

Theg main reason for use of the tabular form is the feasibility to easily define different specifjcations for
different areas. A distinction according to the position onthe surface is possible for all the parameters.

NOTE1 In 5.3, the same identifiers for quantities are used like in 5.2.
The values for the quantity AZ are the maximunr'permissible sagitta deviation defined in 3.4.

The values for the quantity I specify thesmaximum permissible irregularity PV(fwi) or |PV(fwicy)
defjned in ISO 14999-4.

Thd values for the quantity ASy-specify the maximum permissible slope deviation &1.4im|and §2-dim
according to ISO 14999-4.

Thd values for the quantitg RMSASy specify the maximum permissible rms slope deviatipn of €1.dim
and| &2-4im according to ISO 14999-4.

The applicable values for slope deviation for sampling length/edge length of sampling [area G for
maximum and L~for rms as well as the spatial sampling interval H for maximum and M fof rms shall
be given in the;same column in an additional row in the bottom. Multiple indications/columis for slope
devjiations are)allowed. The sampling length and edge length of sampling area shall be smaI;Lr than the
length/area defined by the sag table, respectively.

The specifications always apply to the position values written and the area towards the origin down to
the nextposition value thatis closer to the origin. The combination of polar coordinates as base definition
in the sagitta table with a specification of slope in Cartesian coordinates and vice versa is also possible.
Then, the position and orientation of the origin of that second coordinate system shall be expressed.

5.4 Specification of deviations in sets of Zernike coefficients in tabular form

Alternative to 5.2, surface form deviations described by one or a set of Zernike coefficients can also be
defined in a table (see Table 2).

In addition, mathematical combinations like sums or more difficult combinations like quotients can be
defined. Peak-to-valley and rms values can also be described (see ISO 14999-4).

NOTE In 5.4, the same identifiers for quantities are used as in 5.2.
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The indices (n,m) for the quantity Z are one, a set or a mathematical combination of degrees of Zernike
polynomial(s) according ISO 14999-4.

The quantity O is either

a) the maximum permissible peak-to-valley value of the surface form deviation that is described by
one or the combined function of a set of Zernike polynomials as defined in ISO 14999-4, or

b) the maximum permissible value of the equation based on the peak-to-valley value of the used
Zernike coefficients.

The quantigyP

a) are th¢ maximum permissible rms values of the surface form deviation that are described by onje or
the combined function of a set of Zernike polynomials as defined in [SO 14999-4, or

b) is the maximum permissible value of the equation based on the rms value of the)used Zernike
coeffidients.

Talbjle 2 — Specification of deviations in sets of Zernike coefficients(in tabular form

Z PV RMS
Z(n,m) 0 P

6 Examples of tolerance indications

6.1 Examples for indication based on code number

EXAMPLE [l

3/900/nm (250 nm)

The tolera]\ce for power deviation is@900 nm. The irregularity may not exceed 250 nm.

EXAMPLE P
3/5(—) RMSi < 0,05; A=632,8 nm

The tolerahce for powep-deviation is 5 fringe spacings. No specific tolerance is given for irregulafrity
or rotationally invariant irregularity, but the rms value of the irregularity may not exceed 0,05 fringe
spacings. The wayelength for all surface form deviation specifications is A=632,8 nm.

EXAMPLE B

3/3(1/0,5); A= 632,8 nm (all & 20)

The tolerance for power deviation is 3 fringe spacings. The irregularity may not exceed 1 fringe spacing.
The rotationally invariant irregularity may not exceed 0,5 fringe spacings. These tolerances apply for
all possible test fields of 20 mm diameter within the total test area. The wavelength for all surface form
deviation specifications is A = 632,8 nm.

NOTE1 In case of nanometre indication: 3/949,2 nm (316,4 nm/158,2 nm) (all & 20)
EXAMPLE 4
3/—(0,28 pm)

10 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=5f69e44f69432330bedddb80dfb03f2c

ISO 10110-5:2015(E)

No specific tolerance for power deviation is given. The tolerance on the radius of curvature shall be
taken from the radius of curvature indication. The irregularity may not exceed 0,28 um.

EXAMPLE 5
3/—RMSt < 0,05 pm; RMSa < 0,025 pm

No specific tolerance for power deviation, irregularity, or rotationally invariantirregularity is given. The
tolerance on the radius of curvature shall be taken from the radius of curvature indication. However,
when the surface is compared with the desired theoretical surface, the rms total surface form deviation
shall be less than 0,05 pm and the rms asymmetric irregularity is less than 0,025 pm.

NOTE 2  Ifno tolerance on the radius of curvature is specified, then ISO 10110-11, applies.
EXAMPLE 6
3/ 600 nm (300 nm/150 nm) (all & 20)

Thetolerance for power deviation is 600 nm. The irregularity shall be less than 300 nm. The rjotationally
invariant irregularity shall be less than 150 nm. These tolerances apply, for all possible tgst fields of
20 mm diameter within the total test area.

EXAMPLE 7
3/5 pum (0,5 pm) (all 10 x 15)

The tolerance for power deviation is 5 pm. The irregularity'shall be less than 0,5 pm. These|tolerances
apply for all possible rectangular test fields of 10 x 15 mm within the total test area.

EXAMPLE 8
3/3 (1/-); A = 546,07 nm AS(0,3 / 1 / 0,1

A specification for an aspheric surface with'power deviation, irregularity, and maximum slopf deviation
is shown. The tolerance for power devjation is 3 fringe spacings. The irregularity may not excged 1 fringe
spafing. The maximum permissiblé 1*dim slope deviation in all directions or 2-dim slop¢ deviation
respectively is 0,3 mrad. The sampling length for 1-dim is 1 mm. The spatial sampling interval is 0,1 mm.

EXAMPLE 9
3/ 700 nm;- (120 nm/-) RMSi < 30 nm

A cylindrical power deviation of 700 nm in X is given. In y-direction, the radius tolerance or ISP 10110-11
applies. In additien,the peak-to-valley (120 nm) and rms (30 nm) of the irregularity is tolergnced. Such
a tolerance belongs to a toric surface or even an off-axis parabolic surface.

EXAMPLE<10
3/10; 1 (1/0,5; 0,3) ; A = 546,07 nm AS1-dim, x (0,4 / 2 / 0,1); AS1.dim,y (0,2 /1 / 0,1]

Atolerance for a cylindric surface with its axis in Y is shown. The power deviation along the x-axis with 10
fringe and in y-direction with 1 fringe is given. Beside an irregularity of 1 fringe spacing, translationally
invariant irregularities in X of 0,5 and in Y of 0,3 fringe spacing are specified. In addition, a 1-dim slope
deviation is specified in both directions.

EXAMPLE 11
3/10;2 (1/-;0,3); A = 546,07 nm AS1.dim vy (1'/ 1/ 0,1)

A toroid with X = large radius and Y = short radius is toleranced. A line formed with them shall be
homogeneously narrow across the length, thus avoid waviness, e.g. in Y.

EXAMPLE 12
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3/ 2;0 (1/-) RMSi < 0,2; Z(N = 4) (RMS < 0,4); Z(6,0)(PV < 0,2); A = 546,07 nm

An off-axis (along X) segment of an aspheric surface is toleranced. Beside a power deviation in X and a
peak-to-valley and rms tolerance for the irregularity is used. In addition, the rms deviation of Zernike
polynomial fit for the set N = 4 and the peak-to-valley tolerance for Z(6,0) are defined.

EXAMPLE 13

3/ 2pm (1um/-) RMSi < 0,2pm; Z(4, 0) (PV < 0,5); A = 546,07 nm

A specification for an aspheric surface with power deviation, peak-to-valley and rms of the irregularity

11 1 . . s .
and a peak tU VClllC_y ucv1at1uu OPCLlllbatlUll Ul Ll\__l"U) 10 slVUll-

EXAMPLE

Radius tolerance +- 0,2 mm
3/ —PV (0,5 um)

A specificafion for a peak-to-valley surface deviation which takes the radius tolerance into account.

EXAMPLE

3/1(-) RMSi <10 nm; PVr (50 nm)

£7(4 03 3

14

15

A specificdtion for a robust peak-to-valley surface deviation withéut a radius tolerance is givern. In
addition, a| power deviation and the rms of the irregularity is specified as well. The power deviafion

does influgnce the RMSi but not the PVr.

EXAMPLE

Radius tolerance +- 0,1 mm

3/ —2(3,1),Z(3,-1),Z(2,2),Z(2,-2) (RMS < 50rn)

16

A specificafion for a surface is shown where;after radius correction of maximum 0,1 mm, the maximpum
rms deviatjon of the Zernike-polynomial-fitef the combined function of Z(3,1),Z(3,-1),Z(2,2), and Z(%,-2)

is specified.
6.2 Examples for indication based on a table

6.2.1 Aspheric surface

Table 3 shgws a sagitta€able for an aspheric surface. A specification for maximum permissible sagditta
deviation dnd a maximum slope deviation is given. The sampling length is 1 mm, the spatial sampling

interval 0,

Table 3

12

—Example of the specification of form and slope deviation for an asphere in a table
h Z AZ AS
0,0 0,0 - -
5,0 7,231564 0,0005 0,5
10 3,201487 0,0007 09’
(1/0,1)
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6.2.2 XY - polynomials described surface (Cartesian coordinates)

Table 4 shows an example for a specification of surface form deviations and slope deviations in Cartesian
coordinates. The left four columns display the sagitta and slope table to be specified for testing the data
transfer in accordance with ISO 10110-19.

Specifications for form tolerances are specified in additional columns to the right. Here, specification of
irregularity is used.

A 1-dim slope deviation tolerance in x-orientation is specified. The last column of the table illustrates
the specification of an orientation-independent 2-dim slope deviation tolerance AS;.4im in arc minutes.
Thdsampling length and the spatial sampling interval to be used are, in both cases, specified in the last
ling of the column.

Table 4 — Example of the specification of permissible surface form deviations in Cqrtesian

coordinates
X Y Z S I AS1-dim,x AS2_dim
0,0 0,0 0,0 7,023156° - 4 _

5,0 0,0 7,231564 1,213648° - < -
0,0 50 3,201487 5,81236° - - -

50 50 3,024566 2,84748° 0,5 um 0,3’ 0,1
-5,0 50 4,55879 1,8347° 0,7 um 0,5 0,3’
15 -10 12,3453 2,45534¢2 1 pum 09 0,4

(1/0,1) (4/0,2)

6.2{3 pe-polynomials described surface (polar coordinates)

Simiilar to 6.2.2, the tabular specifieation of form tolerances can also be made based on polar cpordinates.
Table 5 shows a possible specification.

Tahle 5 — Example of the specification of permissible surface form deviations in polar coordinates

P P Z S AZ AS1-dim, ¢
00| 0° 0,0 10,24565° - -

5,0 | 30° | 1,357573 | 8,145679°| 700nm | 0,15 mrad
50 | 60° |2,346239 | 2,145876°|1000nm| 0,1 mrad

(1/0,1)

6.2.4 Example for specification of deviations in sets of Zernike coefficients in tabular form

See Table 6, Table 7, Table 8, and Table 9

Table 6 — Individual coefficients

Z PV
7(4,0) 15 nm
7(6,0) 10 nm
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Table 6 (continued)
Z PV
7(2,2) 10 nm
7(2,-2) 10 nm

Table 7 — Mathematical combination of coefficients

Table 8

Table 9 —

Z PV
Sart(7(2 2NAD.L7(2 VA Q0 nm.
1 Al Sk el § =) J J
7(6,0)+Z(8,0) 80 nm

— Peak-to-valley and rms values of the combined function described by the)ZerniKe

polynomials of 4th group and Z(6,0)

Z

PV

RMS

Z(N = 4),

7(6,0)

150 nm

50 nm

Peak-to-valley value of the combined function described by the Zernike polynomials
of Z(2,2) and Z(-2,2)

Z

PV,

7(2,2),2(2,-2)

I'5'am

14
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Annex A
(informative)

Relationship between power deviation tolerance and radius of
curvature tolerance

Thd maximum permissible number of fringe spacings, N, corresponding to a dimensiongl radius of
curyature tolerance, AR, is given by the following formula, provided that the ratio (AR/R)Ns’$mall.

Nz(ZAR/l)X{l—\/W}

If the ratio (d/R) is small, this formula may be approximated by
N=[d/(2R)]*x(AR/2)

whéere
R istheradius of curvature;
AR is the dimensional radius of curvature tolerance;
d is the diameter of the test area;
is the wavelength (usually 546,07 nm);

N is the number of fringe spacings-
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Annex B
(informative)

Comparison of ISO 10110-5 and ISO 14999-4 corresponding
nomenclature, functions, and values

Table B.1 — Explanation

Surface form Nomenclature Function Value Explanation
tolerande 1SO 10110-5 IS0 14999-4 ISO 14999-4 P
peak-to-valley of total wavefront
fwp PV(fwp) deformation after
total surface 3/ PV(Q) subtraction of tilt
deviation peak-to-valley of total (circular)
fwp, cy PV(fwp,cy) cylindric wavefront deformation after
subtraction of tilt and twist
f rms(fwp) rms of total wavefront deformatior
| surf WD WD after subtraction of tilt
total surface
deviation RM 3/RMSt<D rms of total (circular) cylindric waye-
fwp, cy rms(fwp,cy) front deformation after subtraction of
tilt and twist
peak-to-valley of best-fit-sphere of
3/A(-/) fws PV(fws) wavefront deformation after substfac-
power tion of tilt
deviation peak-to-valley of best-fit-(circular-
3/ AX; AY(-/-) fwex fwey PV(fwec,x), PV(fwey) cylinder of wavefront deformation jn x,
y after subtraction of tilt and twist
peak-to-valley of wavefront irregular-
fwi PV(fwi) ity after subtraction of best-fit-sph¢re
irregularity 3/-(B/) peak-to-valley of cylindric wavefropt
fwi, cy PV(fwi,cy) irregularity after subtraction of
best-fit-(circular-) cylinder in x, y
£ rms(fwi) rms of wavefront irregularity after
. W wi subtraction of best-fit-sphere
irregularity .
RMS 3/RMSi<D rms of cylindric wavefront irreguldrity
fwi, cy rms(fwi,cy) after subtraction of best-fit-(circulgr-)
cylinderinx,y
ooy || f " pesctovalleyafperatonaly vy
. . WRI WRI rotationally symmetric) of wavefrdnt
irregularity . .
irregularity)
petlctosll o ansationly nfor
invariant 3/-(/CX; CY) fwrix fwriy PV(fwrix), PV(fwriy) lar-cylinder of wavefront irregularjty
irregularity
X,y
irr?\ti?i(:;?“y rms of rotationally invariant irregu-
irrecularit not defined fwri rms(fwri) larity (=best-fit asphere rotationally
RMSg y symmetric) of wavefront irregularity)
translationally rms of translationally invariant irregu-
invariantirregu- . larity (=best-fit
larity notdefined twrlx fwrly rms(fwri), rms(fwriy) non-circular-cylinder of
RMS wavefront irregularity in x, y)
rotationally peak-to-valley of rotationally varying
varying not defined fwrv PV(fwrv) irregularity after subtraction of best-
irregularity fit-asphere
translationally peak-to-valley of translationally var-
varying not defined fwrv PV(fwrv) ying irregularity after subtraction of
irregularity best-fit-non-circular-cylinder in x, y
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