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Foreword

:2018(E)

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

ele

ctrotechnical standardization.

The procedures used to develop this document and those intended for its further mainte
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria-need
different types of ISO documents should be noted. This document was drafted in accordanc
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént'may be the
patent rights. ISO shall not be held responsible for identifying any or all such-patent rights.
any patent rights identified during the development of the document will be in the Introduct
on|the ISO list of patent declarations received (see www.iso.org/patents).

Anly trade name used in this document is information given for thé convenience of users an

co

Fo1

expressions related to conformity assessment, as well as information about ISO's adhere

Wa
.or

stitute an endorsement.

an explanation of the voluntary nature of standards, the meaning of ISO specific {

rld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) segq
b /iso/foreword.html.

Th
SC

Th
ISC

Th
a)

b)
‘)
d)
e)

s document was prepared by Technical Committee ISO/TC 172, Optics and photonics, Sub¢
1, Fundamental standards.

s first edition of ISO 10110-18 cancels and replaces ISO 10110-2:1996, ISO 10110-3
10110-4:1997 which have been merged into one document and technically revised.

e main changes compared to the previous editions are as follows:

additional notation defined for the indication code to directly specify the raw matg
finished part,

wavefront deviation method added for specifying limits to acceptable striae,
bubble concéntration rule adjusted to count only maximum size bubbles,
multi-directional notation added to striae specification, and

focusterm notation added to homogeneity specification.

nance are
ed for the
e with the

subject of
Details of
on and/or

1 does not

erms and
hce to the
WWW.iso

ommittee

1996 and

brial for a

Al

st-of all the parts in the [SO 10110 series can be found on the ISO website

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The ISO 10110 series is composed of separate parts. It standardizes drawing indications for optical
elements and systems. This document (Part 18) standardizes drawing indications for the tolerancing of
material imperfections.

Material imperfections require tolerances because they can degrade the quality of an optical part.
This document provides notations for material imperfections in optical elements. This includes
the specification of a tolerance for stress birefringence, bubbles and inclusions, refractive index
homogeneity, and striae. It includes the notations and grades formerly described in 1SQ 10110-2,

ISO 10110
using thog

A drawin
should ac
some case
are specif

Evenona
it might b
a specificy
specify ra
birefringe|
finished p

In this dog
to be sped
either spe
notations,
“00/”, “01
notations

-3, and ISO 10110-4, and provides complete backward compatibility to drawings develpy
e standards.

b notation standard, such as this document for specifying all optical material}tolerang
fommodate all common specification methods to allow broad adoption and.application
s, material tolerances are specified on the final part, and in other cases material toleran
ed on the raw material or blank used to make the final part.

ingle part, different tolerances may be specified and controlled in diffeyent ways. For examj
e desirable to specify the bubbles and inclusions of a finished doublét assembly in additior
ition on the individual elements. Additionally, for that same dotiblet, it might be prudent
v material tolerances and accept the manufacturer’s material quality certifications for str

art or assembly.

ument, every effort has been made to provide flexibility in the notation to allow the materi
ified in the most sensible means for the given application. In each case the user is allowed
cify the material imperfection tolerance for the*finished part, using the “0/”, “1/”, and “
or to specify the quality of the material blapk'used in the manufacture of the part, using

”and “02/” notations. If the specificationis intended to apply to the finished assembly,

‘10/”7,“11/”, and “12/” are used.

ed

es,
In
ces

le,
to
to
ESS

nce, refractive index homogeneity and striae, which are miuch more difficult to validate ojn a

als

to
2/"
the
Lhe

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

Part 18:
Stress birefringence, bubbles and inclusions, homogeneity,

dal

1
Th

NS

m

2
Th

1d striae

Scope

s document specifies the indication of tolerances for four categories of imperfections within optical
mdterials — stress birefringence, bubbles and inclusions, homogeneity, and'striae — in the

ies, which standardizes drawing indications for optical elements and-systems.

Tojerances are applied either to a finished optical part, a finished system of optical parts, or

terial used to manufacture an optical part.

Normative references

e following documents are referred to in the text inh such a way that some or all of thg

comstitutes requirements of this document. For dated references, only the edition cited aj

un
IS

IS(
Pa

ISQ
No

IN(
ISd
SyS
3

Fo1

Hated references, the latest edition of the referenced document (including any amendment
9802, Raw optical glass — Vocabulary

10110-1, Optics and photonics —Préparation of drawings for optical elements and 9
't 1: General

10110-11, Optics and photonics — Preparation of drawings for optical elements and systems
n-toleranced data

12123, Optics and photenics — Specification of raw optical glass

14999-4:2015, Optics and photonics — Interferometric measurement of optical elements ¢
tems — Part 4;Aiitérpretation and evaluation of tolerances specified in 1SO 10110

Terms and definitions

thé purposes of this document, the terms and definitions of ISO 9802 and the following aj

[SO 10110

fo the raw

ir content
pplies. For
5) applies.

ystems —

— Part 11:

nd optical

bply.

IS

anmdEC maintaim terminologicat databases for use imstandardizatiom at the fottowingad

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

3.1 Terms for stress birefringence

3.1.1
birefringence
variation of the refractive index with the orientation of polarization inside optical materials

© ISO 2018 - All rights reserved
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3.1.2

stress birefringence

birefringe

nce caused by mechanical stress within the optical material

Note 1 to entry: The formula relating the stress optical constant and stress birefringence is given in Annex A.

3.2 Terms for bubbles and inclusions

3.2.1
bubble

gaseous Vi

3.2.2
inclusion
localized |
sand and

3.2.3

grade number of a bubble or inclusion

unitless n
a projecte

Noteltoe

a circle that contains the specified area. The actual diameter of the circle is nearly 13 % larger than indicated

the grade n

3.2.4
negligibl¢
bubble or

3.3 Ter

3.31
homogen
gradual vg

3.3.2

striae
short spat
up to seve|

4 Spec

4.1 Rav

pit; of generatty circutarcrosssection, i the butk matertat

pbulk material imperfection including, but not limited to, bubbles, striae, knots,small stor
rystals

meric label derived from a value in an R5 Renard sequence and specifying the square roo
d area

htry: The grade number can be interpreted as an equivalent size, which is the approximate diamete|

umber when units of linear dimension are appended.

t bubble or inclusion
nclusion whose grade number is 16 % of the maximum permissible grade or less

ms for homogeneity and striae

pity
riation of the refractive index within a single piece of optical material

ial range variation of refractive index with typical spatial extent from below one millime
ral millimetres

ification ef raw material and finished assemblies

y material

By prefixing-the digit zero “0” to any of the indication codes. e.g. “00/”, “01/", or “02/" rather t

es,

E of

I of
by

tre

an

“0/","1/", or “2/”, the designer directs the specification to the raw material rather than to the finished
part. Unless otherwise noted, this shall mean that the manufacturer’s quality certifications for the
raw material that was used to manufacture the part will be accepted as proof that the part itself is in
accordance with the specification.

ISO 12123 on raw optical glass defines specifications and quality grades for raw optical glass materials
that shall be used whenever possible, even when tolerancing finished components.

4.2 Finished assemblies

By prefixing the digit one “1” to any of the indication codes, e.g. “10/”, “11/”, or “12/” rather than “0/”,
“1/”, or “2/”, the designer directs the specification to a finished assembly of components rather than to
a single component in the assembly.

2
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1SO10110-18:

Stress birefringence

5.1 Principle of specification

2018(E)

Stress birefringence is the optical path difference (OPD), in nanometres, between orthogonal
polarizations of a light beam as it propagates one centimetre through the material (nanometres per
centimetre).

NOTE

5.2

5.2.

Th
bif

5.2

where A is the maximum allowable OPD in nm/cm.

5.3
EX
Th
EX

Th
20

EX
Th

6.1

Bu

Indication in drawings

1 Indication codes

e indication code for stress birefringence in the finished part is “0/”. The indication code
efringence in the raw material is “00/” and for a finished assembly is “10/”,

.2 Structure of the indication

0/A or 00/A or 10/A

b Examples of indications for stress birefringence
\MPLE1  0/2
b stress birefringence allowed in the finished part shall be less than or equal to 2 nm/cm.

AMPLE2 00,20

nm/cm.
AMPLE3  10/20

e stress birefringence in-afinished assembly shall be less than or equal to 20 nm/cm.

Bubbles and.intélusions

General

bble iswsed as the generic term for bubbles and/or inclusions, unless otherwise indicated.

6.2

Principle of specification

Guidance for typical tolerances for stress birefringence for some applications is given in Annex B.

for stress

b stress birefringence of the raw matérial used to manufacture the part shall be less than ¢r equal to

Specify the maximum size grade of a permissible bubble. Specify the maximum number of maximum
grade bubbles. Control the total accumulated area obscured by all allowed bubbles.

Standard bubble grades are defined in Table 1. They were derived by rounding the values of a Renard
sequence (R5) of size.

© ISO 2018 - All rights reserved
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Table 1 — Standard bubble grades

Grade Number Size (square root of area) Area
no units mm mm?2
0,006a 0,006a 3,60 x 10-52a
0,010a 0,010a 1,00 x 10-4a
0,0162 0,016a 2,6 x10-4a
0,025a 0,025a 6,25 x 10-4a
0,040 0,040 1,60 x 10-3
0,063 0,063 3,97 x 10-3
0,10 0,10 1,00 x 10-2
0,16 0,16 2,56 x 102
0,25 0,25 6,25 x 102
0,40 0,40 1,60 »10-1
0,63 0,63 397 x 10-1
1,0 1,0 1,00 x 100
1,6 1,6 2,56 x 100
2,5 2,5 6,25 x 100
4,0 4,0 1,60 x 101
a  Bubblep smaller than 0,030 mm equivalent size are not typically relevant to_thé specification of raw optical glass.

NOTE Annex C contains guidance for typical specifications in seéveral applications.

6.3 Indjcation in drawings

6.3.1 Indication codes

The indicqtion code for bubbles in the finishedpart is “1/”. The indication code for bubbles in the raw
material i§ “01/”. The indication code for hubbles throughout a finished assembly is “11/".

6.3.2 Structure of the indication
1/NxHAor01/NxAor11/Nx4
where

A  is|the grade fiumber of the largest permissible bubble;

N is|the maximum permissible number of largest permissible bubbles;

x  is|the multiply symbol to separate and relate N and A.

6.4 Accumulation rule

The sum of the projected areas of all bubbles with grade numbers less than or equal to A and greater
than 0,16 A shall not exceed
N x A2 mm?2

where

4 © ISO 2018 - All rights reserved
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N

A? isthe square of the grade number of the largest permissible bubble.

:2018(E)

is the maximum number of the maximum size bubble that is indicated in the specification;

The accumulation rule allows more bubbles of smaller sizes, but their summed cross sectional areas
shall remain below the maximum total areal limit established by the indicated specification.

6.5 Concentration rule

Concentrations of bubbles are not allowed.

Ad
in

If 4
bu

Fo1

grg
of I

6.¢

EX

Th
are
wh

EX

Th
is
of
0,1

EX

Th
of
nu

7

7.1

oncentration occurs when more than 20 % of the number of allowed maximum grade bubbl
iny 5 % sub-area of the test region. The 5 % sub-area shall have a similar form as the'test n

he total number of allowed bubbles is less than 10, then a concentration occuns when tw
bbles of allowed maximum grade fall within a 5 % sub-area of the test regionc

any bubbles with a grade of one to three grades smaller (down to 0,16 A)ithan the maximu
de and within 5 % of the test region, accumulate the grade numbers tofind the equivale
bubbles of maximum grade, rounding up. Then evaluate as described\for maximum grade |

p Examples of indications for bubbles

AMPLE1 1/1x0,25

b largest permissible grade number of any bubble in the)finished partis 0,25. The sum of the
as of all bubbles less than or equal to grade number 0,25 and greater than grade numb)
ich is 0,16 x 0,25 — shall be less than or equal te'0;062 5 mm?2.

AMPLE2 01/3x0,5

b largest permissible grade number of\@ny bubble in the raw material used to manufactuy
,5. The maximum allowed number*df maximum size bubbles is 3. The sum of the proje
11l bubbles less than or equal to grade number 0,5 and greater than grade number 0,08

6 x 0,5 — shall be less than or equal to 0,75 mm?2.
A\MPLE 3 11/1 x 0,25

b largest permissible.grade number of any bubble throughout a finished assembly is 0,25
the projected areag-of-all bubbles less than or equal to grade number 0,25 and greater {
mber 0,04 — which.15 0,16 x 0,25 — shall be less than or equal to 0,062 5 mm?2.

Homogeneity and striae

General

bs is found
egion.

O Or more

Im allowed
ht number
ubbles.

projected
er 0,04 —

e the part
"ted areas
—- which is

. The sum
han grade

Th

L l:-cc - o b £ : R T T | e I I : £ -
C LWU UILITTTIIU SPCCITILAUIUILS 1O PCTIITISSIDIC TTUITITUETIITILY dllU SUNIAC HITPETITULIVLLS dP

ear under

the same indication code and are separated by a semicolon. Within the indication, the specification for
homogeneity precedes the specification for striae. The basic specification may be modified with a focus
term for homogeneity and a multi-directional term for homogeneity or striae.

7.2 Indication in drawings

7.2.1 Indication codes

The indication code for homogeneity and striae is “2/” for the finished part, “02/” for the raw material
used to manufacture the finished part, or “12/” for a finished assembly.

© ISO 2018 - All rights reserved
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7.2.2 Structure of the indication

Basic structure of the indication:

2/A; B or 02/A; Boor 12/4; B

Standard quality classes for A are defined in Table 2. Standard quality classes for B are defined in
Table 3 and Table 4.

Optional Focus term, “~F”, added to the indication for homogeneity:

L

hm] Y a0 LA I i el A I D
2/A - FrBor 02/A=TF,Bort2/A="F15

Use the fdcus term, F, where the focus term, F, is the Zernike Polynomial Term Z(2, 0) as defined in
ISO 14999-4:2015, Annex B, Table B.1.
Optional Multi-dimensional term, “x 1 n”, term added to the indication for homogeneity or stripe:
2/AklIlnBxlnor02/Ax1InBxlnorl2/Ax1ln;Bx1ln
where for|basic and optional indications
A is a variable and is to be replaced with the specification for hemogeneity in terms of qyal-
ity class;
B is a variable and is to be replaced with the specification for striae in terms of quality clafs;
-F is not a variable and indicates that the focus termmay be removed from the wavefront
map of the homogeneity;
x1n contains the variable n and indicates thatthe specification applies in n orthogonal di-

7.3 Homogeneity

7.3.1 Pi

mensions.

rinciple of specification

The magnitude of homogeneity is 'specified as the difference between the maximum and minimpm
values of the refractive index.
NOTE Annex D offers some gaiidance for the specification of homogeneity in several common applications.
7.3.2 Qtality classés
This document defines six quality classes for homogeneity as given in Table 2.
Table 2 — Six'quality classes that may be used for A, the specification for homogeneity (finished
—parts, fimished-assembtlies, and/or raw material)
L Maximum permissible peak-to-valley variation
Legacy class indi- New class indicator of refractive index
cator
10-6
0 NH100 100
1 NH040 40
2 NHO010 10
3 NHO004
4 NHO002
5 NHO001
6 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=0a727b819674f21533c42c852283485f

1SO 10110-18:2018(E)

The legacy class indicators are backwards compatible with the previous ISO 10110-4 stan
class indicators are taken from ISO 12123.

7.3.3 Focus term

dard. New

The designer may further qualify the specification for homogeneity to exclude the focus term that is
generated with a wavefront map of the homogeneity. The indication “~F” shall be appended to allow the

exclusion of the focus term.

Care should be exercised when manufacturing a finished part from raw material that passed the

ho

Twlo methods of specifying striae are allowed. The first method, specification by density, is the method

wavefront

NO Annex E offers some guidance for the specification of striae tolérances in several common applications.

7.4.2 Density classes for striae

Strjiae imperfections in finished parts may be specified by the density of striae that cause optical path

differences of at least 30 nm. Their density is measured in terms of the areal percentage
region that they obscure.

Four classes are predefined on the basis of density.

The specification of maximum density is @ot useful for very weak striae. Therefore, a fift]
designating the highest of quality does/not restrict the specification to striae that cause of
differences of at least 30 nm.

The classes are defined in Table.3.

Table 3 — Five density classes for the specification of striae for finished parts, fini
assemblies, and/or raw material

bf the test

h class for
tical path

shed

Class indicator )
% of test region obscured

Density of striae causing optical path difference of at least 30 nm

<10

<5

<2

s | oo | o o=

1

Extremly free of striae

5 Restriction to striae exceeding 30 nm does not apply

Further information to be supplied in a note to the drawing.

Striae density classification is not supported by all manufacturers. Care should be used
method of specification.

7.4.3 Wavefront deviation classes for striae

Striae tolerances are defined in terms of wavefront deviation for 50 mm of material path.

© ISO 2018 - All rights reserved
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Striae are generally detected by means of the shadowgraph method using comparison standards.
Table 4 gives the striae wavefront deviation tolerance classes.

To specify extremely low striae content in raw material, it is necessary to know the optical path length
and direction for the final application in order to perform adequate inspection.

Table 4 — Striae wavefront deviation tolerances

Striae wavefront deviation toler-
Striae wavefront deviation using |Striae wavefront deviation using| jpce limit per 50 mm path length
shadowgraph classes IS0 12123 classes
nm
D SW60 <60
C SW30 <30
B SW15 <15
A SW10 <10

7.4.4 Comparison of density and wavefront quality classes for striae

Striae imgerfections may be specified by the density of striae that cause optical path differences of at
least 30 nm. Their density is measured in terms of the percentage of the-test region that they occupy.
Alternatively, striae imperfections may be specified in terms of the wavefront deviation per 50 mm of
material gath. These two types of classifications are mutually independent; one cannot be considered a
good predfictor of the other.

7.4.5 Mupultiple orthogonal directions

In exceptipnal cases, e.g. for large prisms, the designer.may further qualify the specification for strjiae
by requiring that the tolerance apply to 2 or 3 orthogefial directions by appending the indication x 1 n.
The varialple n may take on the value of either 2 or 3, A note is needed to define the directions of interg¢st.

If the indi¢ation for multiple orthogonal directions is not included, then the specification applies in oply
one directfion.

7.5 Examples of indications for’homogeneity and striae
EXAMPLE| 2/2;3

The finisHed part's homogeneity shall be better than or equal to 10 x 10-6 and the density of stifiae
that causgq OPD of at least,30 nm shall be 2 % or less of the test region. This is an example of an pld
specificat]on that usesJegacy class indicators for homogeneity and for striae.

EXAMPLEP  02/NHO004 - F; SW15

The raw matérial’'s homogeneity shall be better than or equal to 4 x 10-6 when the focus ternf is
excluded; phd the maximum wavefront deviation caused by striae shall not exceed 15 nm per 50 mnj of
path length:

EXAMPLE3  2/NHO010; B

The finished part's homogeneity shall be better than or equal to 10 x 10-6; and the striae shall be grade
B or better when evaluated by the shadowgraph method.

EXAMPLE4  12/NH004 - F; SW15 x 12

An entire finished assembly's homogeneity shall be better than or equal to 4 x 10-6 when the focus
term is excluded; and the maximum wavefront deviation caused by striae shall not exceed 15 nm per
50 mm of path length in the 2 orthogonal directions that are identified on the drawing.
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Indications for “no requirement” or “default”

:2018(E)

If no specification for a kind of imperfection is needed, then enter a dash, “-”, in the specification field
after the indication code and “no requirement” shall apply.

If a default specification is desired for a kind of imperfection, then do not enter a specification or a
dash, “-”, in the specification field after the indication code. The default specification according to
[SO 10110-11 shall apply.

When a raw material specification is indicated, it shall be assumed that the quality for the same property

ne

d not be evaluated in the finished part or assembly. Therefore, when a raw material spec

fication is

ind
thd

9

9.1

If 1
ISC

If
diyj
thd

9.2

Th
ref
thd
of

10
If

explicitly in this document;-it is recommended that they be indicated in the raw material se

tal

11 Examplesof indications on drawings

11

icated and the same imperfection for the finished part or assembly is not redundantly.

Indications on drawings

Table field

abulating the indications, then the indication shall be entered in-a\table constructed ac
10110-1, with the following exception.

n indication refers to the raw material, rather than to the finished part, a thin horizonta
ide the column for the material specification. The uppersregion shall contain the specifig
finished part; the lower region shall contain the specifications for the raw material.

Drawing field

e indication shall be entered in the drawing figld of the drawing near the optical element {
ers. The indication shall be connected to the“element by a leader line that terminates in ar
surface or in a dot inside the cross section of the element (see ISO 10110-1), or for the sp
| finished assembly, indicate it near the optical axis.

Indications for other optical material tolerances

hdditional material tolerances listed in ISO 12123 are required which have not been

ular drawing), or in the material description part of the title block.

.1 Example 1: Raw material properties in the drawing region

Fig

ure 1 demonstrates the indication of a tolerance for homogeneity and striae in the ray

e

indicated,

n “no requirement” regarding that imperfection shall apply to the finished part or assemblly.

cording to

line shall
ations for

o which it
arrow on
bcification

described
'tion (on a

V' material

dF¥a o o o
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vratho bhicanoncg lare alapannt Tl +0 10N A0=—6 33 xzapmiatioey L A fho a3
UITI'CU UIIC UICUIIVUOUATIUITIO CICITIVIIL, UP LU 11UV pavy IIIvdlialtivir vrroirdciuivoe 1l

dex in the

raw material is allowed. Striae with wavefront OPD of up to 60 nm per 50 mm are allowed in the raw
material.
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02/NH100;SW60

N X N\ N\

Figure

11.2 Example 2: Finished part bubble specification

Figure 2 ¢
permitted

grades gr¢

Fi

11.3 Example 3: Finished part, all three properties

Figure 3

birefringe|
may be as
by striae §

XX X N ©

1 — Homogeneity and striae specified for raw material used to make a finished lens
element

emonstrates the indication of a bubble specification. Up to threebubbles of grade 0,16
in the finished element. The maximum permitted cross sectiénal area of all bubbles W
ater than 0,026 (0,16 x 0,16 = 0,026) and less than or equal te 0,16 is 3 x 0,162 = 0,077 mm

1/3 % 0,16

gure 2 — Bubbles and-inclusions specified for a finished biconvex lens element

demonstrates—the indication of all three bulk tolerances for the finished part. Str
nce maybe'as high as 12 nm/cm; up to three bubbles of grade 0,16 are allowed; homogeng
poor as40 x 10-6 after subtraction of the focus term; and maximum wavefront OPD cau
hall beless than or equal to 30 nm/50 mm.

hre
ith
2-

ESS
ity
ed

10

0/12
1/3x 0,16
2/NH040-F; SW30

Figure 3 — All three bulk properties specified for a finished part
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11.4 Example 4: System example

1SO 10110-18:2018(E)

Figure 4 demonstrates a bubble tolerance for a system after assembly. Up to three bubbles of grade 0,16
are allowed for the entire cemented doublet. It is to be inspected for bubbles as if it were one piece of glass.

11/3 x 0,16

11,5 Example 5: Tabulation example

Figure 4 — Bubble specification for a system

N N N N XX X X NN

Figure 5 demonstrates a tabulated drawing in which a bicdnyex element is specified diredtly with a
bupble tolerance of up to three bubbles of grade 0,16.

The stress birefringence, homogeneity, and striae specifications are referenced to the raw material and
us¢ values for standard grades as published in [SO,12123.

Va
a
a
Va
a
Va
Va
a
a

Left Surface

Material

Right Surface

1/3x 0,16

00/12
02/NH040-F; SW30

Figure 5 — Location for a raw material indication when tabulating specifications
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Annex A
(informative)

Stress optical constant and stress birefringence

For stressed materials, the optical path difference (OPD) As between orthogonal polarizations
of transmfitted gt over the thickness of the sampie IS a measure of birefringence. It 15 given in
nanometrgs by

As=alo-K

where

—n

a the optical path length;

o i$ the stress;
K  is$ the material-specific stress optical constant (the value of Kds material-specific).

To calculdte OPD in nanometres when the optical path length through the material is expressed in
centimetrgs, the stress should be expressed in MPa, and the stressioptical constant should be expressed
in 10-7 MRa-1.
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Annex B
(informative)

Guidance for stress birefringence in optical glass

B.W' icati
Talple B.1 represents common values for stress birefringence that have been successfully used for

finjshed parts in several applications during the past 100 years. See Table B.1.

Table B.1 — Examples of stress birefringence tolerances in some common applications

Maximum permissible stress birefringence A o
. . Representative applications
(OPD in nm/cm of material path)
2 polarization instruments, interference ins§ruments
5 precision optics, astronomical optids
10 photography, microscopy
20 magnifying glasses, view finders
without requirement illuminators

B.2 Guidance for the selection of raw glass

B.2.1 Introduction

Selection of raw optical glass for lenseS can often be based upon the size of the finished part| Table B.2
givles some guidance based upon the gxperience of the past 100 years.

Table B.2 — Approximate dimensions for small, medium, and large lenses

Diameter Thickness
mm mm
Large >50 >10
Medium >10 and <50 >5and <10
Small <10 <5
B.2.2 . Large lenses
Fordargelensesmade-out-offine-annealed-strip-or-blockglassthat has beenindividualyinspected, if

the raw material blank is much thicker than the element, then stress birefringence in the raw material
may be twice as high as that specified for the element.

B.2.3 Medium lenses

Usually, the fine annealed optical glass default is sufficient for medium-sized lenses. A special
specification is needed only for very critical requirements.

© ISO 2018 - All rights reserved 13
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B.2.4 Small, thin lenses

Usually, the coarse annealed optical glass default is sufficient for small thin lenses. Due to the small
thickness of the element no significant stress birefringence will evolve in a standard precise pressing
process.

14 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=0a727b819674f21533c42c852283485f

1SO 10110-18:2018(E)

Annex C
(informative)

Guidance for bubble grades in optical glass

C.IAccumutation chart withrtraditiomat- bubblegrades

The specification for bubble grade defines the maximum size of allowable bubbles. It.also defines the
mgximum number of these bubbles. However, larger numbers of smaller bubbles are-allewed ps defined
in fhe accumulation rule for bubbles (see 6.4). Table C.1 provides a quick refereriee’to the humber of
smpller bubbles allowed by a given specification N x A.

Table C.1 — Example accumulation for bubbles

Specified grade | Multiplication factor for number o6f-smaller grades
(4) 2,5 6,3 16
0,0062
0,010a 0,0062
0,0162 0,010a 0,0062
0,025a 0,0162 0,010a 0,0062
0,040 0,025a 0,016a 0,010a
0,063 0,040 0,025a 0,016a
0,10 0,063 0,040 0,025a
0,16 0,10 0,063 0,040
0,25 0,16 0,10 0,063
0,40 0,25 0,16 0,10
0,63 0,40 0,25 0,16
1,0 0,63 0,40 0,25
16 1,0 0,64 0,40
2,5 1,6 1,0 0,63
4,0 2,5 1,6 1,0
a4~ Grades that are not typically considered by optical glass manufacturers when
assessing the bubble quality of raw optical glass.

Us¢ Table-C.1 by finding the grade number A in the indicated specification (Specified grqde “A”) in
Colummn+1. The three smaller grades included in the accumulation appear in the same row to tHe right. To
caleulate the number of allowable bubbles of 3 smaller grade — if all of the bubbles presentbelong to that

smaller grade — multiply the number, N, in the indication by the corresponding “multiplication factor for
smaller grades” at the top of the smaller grade’s column, and round down to the nearest whole number.

For example, consider the case in which the specification is 1/3 x 0,40:

1) ifonly grade 0,40 bubbles appear, then as many as 3 are permissible;

2) if only grade 0,25 bubbles appear, then as many as 7 are permissible;

3) ifonly grade 0,16 bubbles appear, then as many as 18 are permissible; and

4) if only grade 0,10 bubbles appear, then as many as 48 are permissible.

© IS0 2018 - All rights reserved 15
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C.2 Values for typical applications

C.2.1 Introduction

The standard bubble grades follow a sequence known as a Renard R5 sequence. Each equivalent size
is 1,6 times larger or smaller than its neighbour. Such a sequence divides a factor of 10 into 5 equal
logarithmic parts.

Since a bubble’s tendency to scatter light is approximately proportional to its cross sectional area, which
is the square of its equivalent size, a bubble in one grade scatters about 2,5 times more or less light than
a bubble irameighbourimg grade:

For opticdl glass, melting and refining processes are optimized for smallest possible number@nd dize
of bubbled. Today, there are hardly any bubbles with size <0,03 mm in any glass. Most small, thin lenges
are free ffom bubbles. Unavoidably, some small bubbles will usually appear in large elemeénts. If the
element i near an image plane, these bubbles may become visible. Otherwise, they simply scatter tiny
amounts (f light.

C.2.2 Tqlerances for typical applications

Historical[precedent during the past 100 years, see Table C.2.

Table C.2 — Typical bubble tolerances for some common applications

Bubble specification Representative applications
1/0 small lenses in digital cameras and mobile phone cameras
1/1]x 0,16 medium-sized lensfor precision optics
1/3[x 0,16 medium-sized léns for photographic optics
1/4|x 0,25 large lens fox'photographic optics
without requirement illuminatien optics

C.3 Guidance for the selection of' raw glass

C.3.1 Inftroduction

Modern njanufacturing techniques lead to the following guideline (see Table C.3) with regard to the
final size ¢f a lens.

Table C.3<~Approximate dimensions for small, medium, and large lenses

Diameter Thickness

mm mm

Large >50 >10
ML 1 4.0 1 O | 1 4.0
IVITUIUIIT ~1U dIIU SOU -0 dllU S 1U

Small <10 <5

C.3.2 Largelenses

Fine annealed strip or block glass will be inspected individually. The position of the element in the raw
glass form will be optimized for minimum bubble content.

C.3.3 Medium lenses

Usually, the optical glass default is sufficient. Special specification is needed only for critical
requirements.

16 © ISO 2018 - All rights reserved
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C.3.4 Small, thin lenses

Usually, the optical glass default is sufficient.

1SO 10110-18:2018(E)
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Annex D
(informative)

Guidance for homogeneity in optical glass

D.1 Introduction

Homogengity strongly depends on the size of the glass item. In small thin lenses made from state®of-t
art optical glass, homogeneity is expected to be far better than needed. With increasing size (mediy
sized lensgs) residual variations begin to sum up but are mostly still beneath a level critical.for comny
applicatiops. Large elements with long light paths intended for precision optics may bécome subjec
individual specification requirements, especially when they are so large that theirisurfaces appro
the natural cast surfaces of the raw glass form to within less than about 10 mm. The definition
homogendity as the maximum variation (peak-to-valley, p-v) value is the most/stringent way to speq
homogendity. It is more stringent than usually needed. The focus term of wavefront distortion normsg
forms a significant part of p-v. Generally, it can be easily corrected in practice'and thus may be neglec
in the spetification for many, but not all cases. Omitting this term explijcitly from a p-v specification
be decisivg for the successful deliverability of raw glass.

If it is negessary to specify the optical homogeneity of an element it is highly recommended not
transfer the element specification to the total raw glass form as@-whole but to the diameter or maxim
edge length of the element.

D.2 Change in homogeneity class notationfrom ISO 10110-4

The homogeneity classes defined in ISO 10110-4 have not changed; however, the notation and the st
of explandtion has changed under the premise of full equivalence. Plus-minus (*) terminology was u

in ISO 101{10-4, but peak-to-valley terminology is used in this document and in [SO 12123. See Table D.1.

Table D.1 — Conversion from ISO 10110-4 notation for homogeneity

m_
on

to
hich

of
ify
lly
fed
an

to
1 m

yle
ed

ISO 10110-4 ISO 10110-18 and ISO 12123
Grade Homogeneity toler- Grade Homogeneity toler-
ance limits ance limits (peak-to-
(* method) valley)
0 +50 x 10-6 NH100 100 x 10-6
1 +20x 10-6 NH040 40 x 10-6
2 +5x 10-6 NHO010 10 x 10-6
3 +2 x 106 NH004 4 x10-6
4 +1x10-6 NH002 2x10-6
5 +0,5 x 10-6 NHO001 1x10-6

D.3 Values for typical applications

See Table D.2.
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