INTERNATIONAL ISO
STANDARD 10110-14

Second edition
2007-09-15

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

Part 14:
Wavefront deformation tolerance

-

Optique et photonique <= Préparation des dessins pour éléments
et systemes optiques—

Partie 14: Tolérance de déformation du front d'onde

_— Reference number
= — ISO 10110-14:2007(E)

© SO 2007


https://standardsiso.com/api/?name=bbcbcaf1f1183fae740630e2d83fb769

ISO 10110-14:2007(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

—COPYRIGHT PROTECTED DOCUMENT

© 1S0 2007

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=bbcbcaf1f1183fae740630e2d83fb769

ISO 10110-14:2007(E)

Contents

o T =31V o T (o
8o o 11 o 4 oY
1 SCope T
2 NOIrMAtiVe refErENCES .......cciiiiieeee i rsss s re s s s s s s e e e e s snsssasssseesssnnsssssssurnsas Sunn
3 Terms and definitioNS........cceuiiiiiiiiiie s s s s s e s sananssssseane fan b nnnann
4 Specification of tolerances for wavefront deformation ..........cccocccceeriiri e eceeeeeenne,
4.1 L€T=Y o 1= - | . S S
4.2 L0 T S
4.3 Wavelength........ccciiiiir e S T
4, Target aberrations ..........cccciciciiini e L e ————
4, Cemented (or optically contacted) elements............ccocceririiccc a0
5 Indication in drawings .........ccccocririiiiiiiiierr e e e
5.1 L CT=Y 0 1= - | [ 4
5. (090 o L300 10T 11 o = e
5. Form of the iNdication ...........ccieeeeiiiiiiiiiieirir b e e e re s s s as s s s s s s e s s s s s s e s e e s nsnasssssseessnsennnn
5. 1o Y o2 1 4 oY 1 s
5.5 Indication of iHUMINAtION .......cceeeeeiiiiiiiiie e e re s s s e s s s s s e e e e e s ssnsss e e s e e ennnsnnnn
5.6 Specification of the image point location...;ol ... i
5.7 Indication of target aberrations............ccc.h i ——————
6 Examples of tolerance indications....... 5 e
BiBliOgraphy ... S e

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=bbcbcaf1f1183fae740630e2d83fb769

ISO 10110-14:2007(E)

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-govermmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with
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bl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 2.
fask of technical committees is to prepare International Standards. Draft International Standa

y the technical committees are circulated to the member bodies for voting.\Publication as
bl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

shall not be held responsible for identifying any or all such patent rights.

114 was prepared by Technical Committee ISO/TC 172, Optics and photonics, Subcommittee S(
fal standards.

d edition cancels and replaces the first edition (ISO 10110-14:2003) which has been technic

consists of the following parts, under the general title Optics and photonics — Preparatior]
Dr optical elements and systems:

General

Material imperfections — Stress birefringence
Material imperfections — Bubbles and inclusions
Material imperfections—-Inhomogeneity and striae
Surface form tolerances
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Part 14: Wavefront deformation tolerance
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© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=bbcbcaf1f1183fae740630e2d83fb769

ISO 10110-1

Introduction

4:2007(E)

This part of ISO 10110 makes it possible to specify a functional tolerance for the performance (expressed as

single-pass wavefront deformation) of an optical system, which may have optical power or contai
optical elements. This tolerance therefore includes the effect of surface form deformations, inhom
and possible interactions among the various individual errors.

n powered
ogeneities,

also possible to supply a tolerance for the wavefront deformation, according-to this part of 1S
ition to tolerances on the form of the individual surfaces and/or inhomogéneity (according to IS
ISO 10110-4, respectively). In this case, the manufacturer must ensufe-that all of the individual
(surface deformations and inhomogeneity) are upheld, as well as énsuring that the wavefron
spgcified quality.

Oplical elements are often tested in a “double-pass” configuration; in which the wavefront passes
in the case of reflective optics, reflects from the element under test twice, as shown in ISO/TR 149
Figure 18.

In the case of double-pass testing, the additional wavefront deformation caused by the second tr
through the element must be accounted for whenicomparing the measurement results with th
tolgrances. If the wavefront is not severely deformed by passing once through the element unde
reflects from a high quality mirror, so that it(returns through the identical portion of the test elen
intgerferometer, then the observed defermation of the wavefront is twice the (single-pass)
(defined in 3.2.3 of 1S0:14999-4:2007). That is, the wavefront deformation is o
obgerved wavefront deformation.

If the wavefront is severely defermed by the element under test, then the individual rays do not pg
the] same positions in the element under test on their return path, and the wavefront deformation is
twige that of the single path case.

If the measurement wavelength is not the specification wavelength, care must be taken. At least the
deformation is to beé'recalculated.
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Scope

e |ISO 10110 series applies to the presentation of design and functional requirements for optica
assemblies in technical drawings used for manufacturing and inspection:

s part of ISO 10110 gives rules for the indication of the permissible deformation of a wavefront
pugh or, in the case of reflective optics, reflected from an optical 'element or assembly.

e deformation of the wavefront refers to its departure from:the desired shape. The tilt of the wa
pect to a given reference surface is excluded from the scope of this part of ISO 10110.

bre is no requirement that a tolerance for waveffont deformation be indicated. If such a t
cified, it does not take precedence over a tolerance for the surface form according to ISO
rances for both the surface form and the wavefront deformation are given, they must both be up

Normative references

following referenced documents are indispensable for the application of this document.
rences, only the edition gcited applies. For undated references, the latest edition of the
ument (including any amendments) applies.

O

10110-1:2006, Optics“and photonics — Preparation of drawings for optical elements and s
t 1: General

/TR 14999-2,/Optics and photonics — Interferometric measurement of optical elements &
tems — Part 2: Measurement and evaluation techniques

tems— Part 4: Interpretation and evaluation of tolerances specified in ISO 10110

| elements

ransmitted

efront with

blerance is
10110-5. If
held.

For dated
referenced

ystems —

nd optical

14999-4:2007, Optics and photonics — Interferometric measurement of optical elements and optical

3

Terms and definitions

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

NOTE 1ISO 14999-4 provides the definitions for all the deformation functions.
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4 Specification of tolerances for wavefront deformation

41 Gen

eral

The tolerances for wavefront deformation are indicated by specifying the maximum permissible values of the
sagitta deviation, irregularity, and/or rotationally invariant irregularity. In addition, tolerances for three root-
mean-square measures of wavefront deformation (rms total, rms irregularity and rms rotationally varying
wavefront deviation) may be specified. See 3.3 of ISO 14999-4:2007 for definitions.

NOTE 1  The sagitta deviation is meaningful only when the location of the image is specified. If the location of the

image is un bpecllled, the Sagllta aeviation Is aerined 1o be Zero.

NOTE 2  Methods for determining the amount of sagitta deviation, irregularity and rotationally invariant irregtlarity pf a

given wavefront are given in ISO 14999-4.

It is not negessary that tolerances be specified for all types of wavefront deformation.

4.2 Units

The maximum permissible values for sagitta deviation, irregularity, rotationallyCinvariant irregularity and, if

applicable,| any target aberrations should be specified in units of nhanometres. df wavelengths are to be used,

the wavelength shall also be indicated on the drawing.

NOTE 1 These quantities are defined with reference to a wavefront passing”once through the element under fest

(single-pasy).

If a specification is to be given for one or more rms wavefront deformation types, the specification shall glso

be in units jof nanometres or wavelengths (single-pass, see NQTE 1).

NOTE 2  |One "wavelength" is 1 x the wavelength (in nanometfes) in which the wavefront deformation is specified.

NOTE 3 [The specification of a tolerance for an rms deformation type requires that the optical system be analygsed

digitally.

4.3 Wayelength

If wavelength units are to be used, the-wavelength shall also be indicated on the drawing in order to redjice

confusion. [If none is provided, the-wavelength is assumed to be 546,07 nm.

4.4 Target aberrations

Frequently| the nominal theoretical wavefront is spherical or planar. In some cases, to allow for the presence
be

of small aIwunts of residual aberration in the design of an optical system, non-zero target values may

specified f

r polynomial aberration types.

4.5 Cemented (or optically contacted) elements

If two or more optical elements are to be cemented (or optically contacted), the wavefront deformation
tolerances given for the individual elements apply also for the elements after assembly, i.e. after cementing (or
optically contacting), unless otherwise specified. See 4.8.3 of ISO 10110-1:2006.
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5.1

ISO 10110-14:2007(E)

Indication in drawings

General

In all cases in which a tolerance for wavefront deformation is to be indicated, the optical axis of the element
shall be indicated on the drawing according to 4.2 of ISO 10110-1:2006.

The location of the stop surface or pupil shall be indicated according to 5.3 of ISO 10110-1:2006. See Figure 1.

The tolerance for wavefront deformation shall be indicated by a code number (see 5.2) and the tolerances for

sagitta deviation, irregularity, rotationally invariant irregularity and rms deformation types shall be, I

ap

W
wa
wa

Q)

No
inc
sha
0,2
NO

Se

ropriate (see 5.3).
vefront deformation should be specified in nanometres. However if wavelength unitsyare” to be
belength units are implied.
provision is given for the specification of a PV-tolerance for the total wavefront deformatig
uding both the sagitta deviation and the irregularity). If such a specification is necessary, this

Il be given in a note on the drawing, for example: “Total waveffont” deformation shall n
b wavelengths” or “Total wavefront deformation shall not exceed 150.nm.”

p Clause 6 for examples of tolerance indications.

13/3(1)

(a)

P1 @32

(b)

Figure 1 — Examples of an indication of a tolerance for
wavefront deformation, with planar illumination
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5.2 Code number

The code number for wavefront deformation is 13/.

5.3 Form of the indication

The indication shall have one of the three forms:

13/A (B/C); A=E or

13/A (

13/ —

B/C) RMSx < D; 4 =E (where x is one of the letters t, i or a; see 3.3 of ISO 14999-4:2007) or

RMSx < D; A4 = E (where x is one of the letters t, i or a).

The indication “; 1 = E” (last element of the three forms of indication specified above) may be_omitted provigled

the wavele

The quanti

The quanti

the pe
slash

hgth of specification is 1 = 546,07 nm (see 5.1).

y A is either:

e maximum permissible (single-pass) sagitta deviation or

dash (—) indicating that no explicit tolerance for sagitta deviation’is given.
y B is either:

e miximum permissible value of (single-pass) irregularity*or

dash (—) indicating that no explicit tolerance for irregularity is given.

y C is:

rmissible value of the (single-pass) rotationally invariant irregularity. If no tolerance is given,
/) is replaced by the final parenthesis)iie. 13/ A (B).

If no tolerance is given for any of the_three deformation types, then A, B, C, the divisor line (/) and

parenthesi

The quanti

5 are replaced by a single dash (—), i.e., 13/—.

y D is:

the

the

the maximum permissible)value of the rms-quantity of the type specified by x, where x is one of the letfers

"he

t, i or p. These deviations are defined in 3.3.5, 3.3.6, and 3.3.8 of ISO 14999-4:2007, respectively.
specification of mere than one type of rms-deviation is allowed. These specifications shall be separated
by a semicolong as'shown in Clause 6, Example 7.

The quantity E<s¢
the wavelength In which the wavefront deformation IS Specified.

The wavefront deformation tolerance indicated applies to the optically effective area, except when the
indication is to apply to a smaller test field for all possible positions within the optically effective area. In this
case, the diameter of the test field shall be appended to the tolerance indication as follows:

13/ A (BIC) RMSx <D (all @...); A=E

See Clause 6, Example 4.

© 1SO 2007 — All rights reserved
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5.4 Location

The indication shall be entered near the optical element to which it refers. If necessary, the indication may be
connected to the optical axis by a leader, as shown in Figure 1.

In cases where the optical axis is not normal to the surfaces of the element, it may be necessary to indicate
the test region for wavefront deformation in a cross-section perpendicular to the optical axis. In this case the
indication of wavefront deformation shall be associated with the test region (see Figure 2).

For elements requmng |nd|cat|ons for transmitted wavefront deformatlon anng multlple test paths the various
; wavefront
deformatlon are to be assomated W|th the Ietters of the input and output test paths as shown in Flg re 3.

Dimensions in millimetres
624

13/2(0,5)

(a)
P1 232 24

A
 J

13/4(0,25); A = 632,8 nm

(b)

Figure 2 — Indication of the wavefront quality specification referencing
an indicated test area

© 1SO 2007 — All rights reserved 5
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CE: 13/ 3(1
CF: 13/ 1(0,
DE: 13/3 (1
DF: 13/ 1(0,

5.5 Indi

For divergi
Figure 4.

specification for an element having multiple test paths

P)
P)

Figure 3 — Indication of the wavefront quality
cation of illumination

hg or converging illumination, the position of the object point shall be indicated on the drawing. §

The absence of an indication of the position of,the object point implies collimated (planar wavefrd

illumination

, as shown in Figures 1, 2 and 3.

R1 @32

Dimensions in millime

13/2(0,5); A = 584,6 nm

bee

nt)

res

35 0,2

A

Figure 4 — Example showing the indication of the object point on the drawing
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5.6 Specification of the image point location

Optionally, the location of the image point may be given with a dimensional tolerance. If the image location is
given, it shall be distinguished from the object location by the letters “im” associated with the indicated position.
See Figure 5.

NOTE The sagitta deviation, which is a measure of the extent to which this tolerance is upheld, is not meaningful
unless the image position is indicated. If no restrictions are specified on the location of the image of the optical system
under test, the reference sphere is identical to the approximating spherical wavefront, and the sagitta deviation is defined
to be zero.

Dimensions i millimetres

P1 @32

139,2 0,2

Figure 5 — Example showing the indication of the image position

5.1 Indication of target aberrations

Target values for one or more of the polynomial aberrations defined in Annex A of ISO/TR 14999-2:2005 may
be specified following the word “Target”. The form for the indication of a target aberration is as folloys:

C; = value
where
i is the“identifying index of the desired polynomial term;

value _Ns’the numerical value of the target.

Se¢ Elause 6, Example 8.

6 Examples of tolerance indications

The following examples are designed to illustrate the indications in drawings in accordance with this part of
ISO 10110.

EXAMPLE 1:  13/—(1); A=632,8 nm

The irregularity shall not exceed 1 wavelength (at A =632,8 nm) of single-pass wavefront deformation. No tolerance for
sagitta deviation is given.

© 1SO 2007 — All rights reserved 7
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EXAMPLE 2:

13/ 5 (—) RMSi < 0,05; 1 =632,8 nm

The tolerance for the sagitta deviation (in addition to the amount corresponding to the dimensional tolerance given in the
indication of the image position) is 5 wavelengths of single-pass wavefront deformation. No specific tolerance is given for
irregularity or rotationally invariant irregularity, but the rms value of the irregularity shall be less than 0,05 wavelengths of
single-pass wavefront deformation. The wavelength for all wavefront deformation specifications is 4 = 632,8 nm.

EXAMPLE 3:

13/ 600 nm (300 nm/150 nm); A = 632,8 nm

The tolerance for the sagitta deviation is 600 nm of single-pass wavefront deformation. The total irregularity shall not

exceed 300

nm. The rotationally invariant irregularity shall be less than 150 nm of single-pass deformation.

EXAMPLE 4

The wavefr
effective tes
irregularity 9
be less thg
specificatior]

EXAMPLE 4
For all poss
pass) sagitt
single-pass

EXAMPLE

The toleran
of single-pa

-a: 13/3 (1/0,5); (all @ 30)
nt deformation tolerances apply to all possible locations of a 30 mm diameter test area within‘th€ optid
t area. The tolerance for the sagitta deviation is 3 wavelengths of single-pass wavefront deformation. The f
hall not exceed 1 wavelength of single-pass wavefront deformation. The rotationally invariant’irregularity s
n 0,5 wavelengths of single-pass wavefront deformation. The wavelength for all wavefront deforma
s is A =546,07 nm.

-b:  13/0,5 — RMSi < 0,05 (all & 12)

ble positions of a 12 mm diameter test region within the optically effective test area of the element, the (sin
h deviation shall not exceed 0,5 wavelengths, and the rms irregularity shall’be less than 0,05 wavelength
wavefront deformation. The wavelength for all wavefront deformation{specifications is 4 = 546,07 nm.

b:  13/3(1); 1=632,8 nm
e for the sagitta deviation is 3 wavelengths in single-pass;.the total irregularity shall not exceed 1 waveler
5s wavefront deformation. The wavelength for all wavefront'deformation specifications is 1 = 632,8 nm.

EXAMPLE

No specific [tolerance for the sagitta deviation, irregularity, or rotationally invariant irregularity is given; however, the {
rms difference between the actual wavefront and the theoretical wavefront shall be less than 0,07 wavelengths of sin
pass wavefront deformation. The wavelength for all wavefront deformation specifications is 4 = 546,07 nm.

EXAMPLE 1}

No specific

13/— RMSt < 0,07; 1 =546,07 nm

-a: 13/— RMSi < 0,07; RMSa £0,03; 1=632,8 nm

tolerance for the sagitta deviation, irregularity, or rotationally invariant irregularity is given; however, the

ally

ptal

hall

tion

Ole-
5 in

gth

ptal
Ole-

rms

irregularity shall be less than 0,07 wavelengths of single-pass wavefront deformation, and the rms rotationally varying
wavefront deviation shall be less-than 0,03 wavelengths of single-pass wavefront deformation. The wavelength for all
wavefront deformation specifications is 4 = 632,8 nm.
EXAMPLE 7-b: 13/— RMSt < 0,07; RMSi < 0,04
No specific [toleranCe~for the sagitta deviation, irregularity or rotationally invariant irregularity is given; however, the fptal
rms difference between the actual wavefront and the theoretical planar wavefront shall be less than 0,07 wavelengthf in
single-pass | wavefront deformation, and the rms rotationally varying wavefront deviation in single-pass waveffont
deformation‘shal-bedessthan-8:04-wavelengths—Hhe-wavelergthforaltransmitted-wavefront-deformation-speeifieations
is A =546,07 nm.
EXAMPLE 8:  13/—(0,1); 1 =632,8 nm

Target

Cg=1,24;

Ci5=-10,44
8 © 1SO 2007 — All rights reserved
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