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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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oduction

This International Standard was developed in response to worldwide demand for test methods for surface
imperfections which are objective and permit fast assessment of component quality. Existing standards have
been assessed [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 manufacture. They

may

he visible as a result of the light they scatter, giving rise to a false impression of poor quality

Alternatively,

this |
degra
leadi

Since
found
purpd
unac
acce
spec
Interr

In M4

ght may appear as unwanted veiling glare (stray radiation) in an image plane, or ittm
dation in signal quality at an image sensor. Imperfections can also provide centres of-stres
ng to failure of components exposed to high laser radiation power/energy densities.

modern methods of surface examination are capable of atomic resolution, Wo-surface i

totally free of localized imperfections. Most surfaces produced are satisfactory for th
se, but a small proportion may have suffered obvious damage and shall be reworked or|
ceptable. This can leave some components which, although slightly damaged, may, when t
ptable depending on the level of acceptability of surface imperfections requested by the @
fied on drawings in accordance with either of the two methods specified in ISO 1
ational Standard describes how these methods are implemented

thod |, the obscuration of imperfections larger than 10 umyean be judged visually by compar

with artefacts of known size on a comparison plate. The obseuration caused by imperfections eq

than

meas
radio
meas

10 ym across and yet still visible under dark-field dllumination is either 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.

In Mgthod Il, all imperfections, independently of their width, length or number or whether on or

surfa
impe

ces of a component, are observed( simultaneously and the component is quickly rej
[fection exceeds a pre-set level of yisibility under controlled conditions of illumination and vie

It shguld be noted that other light\scattering defects, which also need to be measured, can

distri
mate
of raq
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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.
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INTERNATIONAL STANDARD

ISO 14997:2003(E)

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

1 3

This
two
the s

Both
com
deter

Scope

nternational Standard establishes the physical principles and practical means for the implg
nethods, specified in ISO 10110-7, for measuring surface imperfections. These-methods 3
iIrface area obscured or affected by the defects, and, Method II, the visibility of the-imperfect

methods are suitable for prototype, small scale or large scale production of a wide vari
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
syst¢g

ISO 1
symh

3

For t
follow

31
fully-
impe

3.2

10110-7:1996, Optics and optical instruments — Preparation of drawings for optical €

Terms and definitions

ormative references

nces, only the edition cited applies. For undated\‘references, the latest edition of th
ment (including any amendments) applies.
ims — Part 7: Surface imperfection toleranceés

1145:2001, Optics and optical instrtiments — Lasers and laser-related equipment — Vo
ols

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

developed imperfection
fection which scatters all radiation incident upon it

mentation of
re: Method I,
ons.

pty of optical
nent can be

t. For dated
b referenced

ements and

cabulary and

145 and the

partially-developed imperfection
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.

© IS0

2003 — All rights reserved
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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 The SED of a fully-developed dig equals its geometrical diameter, but its grade number is the square root of
its area.

35

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

NOTE TRis value applies to Method .

3.6
bright-field {imperfection contrast
ratio of the difference 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 orreflection and on whethgr it is
viewed directly or through the component; it applies to Method I.

3.7
obscurationcomparison
process of measuring the severity of an imperfection by compating its peak contrast under brighj-field
conditions with that of an obscuring artefact of known size

NOTE This value applies to Method I.
3.8

visual contrpst threshold
smallest ratig of the brightness of an object to its.background which can be seen by a particular observer

4 Physiqgal principles

Precise metriology of small surface imperfections, which may be clearly visible under dark-field illuminption,
has proved fo be very difficult (9] under workshop conditions. The parametric methods described Eelow

overcome thfs problem by eqaafing imperfection severity with either the obscuration of the incident beam in
comparison \ith an absorbifg)artefact of known size or its visibility employing a calibrated observer eye finder
controlled conditions of illumination and viewing.

In Method I, the obscuration of each imperfection of doubtful severity identified during inspection is meagured
separately. A dig is~usually fully developed and is quantified by measuring its encircled diameter and| then
calculating it area and grade number in accordance with ISO 10110-7. The length and width of a scratc with
dimensions §
microscope. Scratches equal to or Iess than 10 Mm in W|dth are measured from thelr LEW values If d|fferent
values are found for actual width and LEW or the actual diameter of a dig and its SED, for these two
approaches the smaller number which allows for transmission of a partially-developed imperfection shall be
used when calculating the grade number.

NOTE Choice of the smaller value is likely to reduce over-specification and lead to increased yields and lower costs.

Method Il depends on imperfection visibility as viewed by a calibrated eye under controlled conditions of
illumination and viewing. Since the contrast threshold of the eye decreases progressively with background
luminance, this parameter can be fixed for different observers by each one adjusting the background
luminance when viewing a standard defect under conditions of limiting detection. Any number of imperfections
below an acceptance level of severity are then rendered invisible for certain classes of component by the use
of particular levels of sample illumination. The component is rejected if any imperfection is visible.

2 © ISO 2003 — Al rights reserved
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The method chosen by the designer when specifying imperfection tolerances will be governed by the
application and the need for objective measurement of all imperfections (Method I) or the desire for a fast
overall assessment of component quality (Method Il). Due to radiometric differences between the two methods,

the quality assessments to which they give rise cannot be compared.

5 Method I: Measurement of obscured or affected area

the b

The

subsf{rates can be determined with the aid of a scale comparison plate, such as that described i

simp

For iperfections equal to or smaller than 10 um, Figure 1a shows a schematic arrangement il

simp
from

comg
cond

Impe
illumi

schematically in Figure 1b).

5.2

The requirements for the measurement\of LEW and SED for imperfections of size equal to or les

are s

a) T

b) T

c) T
q

d) T

under the same conditions.

perfections seen in transmission is shown in Annex A. A mirror can be inspected by placi
hck wall of the box and tilted so as to avoid reflected light entering the eye.

affected areas of imperfections with dimensions greater than 10 um en/transmitting

e magnifier or low power microscope may be used for this purpose.

est configuration required for the measurement of LEW and, SED when viewing in transn
a distant source on the left illuminates the component. A ‘eomparison plate is placed

strong side-
ponents with
cal elements
ng it close to

or reflecting
h Annex B. A

ustrating the
hission. Light
close to the

onent so that the eye can form a match between the ¢ontrast of the imperfection under bright-field

tions and that of a line of known width on the plate or a §pot of known diameter when quanti

rfections on a reflecting substrate shall be viewed<through a beam splitter to provide norn

ying a dig.

nally incident

hation of the mirror. The same comparison plate operating again in transmission is used as shown

Requirements

immarized below.

he imperfection on the component under test and the comparator plate shall be illuminateg

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

he imaging.system shall have a low numerical aperture — typically 0,01 — chosen to

5 than 10 ym

and imaged

remove fine

tructure from the imperfection image, but to leave sufficient radiation to enable comparisop of the peak

ontrasts-of the imperfection and artefact images.

hé.image may be viewed directly, but remote viewing by television is preferred.

A variety of different designs of image comparator may be used to fulfil the above requirements, but the
preferred arrangement with a precision and sensitivity which exceeds that possible with unaided vision is a
microscope image comparator described in Annex C. If the LEW of a scratch varies along its length, its peak
value shall be taken when calculating its grade number.

The length of scratches required to calculate their grade number and the extent of edge chips from the

physical edge of the surface should be measured with the aid of the comparison plate or by low power
microscope.

© 1SO 2003 — Al rights reserved
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a) Viewing in transmission

b) Viewing in reflection

Key

1 source

2 comparisqn plate
3 testcomppnent
4 test mirro

5 beam splifter

Figure 1 — Schematic arrangement for Method | measurement

5.3 Calibration

The measurement of LEW and SED requires the use of a reference dig and scratch calibration plate which
may be of the form of that described in Annex B, extended to sub-micrometre values, if required. When testing
in transmission, this shall have opaque lines and spots on a transparent substrate. Testing in reflection, when
using the microscope image comparator, requires the negative of this plate with transparent slits and spots of
the same size on a reflecting substrate. The uncertainty of measurement of these artefacts shall be 5 % of the
measured dimension.

5.4 Procedure
The precise procedure for optical component inspection and measurement will vary between companies,

depending on past experience and customer needs. The approach described in Annex D is based largely on
existing practice.

4 © ISO 2003 — Al rights reserved
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5.5 Testreport

If a test report is requested on the drawing, the following

component tested.

a) General information:

1)
2)
3)

name and address of workshop;
name of the inspector;

date of the measurement;

information shall be provided for each face of

4

)

ISO document and/or test specification numbers.

b) $ample information:

P
2)
$)
4)

iR

)
%)

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:

and specific

ce examined

rface area of

LEW values

LEW values

1) description of test equipment;
2) f/ratio of imaging lens or state if unaided eye is used for assessment;
3) number of imperfections of maximum size allowed and their grade numbers for genera
types of imperfection;
4) maximum allowable extentwof a chip from the physical edge of the surface.
d) [Results:
) map showing pasitions and description of all types of imperfections in relation to the fa
and their orientation within the effective aperture;
2) the numbersand SED values of digs above the minimum grade and the number and su
coatingblemishes;
3) the<number, the length and the LEW values of scratches less than 2 mm long, with
above the minimum grade;
) the numhnr’ the Inngfh and the LEW values of scratches grnnfnr than 2 mm Inng’ with
above the minimum grade;
5) the grade number of edge chips;
6) the total number of imperfections;
7) the effective surface area obscured by imperfections;
8) assessment of imperfection concentrations;
9) uncertainty of measurement of effective surface area;

10) decision taken.

© 1SO 2003 — Al rights reserved
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6 Method Il: Measurement of visibility

6.1 General

In this approach [11] [12], the processes of inspection and assessment are combined in one quality control

station described in Annex E for transmitting components and one for those which reflect light.

Any

imperfection which scatters light, whether it is on a surface or within the component material, with severity
above a pre-set level can be seen and lead to component rejection independently of any number of smaller
imperfections which cannot be seen under the chosen conditions. The method provides a fast overall

assessment of component quality.

The extent of edge chips from the physical edge of the surface should be measured by a low,[
microscope.

6.2 Calibration

Since the contrast discrimination of observers is variable, the amount of background light*shall be adj

ower

Listed

before using|the instrument so that the standard sample imperfection is just on the dimit of visibility with the

sample illumjnation set at 2 500 Ix. This procedure for observer eye calibration shall be employed with
the transmitting and reflecting quality control stations.

The standard imperfection given in E.5 takes the form of a calibrated opaque cross with limbs of width 7 |

6.3 Procedure

Having sele¢ted the appropriate visibility control station, depenhding on whether the component is
inspected in fransmission or reflection, the visibility class number’is set on the sample illumination contrd
the operator]s eye is calibrated, as indicated above. Components may now be inspected. Under
controlled conditions, if any imperfection is seen anywhere within the effective aperture or on either sid
component ghall be rejected. Tables of visibility class ‘designations are given in E.4. With this equipment
to mask light outside the effective apérture of the component which shall always be view
both eyes at the fixed distance of 300 mm.

It may be nofed that, although not requiredtin this International Standard, the equipment can also be usg

both

m.

o be
| and
hese
p, the
care
bd by

ed to

determine the quality grade of a component. In this case, the component is viewed with the pre-set

background level but with the componéntTighting at its lowest setting, that is class 5. If no imperfection is
the compongnt illumination should pe,increased to class 4. This process should be continued until at leas
imperfection jis seen. Its grade is then recorded as the previous class number.

It should als@ be noted that'the dynamic range of the equipment has been chosen to satisfy an averageg
requirement.

6.4 Test neport

seen,
t one

user

If a test repoft is’requested on the drawing, this shall contain the following information.

a) General information:
1) name and address of workshop;
2) name of the inspector;
3) date of the measurement;

4) 1SO document number.

6 © ISO 2003 — Al rights reserved
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b) Sample information:
1) component drawing number;
2) specifications relating to storage, cleaning and production date;
3) transmitting/reflecting component;
4) component diameter;

5) operational mode: conformity/quality grade.

c) Test specification:

1) description of test equipment;
2) description and size of masking aperture;

3) the visibility class number (when in conformity mode);

4) grade size number for extent of edge chips.

d) [Results:

1) duration of inspection session;

2) the number of components tested (when in confarmity mode);

3) the grade levels measured for each compofent (when in quality grade mode);

4) grade numbers of edge chips;

iR
~

number of conforming components;

@) the uncertainty of measurement (when in quality grade mode).

© 1SO 2003 — Al rights reserved 7
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Fig

Key

D b~ WN -

viewing pgsition

Annex A
(informative)

Component inspection for Method |

ure A.1 gives the typical arrangement for the component inspection for Method I.
1
5
A)Q%

.

twin fluorgscent tubes
matt blacH finish

magnifier
componeipt under test

rotation apd displacement of component

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

© ISO 2003 — Al rights reserved
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Recommended dimensions of artefacts on a scale comparison plate for
Method |

tting material

ace which is

In both cases, it is recommended that the scale comparison plates be madé-by depositing chronje onto glass

by e

Largg

aporation.

r or smaller artefacts may also be useful for certain applications:

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

Diameteér-of circular “defect” Dimension of |'scratch”
Grade number
pum gm x ym
Plate No. 1 0,004 4,5 1 x 16
0,006 7 1,6 x 25
0,010 11 2,5 x40
0,016 18 4,0x03
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 §00

© 1SO 2003 — Al rights reserved
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Annex C
(informative)

Description of the instrument used for measuring imperfections
below 0,01 mm: Microscope image comparator (Method I)

C.1 Princ

pleof 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 di
imperfection
conditions, W
beam by an

artefact of kn
lens is used

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 occuring small imperfections transmit as well as scatter, their dimen
ectly related to their obscuration of light. It is, however, possible to quantify the obscuration
by comparing the peak contrast of its image, formed by a small aperture lens under brigh

Dr by

sions
of an
-field

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

mperfection, by the process of scatter, is equated to the amountf light removed by an absg

rbing

own dimensions. Here, only the direct or undiffracted light is collected and the same low ap
to image both the imperfection and the comparison artefact. Since the instrument requi

rture
d to

make the me¢asurement of imperfection severity is in the form of a comparator, the following descriptionp can
as informative. A more detailed description of a microscope image comparator is given in [10], its

be regarded
operation in
imperfections

C.2 Schematic representation of a comparator

Figure C.1 s
and SED v3g
Isolated defq
achieved by

Light from a
through the

polarizing beg
before falling
substrate. T
onto the TV

back focal pl

support of a standard for surface damage is described in [13] and currently used threshol
b are reviewed in [14].

nows a schematic representation of a'microscope image comparator capable of measuring

s for

LEW

lues of most imperfections likely 10 be met in practice on transmitting or reflecting surfaces.

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

tungsten lamp, S, is\.focused by the condenser lens, L4, onto the pinhole, P. After pag
polarizer, Z4, the light from P, which is at the focus of L,, passes as a parallel beam int
amsplitter, B. TheZbeam passing straight through B is transmitted by the quarterwave platg
at normal incidence on to the plate, R, which carries a transparent reference slit in a reflg
e light reflscted by R can now be imaged, after a return passage through Q; and B by le
camera dfter transmission by the analyser, Z,, and by the spatial frequency filter, F, placed
ane of g, This spatial frequency filter takes the form of a pinhole of diameter sufficiently sm

remove the
transmitted

!

ine“structure from the image. The parallel beam from L, reflected by B into the test chan

ly be

sage
o the
, Qq,
cting
s L3
n the
all to
hel is

y-the quarterwave plate, Q,, and illuminates the test specimen, T, at normal incidence. As

n the

reference channel, the light reflected by T can now also be imaged, after a return passage through Q, and B,
by L3 onto the TV camera. The plates Q4 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.

10
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Q,
\\

T —— -—T

>Q'

2

Figure C.1 — Microscope image comparator

C.3 [Method of operation

A sclvﬁltch on T and a slit on R are positioned so that their images are both in focus side-by-side on the TV,
and then the contrast of their images, seen as dark lines in a bright field, will be related to the amount of light
they pave removed from their illumination beams. The instrument is used by spinning Z, so as to expose both
bean}s alternately to the TV and;adjusting the angular setting of Z, to reduce the flicker of the bpckground of
the tgst and reference images 10 zero. The polarizer, Z,, can now be brought to rest and carefully adjusted in
anglg to the setting @ where' the test and reference images are of equal contrast. It can be shown [9] that
tan2@ is then equal to the.ratio of the amounts of light removed by the test and reference imperfegtions. Since,
for convenience, the(reference imperfection is chosen to be sufficiently wide to create an image|of maximum
or unjit contrast, this-value is a measure of the visibility of the imperfection under test. By replaging T with a
calibfation plate having lines of known width and spots of known diameter, the scale @ can be|calibrated in
LEW|[and SEDwalues. The instrument is then ready to quantify any imperfection in terms of its effective
obscuyrationy:

Whe perfection—is—on—a—trans g—subsirate or appears—as—a 5\ s—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'
is placed 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.
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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 L5 = 50 mm Total magnification = 50

For rapid routine inspection, some organizations use scratch plates covering the range of imperfectio

particular intg
they carry by
certified line
MIL Standar
equivalent a
scratches an

It should be
developed in
curved mirro

bnd spot standards. The Table C.1 shows, for example, the approximate relationship betwee
s employed in the USA, their contrast under bright-field viewing, their LEW values an
hgular setting of the analyser. The spread in analyser settings reflects variability 'in sta
d setting errors.

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

MiL LEW Analyser setting
tandard Contrast
standar pm indegrees
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

noted that, as the instrument doubles as a low power microscope, the dimensions of
perfections and edge chips can ‘also be measured. Measurement of imperfections on st
s require the use of a power campensating lens placed close to the sample under test.

12

hdard
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ceply
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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
meas
illumi

The |
on th
N, of
squa

This
long
and |
scrat
its m

The
calcu

ubtful, in which case it passes to level 3. All imperfections of interest will be seen at
urement of imperfection severity based on dark-field visibility can only be carried out using
hation system described in Method |I.

e drawing, will know the classification of imperfections specified. The drawingrindication for
allowed general surface imperfections of maximum permitted grade 4 is 5/N x A, where 4 i
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_imperfections classified
scratches (longer than 2 mm) and edge chips bearing the prefixes C, L and E. The numb
png scratch imperfections of maximum permitted grade 4' and/4" are indicated as N' and
ches, 4" 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 of the polished surface, in mi

equired dimensions of every imperfection are now.t0 be measured at level 4 and their gr
lated. This involves measuring the widths and/orlengths of a variety of different imperfecti

whic

meagured using a magnifier or low power microscope in which the size of an image of the in
compared with that of lines and dots of known“dimensions on a comparator plate. Such a plate is

Ann

obscuration these cause can best be measured by comparing the amount of light they remove w
artefacts of known size with the aid of-a microscope image comparator as described in Annex C.

At le
other
for rg
the tq
as ar

Leve
perm

could be sub-micrometre in size. Experiencehas shown that dimensions greater than 0,0

B. Imperfections below 0,01 mm may, not be well resolved by an optical microscope and

el 5, imperfections with grades less than 0,164 and 0,34" can be ignored, unless the draw
wise and, if there are no'‘athers, 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

level 2, but a

¢

bcation of all imperfections will be known at level 3 and the observer, with the aid“of information provided

e controlled

the number,
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 wheh more than 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.
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AC(

CUST]

LEVEL
COMPONENT PRODUCTION 1
INSPECT 2
LOCATE / CLASSIFY 3
General Coatings Long scratches Edge chips
5/N x A CN' x A’ LN" x A" EA™
MEASURE
> 0,01 mm: Size comparison 4
< 0,01 mm: Obscuration comparison
IGNORE
5
<0,16A and < 0,3A"
REJECT CONCENTRATIONS
>20 % in 5 % area and if 6
A, A’ A", A"Care exceeded
GRADE COMPARISON .
Actual / Permissible
LEPT REJECT —' 8
OMER WASTE

Figure D.1 — Imperfection quality control
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Light|scattered from surface imperfections is compared with a reference background illumination,
class

To epsure a constant level of sensitivity, independent of the observer, the reference backgre
illumination is adjusted by the use of a standard sample defect given in E.5.

Deta

E.2

The

E.3

ISO 14997:2003(E)

Annex E
(informative)

Inspection station (Method Il)

Principle of operation

Description of the inspection station

operation of the inspection station requires the use of two'channels:

In illumination channel providing uniform hemispherical illumination of the sample impe
¢an be seen;
a reference channel which, by means-of a beam splitter, projects a background of uniforn

into the observer's field of view. For each individual observer, its level is adjusted so that
defect, when illuminated at a level of2 500 Ix, is just visible.

Schematic representation of the inspection station

The visibility

is determined by the level of sample illumination at which imperfections become visible, ¢ach visibility
class| corresponding to a particular sample illumination.

und level of

led information on the design and validation of the method based)on measuring the¢ visibility of
impeffections by eye is to be found in references [11] and [12].

fections, but

xcluding the solid angle subtended by the observer's eyes, so that, in the absence of a sample, no light

) illuminance
the standard

Figure E.1 illustrates thentwo arrangements required for tests operating with transmitted and reflected light.
Optigal fibres are usedyto provide dark-field illumination in each case.
NOTEH The following lens types are typical of those for which this method is appropriate:

eyepieces: diameter 30 mm, maximum aperture F/1;

objectives: diameter 80 mm, aperture F/3;

ophthalmic lenses: diameter 82 mm, dioptric power -6 m~' to +12 m~".
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