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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
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan

the technical committees are circulated to the member bodies for voting."Publication
Standard requires approval by at least 75 % of the member bodies casting-a vote.
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edition cancels and replaces the first edition (1SO.@4997:2003), which has undergone
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Introduction

This International Standard was developed in response to worldwide demand for test methods for surface
imperfections that are objective and permit fast assessment of component quality. Existing standards have
been assessed (see Reference [9]) and found to be too variable in use to satisfy the current requirements of
industry. Surface imperfections, such as digs and scratches, arise from localized damage during or after

mant

facture They can be visible as a result of the light they scatter giving rise to a false impre

ssion of poor

qualif
can |
stres

Since
found
purpd
unac
acce
custdg
meth

The

y. Alternatively, this light can appear as unwanted veiling glare (stray radiation) in an imag
pad to a degradation in signal quality at an image sensor. Imperfections can also provig
5, eventually leading to failure of components exposed to high laser radiation power/énergy ¢

modern methods of surface examination are capable of atomic resolution, Mo-surface i
totally free of localized imperfections. Most surfaces produced are satisfactory for th
se, but a small proportion can have suffered obvious damage and with be reworked or
Ceptable. This can leave some components which, although slightly-"damaged, may s
ptable, when tested, depending on the level of acceptability of surface imperfections requ
mer and specified on drawings in 1ISO 10110-7. This International Standard describe
bds are implemented.

pbscuration of imperfections larger than 10 um can be<judged visually by comparison ¢

artefacts of known size on a comparison plate. The obscuration*caused by imperfections equal t¢

10 pn
meas
radio
meas

n across and yet still visible under dark-field illumination either is too small for a
urement or may transmit as well as scatter radiation; These need to be quantified by compa
Mmetric obscuration with totally absorbing artefacts of known size. Every imperfection
ured and considered for summation to produce<a level of grade for each surface.

e plane, or it
e centres of
ensities.

5 likely to be
eir intended
regarded as
till be found
ested by the
5 how these

f areas with
or less than
ccurate area
rison of their
detected is

It should be noted that other light scattering défects, which also need to be measured, can arise as digs

distri
mate
of radg

puted over the surface of an incompletely polished surface, and as bubbles and as striae wit
rial. The measurement of laser damage thresholds also requires sensitive means for quantif
iation scattered by damage in its early stages.

nin an optical
ying the level
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INTERNATIONAL STANDARD

ISO 14997:2011(E)

Optics and photonics — Test methods for surface
imperfections of optical elements

1 3

This
meth
by th

The
comg
deter

Scope

nternational Standard establishes the physical principles and practical means for the implg
bds for measuring surface imperfections. This method evaluates the surface area\obscure
b imperfections.

method is suitable for prototype, small-scale or large-scale production,of a wide varie
onents. Imperfection appearance or functional tolerances related ta”a—particular compo
mined by agreement between supplier and customer.

2

The following referenced documents are indispensable forthe application of this documen

refer
docu

ISO 1
Surfq

ISO

3

For
follow

3.1
fully-
impe

3.2

11145, Optics and photonics — Lasers-and laser-related equipment — Vocabulary and symh

Terms and definitions

ormative references
nces, only the edition cited applies. For undated.‘references, the latest edition of th
ment (including any amendments) applies.

0110-7, Optics and photonics — Preparatien*of drawings for optical elements and systel
ce imperfection tolerances

ne purposes of this document, the terms and definitions given in ISO 10110-7 and 1SO 11
ing apply.

developediimperfection
fection which scatters all radiation incident upon it

partially*developed imperfection

mentation of
d or affected

ty of optical
nent can be

t. For dated
b referenced

ns — Part 7:

ols

145 and the

imperfection which transmits as well as scatters radiation incident upon it

3.3

line-equivalent width

LEW

width of a fully-developed scratch or absorbing line which obscures the same amount of radiation as a
partially-developed scratch

NOTE The LEW of a fully-developed scratch equals its geometrical width.

©I1SO
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3.4

spot-equivalent diameter

SED

diameter of a fully-developed dig or absorbing spot which obscures the same amount of radiation as a
partially-developed dig

NOTE
its area.

3.5

imperfection threshold

The SED of a fully-developed dig equals its geometrical diameter, but its grade number is the square root of

total magnitude of imperfections on a surface quoted as a numerical term above which the component may be
rejected for g particular application

3.6

bright-field {imperfection contrast

ratio of the dlifference between the background maximum and minimum intensities across-an imperfection
image to the[sum of these values

NOTE This value depends on whether the imperfection is viewed in transmission or reflection and on whethgr it is
viewed directly or through the component.

3.7

obscurationcomparison

process of measuring the severity of an imperfection by comparing‘its peak contrast under brighj-field
conditions with that of an obscuring artefact of known size

3.8

visual contrpst threshold

smallest ratiq of the brightness of an object to its background;which can be seen by a particular observer

4 Physiqal principles

Precise metrology of small surface imperfections, which may be clearly visible under dark-field illuminption,
has proved [to be very difficult (see Reference [9]) under workshop conditions. The parametric method
described in|Clause 5 overcomes this pfoblem by equating imperfection severity with the obscuration ¢f the
incident beam in comparison with an @bsorbing artefact of known size. The obscuration of each imperfection
of doubtful sgverity identified during inspection is measured separately. A dig is usually fully developed and is
quantified byl measuring its encircled diameter and then calculating its area and grade number in accordance
with ISO 10110-7. Preferred values for grade numbers are given in Annex E. The length and width| of a
scratch with [dimensions gréater than 10 ym are measured with the aid of a comparison plate or low gower
measuring nicroscope. Scfatches equal to or less than 10 ym in width are measured from their LEW valyes. If
different valdes are found for actual width and LEW or the actual diameter of a dig and its SED, for these two
approaches the smatler number which allows for transmission of a partially-developed imperfection shall be
used when chlculating the grade number.

NOTE Cheice-ef-the-smallervatue-is-likehy-tereduce-over-specification-and-Head-to-irereased-yields-ane-Hower-ebsts.

5 Measurement of obscured or affected area

5.1 General

Optical components shall first be cleaned and inspected, preferably in low angle scattered light by strong side-
illumination under dark-field conditions, to select the usually small proportion of doubtful components with
imperfections which require measurement. A typical arrangement for the routine inspection of optical elements
for imperfections seen in transmission is shown in Annex A. A mirror can be inspected by placing it close to
the back wall of the box and tilted so as to avoid reflected light entering the eye.

© 1S0O 2011 — All rights reserved
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The affected areas of imperfections with dimensions greater than 10 ym on transmitting or reflecting
substrates can be determined with the aid of a scale comparison plate, such as that described in Annex B. A
simple magnifier or low power microscope may be used for this purpose.

For imperfections equal to or smaller than 10 ym, Figure 1 a) shows a schematic arrangement illustrating the
simplest configuration required for the measurement of LEW and SED when viewing in transmission. Light
from a distant source on the left illuminates the component. A comparison plate is placed close to the
component so that the eye can form a match between the contrast of the imperfection under bright-field
conditions and that of a line of known width on the plate or a spot of known diameter when quantifying a dig.

In the event that there is no specification for long imperfections, all scratches are measured and accumulated

b area aath AN Aral A A rEA AR AN o
y oVt g ar e Cuors:

Impeffections on a reflecting substrate shall be viewed through a beam splitter to provide normally incident
illumipation of the mirror. The same comparison plate operating again in transmissjon lis us¢d as shown
schematically in Figure 1 b).

3 2

/

a) Viewing’in transmission

4 2

o °

o 1

b) Viewing in reflection
Key
1 source
2 comparison plate
3 test component
4 test mirror
5 beam splitter

Figure 1 — Schematic arrangement for measurement

© 1S0O 2011 — All rights reserved 3
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5.2 Requi

rements

The requirements for the measurement of LEW and SED for imperfections of size equal to or less than 10 ym
are summarized below.

a)

under the same conditions.

b)

c)

The illumination shall be substantially parallel and avoid speckle in the image plane.

The imperfection on the component under test and the comparator plate shall be illuminated and imaged

The imaging system shall have a low numerical aperture, typically 0,01, chosen to remove fine structure

from th
of the im
d) Theima
A variety of
preferred arr

microscope i
value shall b

The length ¢

physical edd
microscope.

5.3 Calibr

fmperfectionm inmage, buttofeave sufficent Tadiatiornmtoemable tomparisom of thepeakTton
perfection and artefact images.

pe may be viewed directly, but remote viewing by television is preferred.
different designs of image comparator may be used to fulfil the above requirements, by

mage comparator described in Annex C. If the LEW of a scratch varies along its length, its
b taken when calculating its grade number.

f scratches required to calculate their grade number and the extent of edge chips fror
e of the surface should be measured with the aid of the comparison plate or by low f

ation

The measur¢gment of LEW and SED requires the use of a reference dig and scratch calibration plate

may be of th
in transmissi
using the mi
the same siz

bn, this shall have opaque lines and spots on-a transparent substrate. Testing in reflection,
roscope image comparator, requires the*negative of this plate with transparent slits and sp
e on a reflecting substrate. The uncertainty of measurement of these artefacts shall be 5 %

measured dimension.

5.4 Proceddure

The precise
depending o
existing prac

5.5 Testn

If a test rep
component t

N past experience and eustomer needs. The approach described in Annex D is based large
ice.

eport

brt is_requested on the drawing, the following information shall be provided for each fa
bsted.

rasts

t the

angement with a precision and sensitivity which exceeds that possible with\unaided vision is a

peak

n the
ower

vhich

p form of that described in Annex B, extended. {e’sub-micrometre values, if required. When testing

when
pts of
Df the

procedure for optical .component inspection and measurement will vary between companies,

ly on

ce of

a) General
1)
2)
3)
4)
4

mnrormation.

name and address of workshop;
name of the inspector;
date of the measurement;

International Standard and/or test specification numbers.

© 1S0O 2011 — All rights reserved
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b) Sample information:

1)
2)
3)
4)
5)
6)

component drawing number;

specifications relating to storage, cleaning and production date;
transmitting/reflecting component;

component diameter;

description of orientation and face marking;

operational mode: conformity/quality grade.

c) Test specification:

P
)
$)

TNEY

z|.)

description of test equipment;

flratio of imaging lens or state if the unaided eye is used for assessment;

number of imperfections of maximum size allowed and their grade numbers for genera
types of imperfection;

maximum allowable extent of a chip from the physical edge of the'surface.

d) Results:

P

P

)
%)
)

I)
9)

map showing positions and description of all types ofiimperfections in relation to the fg
and their orientation within the effective aperture;

the number and SED values of digs above the<minimum grade and the number and su
coating blemishes;

the number, the length and the LEW values of scratches less than 2 mm long, with
above the minimum grade;

the number, the length and the LEW values of scratches greater than 2 mm long, with
above the minimum grade;

the grade number of edgé&chips;

the total number of imperfections;

the effective surface area obscured by imperfections;
assessment.of imperfection concentrations;

uncertainty of measurement of effective surface area;

10) degision taken.

and specific

ce examined

rface area of

LEW values

LEW values

© 1S0O 2011 — All rights reserved
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Annex A
(informative)

Component inspection

Figure A.1 gives the typical arrangement for the component inspection for the test method.
1 .
)
3

.

Key

1 twin fluorgscent tubes
2 matt blacH finish

3 magnifier

4  component under test
5 viewing pgsition

a8 Rotation gnd displacement of component.

Figure A.1 — Typical arrangement for the routine inspection of optical elements
for imperfections seen i transmission

© 1S0O 2011 — All rights reserved
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(informative)
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Recommended dimensions of artefacts on a scale comparison plate

Table B.1 gives recommended dimensions for circular and scratch-like artefacts, which may be used as a
means for size comparison during the inspection of optical elements.

For the size comparison of defects on transmissive surfaces, artefacts consisting of non-transmifting material

or glgss are useful.

For the size comparison of defects on reflection surfaces, non-reflecting artefacts ©On-a surface which is
otherwise reflecting may be useful.

In both cases, it is recommended that the scale comparison plates be made by.depositing chronpe onto glass

by eVaporation.

Larger or smaller artefacts may also be useful for certain applications.

Table B.1 — Recommended dimensions of artefacts for size comparison

Diameter of'circular “defect” Dimension of |'scratch”
Pllate number Grade number
um pm x ym
Plate No. 1 0,004 4,5 1x 14
0,006 7 1,6 x 25
0,010 11 2,5 x40
0,016 18 4,0x 63
0,025 28 6,3 x 100
0,040 45 10 x 160
Plate No. 2 0,040 45 10 x 160
0,060 70 16 x 225
0,100 110 25 x 4Q0
0,160 180 40 x 630
0,250 280 63 x 1 (o0
0,400 450 100 x 1 600

© 1S0O 2011 — All rights reserved
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Des

C.1 Princi

Annex C
(informative)

cription of the instrument used for measuring imperfections
below 0,01 mm: microscope image comparator

pteof operation

When an imperfection is fully developed with dimensions larger than 0,01 mm, its area of obscuration can be

obtained fro
comparison

Since a high

cannot be difectly related to their obscuration of light. It is, however, possible to quantify the obscuration

imperfection
conditions, W
beam by an

artefact of kn
lens is used

make the mg¢asurement of imperfection severity is in the form of a comparator, the following descriptio

be regarded
support of a

C.2 Schemnatic representation of a comparator

Figure C.1 s
and SED v3
Isolated defs
achieved by

Light from a
through the
polarizing beg
before falling
substrate. TH
onto the TV

m its measured surface dimensions using a microscope with a micrometer eyepiece
vith a graticule having lines of varying width and spots of varying diameter.

proportion of naturally occurring small imperfections transmit as well as scatter, their dimen
by comparing the peak contrast of its image, formed by a small aperture lens under brigh
mperfection, by the process of scatter, is equated to the amountf light removed by an absg
to image both the imperfection and the comparison artefact. Since the instrument requin

as informative. A more detailed description of a microseope image comparator, its operat
standard and currently used thresholds for imperfections are reviewed in Reference [10].

hows a schematic representation of agmicroscope image comparator capable of measuring

cts within material can also be measured to a precision significantly better than can usua
Bye.

tungsten lamp, S, is foeused by the condenser lens, L4, onto the pinhole, P. After pag
bolarizer, Z4, the light from P, which is at the focus of L,, passes as a parallel beam int

br by

sions
of an
-field

ith that of an opaque line or spot of known size. In this way, the amount of light removed flom a

rbing

own dimensions. Here, only the direct or undiffracted light is collected and the same low apgrture

ed to
N can
on in

LEW

lues of most imperfections likelyctovbe met in practice on transmitting or reflecting surfaces.

ly be

sage
p the

amsplitter, B. The_beam passing straight through B is transmitted by the quarterwave platg
at normal incidernce on to the plate, R, which carries a transparent reference slit in a refl

) Q1 )
cting

e light reflected\by R can now be imaged, after a return passage through Q and B by leps L

camera aftetransmission by the analyser, Z,, and by the spatial frequency filter, F, placed |n the

back focal pl
remove the

ane of Lgy, This spatial frequency filter takes the form of a pinhole of diameter sufficiently small to
ine structure from the image. The parallel beam from L, reflected by B into the test chanpel is

transmitted Ry the quarterwave plate, Q,, and illuminates the test specimen, T, at normal incidence. As |n the

;

reference chanfel, the light reflected by T can now also be imaged, after a return passage through Q,

dB,

by L onto the TV camera. The plates Q; and Q, are rotated in turn in a setting-up operation to maximize the
intensity of the beams from T and R on the TV camera. As the light falling on T and R is circularly polarized
and at normal incidence, the amount of light reflected is found to be independent of the rotation of the

imperfection.

© 1S0O 2011 — All rights reserved
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C3

A sciatch on T and a slit on R are positioned so that their images are both in focus side-by-sid

and t
they
beani
the te
anglg
Refe
impe
imag
repla
be c3
effec

When “the imperfection is on a transmitting substrate or appears as a bubble within the

ISO 14997:2011(E)

TV
— | —F
—_ 22
- L
S P L, ° Q R
—— A\
L, Z, B
Q|
T I~

e
-

T
\ .
R

Figure C.1 — Microscope image comparator

Method of operation

hen the contrast of their images,-sééen as dark lines in a bright field, will be related to the ar
nave removed from their illumination beams. The instrument is used by spinning Z, so as to
s alternately to the TV and adjusting the angular setting of Z, to reduce the flicker of the b
st and reference images\to zero. The polarizer, Z,, can now be brought to rest and careful
to the setting @ where "the test and reference images are of equal contrast. It can be
ence [9]) that tan2@is then equal to the ratio of the amounts of light removed by the test a
[fections. Since, fof/convenience, the reference imperfection is chosen to be sufficiently wide
e of maximurmor/unit contrast, this value is a measure of the visibility of the imperfection u
Cing T with @»calibration plate having lines of known width and spots of known diameter, the
librated.in LEW and SED values. The instrument is then ready to quantify any imperfection i
ive obscuration.

e on the TV,
nount of light
expose both
hckground of
y adjusted in
shown (see
nd reference
to create an
nder test. By
scale @ can
h terms of its

material, the

illuminating beam has to be returned by some form of retroreflector, such as a beaded screen as shown in the
three unit assembly which replaces T and Q,, see bottom right corner of Figure C.1. In this case, the plate Q'y

is pla

ced between the component T', shown as a lens and the retroreflector, R'.

It should be noted that the severity of an imperfection seen in externally reflected light will usually be greater
than when viewed in transmission, due to an effective increase of the wavefront depth profile. In transmitting
mode, the instrument is calibrated with a plate having opaque lines on a transmitting substrate and, in
reflecting mode, the plate carries transmitting slits on a reflecting substrate.

©I1SO
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The following design values have been found to be convenient but, because the instrument is only used as a
comparator, tolerances are generous and not given:

— Focal length of L, = 25 mm Diameter of P = 1 mm
— Diameter of F = 1 mm Focal lengthof L, = 50 mm
— Focal length of L, = 50 mm Total magnification = 50

For rapld routlne mspectron some organrzatrons use scratch plates covering the range of |mperfect|ons of
ections

they carry b means of the microscope image comparator WhICh in turn has been callbrated by the Use of
e MIL
Standards efnployed in the USA, their contrast under bright-field viewing, their LEW values and, the equiyalent
angular setting of the analyser. The spread in analyser settings reflects variability in standard scratche$ and
setting errorg.

Table C.1 — Relationship between contrast and LEW of MIL standards
and equivalent angular setting of the analyser

LEW Analyser setting
MIL standard Contrast
um degrees (°)
10 0,05 0,25 10—12
20 0,10 0,63 17 — 19
40 0,20 1,60 24 — 26
60 0,40 4,00 31—33

It should bg noted that, as the instrument doubles as a low power microscope, the dimensiops of
fully-developpd imperfections and edge chips .can also be measured. Measurement of imperfections on
steeply curved mirrors require the use of a power)compensating lens placed close to the sample under tefst.

10 © 1SO 2011 — All rights reserved
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Annex D
(informative)

Imperfection quality control

A typical sequence of events for imperfection quality control is shown in Figure D.1. A conventional side
illumination dark-field inspection box, as shown in Figure A.1, can be used at level 2 to decide if an item from
component production at level 1 is clearly “accept” or “reject”, in which case it passes directly to level 8, or if it

is do
of all
drawi
allow]
squa

This
long
and |
scrat
its m

The

calcu
whiclk
meas
com
Anne
obsc

artefacts of known size with the aid of a microseope image comparator as described in Annex C.

At le
othen
for re
the tq
as arj

Leve
perm

Inspe

Lbtful, in which case it passes to level 3. All imperfections of interest will be seen at level,2.
imperfections will be known at level 3 and the observer, with the aid of information"pro
ng, will know the classification of imperfections specified. The drawing indication forthe n
ed general surface imperfections of maximum permitted grade 4 is 5/N x 4, where 4 is
e root of the effective surface area of a single maximum allowed imperfection, expressed in

ndication can be subdivided, if desired, into permissible levels of imperections classified
scratches (longer than 2 mm) and edge chips bearing the prefixes CyL-and E. The numb
bng scratch imperfections of maximum permitted grade 4” and 4” are\indicated as N” and
ches, A” refers to the maximum allowed width of a scratch, in mm,(whilst the grade 4" for

bximum allowable extent of any number of chips from the edge-efithe polished surface, in mi

equired dimensions of every imperfection are now to bexmeasured at level 4 and their gr
lated. This involves measuring the widths and/or lengths.of a variety of different imperfecti

could be sub-micrometre in size. Experience has shewn that dimensions greater than 0,0
ured using a magnifier or low power microscope*in which the size of an image of the in
ared with that of lines and dots of known dimensions on a comparator plate. Such a plate is
X B. Imperfections below 0,01 mm may not be‘well resolved by an optical microscope and
iration these cause can best be measured-by comparing the amount of light they remove w

el 5, imperfections with grades lessythan 0,164 and 0,34” can be ignored, unless the draw
wise and, if there are no others, ‘the component can be accepted. Clusters of imperfections

tal number of allowed imperfections is less than 10, then 2 or more within a 5 % area wou
unacceptable cluster.

7 provides the last\opportunity to reclaim a component, provided the measured grade is

ction, as.indicated in Figure D.1, may be carried out along one of three routes specified in

for s
from

|

rfaceimperfections (and coating blemishes, long scratches and/or edge chips, if given) a
hem.by a semicolon, as follows.

The location
vided on the
umber, N, of
equal to the
mm.

as coatings,
er of coating
N”. For long
bdge chips is
n.

hde numbers
bns, some of
I mm can be
perfection is
described in
so the beam
th absorbing

ing specifies
are a cause

jection at level 6 when moresthan 20 % of the allowed number is found in any 5 % of the {est region. If

d be defined

ess than the

ssible value quoted on the drawing. Even if rejected, a proportion of components may, at level 8, be
returped for reworKing:

he indication
nd separated

Route 1, typically for mass-produced optics, stops at level 2.

imperfections with lines and dots of known dimensions.

employs objective measurement of imperfections, as described in Annex C.

NOTE

the solution of disputes.

©I1SO

2011 — All rights reserved

Route 2, typically for precision visual optics, at the top of level 4 employs subjective comparison of

Route 3, typically for precision optics including lasers and/or optical sensors at the lower part of level 4,

Route 3 achieves the highest measurement accuracy, for example, where system performance is critical or for
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