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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Light scattering by optical components reduces the efficiency of optical systems and degrades the
quality of image formation. Imperfections of the coatings and optical surfaces of the components
predominantly produce light scattering. These imperfections involve surface and interface roughness;
contamination; scratches; and defects of substrates, thin films and interfaces. Imperfections divert
a fraction of the incident radiation from the optical path. The spatial distribution of this scattered
radiation is dependent on the power spectral density function of the surface and interface’s roughness,
on the wavelength of the incident radiation and on the individual optical properties of the component.
The wavelength dependence of the scattered radiation is indispensable information for characterizing
optidal components.

This|document proposes a simple spectroscopic method for probing minute scatterédyradiation using
a conventional double-beam spectrophotometer (hereafter, double-beam spectrophotomgter) that is
widely used for evaluating optical components.

© IS0 2019 - All rights reserved v
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Optics and photonics — Spectroscopic measurement
methods for integrated scattering by plane parallel optical
elements

1 Scope

This| document specifies procedures for determining the spectroscopic forwand| scattering
characteristics of coated and uncoated optical surfaces over a specified wavelength, rarjge between
350 pm and 850 nm using a double-beam spectrophotometer with an integrating sphere. Thiis document
is al4o applicable to the forward scattering properties at a single wavelength.

This|document is applicable to spectroscopic forward scattering measurements with collection angles
largdr than 2,7 degrees. ISO 13696 provides a measurement method for smaller collection gngles.

2 Normative references

The following documents are referred to in the text in suchya.way that some or all of their content
consfitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced deciiment (including any amendmepts) applies.

[SO 491, Plastics — Standard atmospheres for conditiening and testing

3 Terms, definitions and symbols

3.1 | Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd IEC maintain terminglogical databases for use in standardization at the following dddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropediat-available at http://www.electropedia.org/

3.1.1
rear{surface
surfdce thatinteracts last with the transmitted radiation

[SOUREE*ISO 13696:2002, 3.1.3]

3.1.2

forward scattered radiation

fraction of incident radiation scattered by an optical component into the forward half-space excluding
that within a cone with a specified angle about the normal direction

Note 1 to entry: The forward half-space is defined by the half-space that contains the beam transmitted by the
component that is limited by a plane containing the rear surface of the optical component.

3.1.3
forward scattering
ratio of the power of the forward scattered radiation to the power of the incident radiation

© IS0 2019 - All rights reserved 1
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3.1.4
diffuse reflectance standard
diffuse reflector with known total reflectance

Note 1 to entry: Diffuse reflectance standards are usually fabricated from barium sulfate or
polytetrafluoroethylene powders. The total reflectance of reflectors freshly prepared from these materials
is typically greater than 0,98 within the range from 350 nm to 850 nm, and it can be considered as an 100 %
reflectance standard.

[SOURCE: ISO 13696:2002, 3.1.7, modified — deleted NOTE and added Note 1 to entry.]

3.1.5
remaining scattering
ratio of the yadiant power detected without a specimen to the radiant power of the incident radiatjon

3.1.6
minimum scattering collection angle
MCA
minimum angle from which an integrating sphere collects scattered radiation

3.1.7
angle of polarization
angle betwden the major axis of the instantaneous elliptical polarizatiofsstate of the incident radiption
and the plarje of incidence

Note 1 to entry: For non-normal incidence, the plane of incidence is ‘defined by the plane that contairfs the
direction of gropagation of the incident radiation and the normal at the'point of incidence.

Note 2 to entfy: The angle of polarization, y, is identical to the azimuth, @ (according to ISO 12005), if the refefence
axis is locatefl in the plane of incidence.

[SOURCE: 190 13696:2002, 3.1.9, modified — changed the word of “ellipse” to “elliptical polarizption
state” and dgleted y as term.]

3.2 Symbols

Symbols us¢d in this document are listed'in Table 1.

Table 1 — Symbols

Symbol Term
A Wavelength, expressed in nanometres
Astart Measurement starting wavelength
Aend Measurement ending wavelength
St(MCA, A;) Forward scattering at A;, MCA

Mean rorward scattering at MULA
Sf (MCA')'start — ’lend ) &

Tst(Af) Signal value of specimen transmittance as a measurement value of the spectro-
photometer

Trs(A)) Signal value of remaining scattering as a measurement value of the spectrophotom-
eter

Tss(A4) Signal value of scattering with specimen (including remaining scattering) as a

measurement value of the spectrophotometer

4 Principle

The fundamental principle (see Figure 1) of the measurement apparatus is based on the collection and
integration of the forward scattered radiation. For this purpose, an integrating sphere with a diffusely

2 © IS0 2019 - All rights reserved
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reflecting coating on the inner surface is used. Beam ports transmit the incident radiation beam into
and out of the integrating sphere. The specimen is placed in front of the entrance port. The forward
scattered radiation is integrated by the sphere and measured by a detector attached to an additional
port. The number, the location, and the shapes of baffles shall be optimized so that any difference in
measurement values shall not arise when the same amount of scattered radiation is generated at the
entrance and exit ports.

6 9 7

11 10

i
| /

5\
P

I

=

2
2
a) Side view b) Top view c) Installation example for
reducing remajining
scattering
Key
1  incident radiation 7> detector
2 iEtegrating sphere 8  minimum scattering collection angle, expressed
3 ¢ntrance port in degrees
4  ¢xitport 9 radiation baffles
5 1eference port 10 light trap
6  gpecimen holder 11 shading mask

Figure 1 — [Hustration of apparatus to measure forward scattering

5 Measurements'using a double-beam spectrophotometer

5.1 | General

A dquble‘beam spectrophotometer with an integrating sphere, a very common ingtrument in
opic forward
scatt! g—chara . dectmenta-simpleand-handy-way-te-implementforward scattering
measurements is realized. The measurement method described has an easy implementation and is
cost-effective.

Since the measured forward scattering strongly depends on the minimum scattering collection angle,
the minimum scattering collection angle shall be recorded and considered when comparing the results
obtained with different instruments.

The minimum scattering collection angle is determined by the setup of the double-beam
spectrophotometer and the geometry of the integrating sphere, in particular the opening angle of the
exit port. In this document, the collection angle is larger than 2,7 degrees.

Consult ISO 13696 for angle scattering measurements smaller than 2,7 degrees and realizing lower
remaining scattering. ISO 13696 proposes a laser light source based scattering measurement setup

© IS0 2019 - All rights reserved 3
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with a minimum scattering collection angle less than 2 degrees and with remaining scattering less than
0,000 15 %.

The minimum scattering collection angle in this document changes from 2,7 degrees to 8,6 degrees
depending on the diameter of the integrating sphere, which ranges from 270 mm to 60 mm (see Annex C
for additional information). Although the desired remaining scattering value should be one order of
magnitude less than the value of forward scattering, it can be challenging with the spectrophotometer
setup presented here. In this document the remaining scattering value should preferably be less than
0,02 %. If it is more than 0,02 %, reduction efforts shall be employed such as installing a light trap,
shading masks, and shading walls [see Figure 1 c)] as necessary. If a remaining scattering value less
than 0,02 % cannot be obtained, it is mandatory that the value shall be recorded and documented. As
described iff 7.7, the formula for subtracting the remalning scattering contribution shall be used for

obtaining the measured forward scattering value.

5.2 Double-beam spectrophotometer

5.2.1 Genleral

The double{beam spectrophotometer used for the spectroscopic forward seattering measurenments
has four furctional sections: the radiation source, the optical system, the intégrating sphere, anfl the
detector. Thiese functional sections are described in detail below.

photometer shall be able to measure the wavelength rangé from 350 nm to 850 nm| The
wavelength|resolution (slit width) shall be 5 nm and stray light shall be 0,000 10 % or less. A usef can
also specify|a wavelength resolution less than 5 nm as long as the'dynamic range described in Anpex B
is preserved.

The spectrg

Using a tun
certificatior]
850 nm. Th
performanc

5.2.2 Rad

A radiation

halogen lamp.

5.2.3 Opt

The optical
integrating
and a samp
to the samp

psten-halogen lamp as a light source and a photomultiplier as a detector, the performn]
requirement described in Annex B is satisfied over the wavelength range from 350 1
s document can also be applied to a wider wavelength range if it is confirmed to meq
e certification requirement.

iation source

source with a minimal spectral range of 350 nm to 850 nm shall be used, such as a tun

jcal system

system of the\spectrophotometer delivers light emitted by the radiation source t

ance
m to
t the

rsten

b the

sphere. Théseptical system shall have a double-beam configuration with a reference heam

e beam By performing a reference beam intensity measurement and giving its feed
le beamn intensity measurement at the same time, the source radiation intensity drif]

back
t can

instantaneolusly be cancelled.

The optical system shall have a monochromator including a diffraction grating as a dispersive element
to obtain monochromatic light with a certain wavelength resolution for irradiating a specimen. For
blocking the higher order light diffracted from the grating, an auxiliary prism or an absorption filter
may be used. For measurements requiring high spectral resolution and/or low stray light, a double
monochromator configuration is recommended.

Although the incident beam to the specimen in the spectrophotometer is polarized in general,
polarization does not affect the forward scattering for optically isotropic specimens because the
specimen should be irradiated at 0 degree incidence. If the specimen is not optically isotropic, the effect
of polarization may be taken into account.
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Key
incident light
leference light
detector
Figure 2 — Integrating sphere in the double-beam spectrophotometer
5.2.4 Integrating sphere

An ingtegrating sphere is used for collection and integratien of the forward scattered radi

spec
of 0

men. The incident radiation shall be introduced_ifito the integrating sphere at an in
legrees. The integrating sphere shall be equipped with an entrance port and an exit

incident radiation beam and another entrance port for the reference beam (see Figure 2

surfa

The ¢
or leg
Radi

ce shall be coated with a highly diffusive reflecting material with a Lambertian chara

Falue of the exit port area divided by theinner surface area of the integrating sphere §
bs and the minimum scattering collection angle [see Figure 1 a)] shall be 2,7 degrees to
htion baffles may be installed in(the integrating sphere to shield the sensitive area of

against the direct radiation scatteréd by the specimen.

“The
diam
sphe

5.2.5

The
sour
sens

5.3

inner surface area of the_integrating sphere” equals the entire surface area of a s
eter is identical to that-ef the integrating sphere. The typical inner diameter of the
e for a conventional'spectrophotometer is 60 mm or larger.

Detection System

Hetection-system shall have sufficient sensitivity, linearity, and dynamic range for t
ce. Normally, a photomultiplier is attached to the detection port of the integrating sp}
tive area forming a part of the inner surface.

ation by the
rident angle
port for the
). The inner
Cteristic.

hall be 0,03
8,6 degrees.
the detector

here whose
integrating

he radiation
lere with its

Test environment

The temperature range and relative humidity of the test environment are defined below.

Temperature: 20 °C to 35 °C

Relative Humidity: 60 % or less
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6 Specimen preparation

6.1 Speci

men

The specimen shall be a coated or an uncoated plane parallel optical element without any imaging
effects and interference between the front and rear surfaces. The imaging effects mentioned here
include lens effects and wedge effects changing the beam propagation behaviour inside the integrating

sphere. The

specimen shall be irradiated by the incident beam at 0 degrees.

6.2 Conditioning of specimen

Storage, cle§
by the many

In the abse
tested in an

When conditioning is required, condition the specimen in accordance with ISO291 at (23 * 2) °¢

(50 + 10) %

The specim
unpacking a

If contamin{
environme

t
contaminarrlk

before testi

7 Procedure

The perfornpance of the double-beam spectrophotometer shall be certified according to the descri

7.1 Perfo
in Annex B.
7.2 Meas

Before mou
exit port of
Figure 3 an

ining and preparation of the specimen shall be carried out according to instructions)
facturer for normal use.

hce of manufacturer-specified instructions, the specimen shall be stored; -prepared
environment with a relative humidity of 60 % or less.

relative humidity for no less than 40 hours prior to the test.

nd preparation. Only non-optical surfaces of the specimen,shall be handled.

ints are observed on the specimen or if the original pagkaging is unsealed under unde
al conditions, the surface shall be cleaned using a documented cleaning procedure.
s are not removable, they shall be documented by,photographic and/or electronic nj

g.

rmance certification of double‘beam spectrophotometer

urement of baseline

hting a specimef;0pen the entrance port and place a diffuse reflectance standard 4
Lhe integrating.sphere, then measure the baseline over the scanned wavelength rangg
 Table 2).c<The shape of the diffuse reflectance standard shall be devised to form a

of the inner
spectral ran

wall of the'integrating sphere and also shall not degrade any light integrating functi
ge for measurement within the range from 350 nm to 850 nm may be specified here.

riven

and

and

ens shall be kept under cleanroom conditions rated as Class,7 Or better at all times dyiring

fined
f the
eans

btion

t the
(see
part

pn. A

Key
1
2
3

beam

,ﬁ\

2

integrating sphere
diffuse reflectance standard

Figure 3 — Measurement of baseline
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NOTE The reference beam on the integrating sphere for the double-beam measurement configuration is not
shown in the drawings.

7.3 Specimen mounting

The specimen is mounted in a holder at the entrance port of the integrating sphere.

7.4 Measurement of specimen transmittance

With the specimen in place, the entrance port is open and the diffuse reflectance standard is placed
at the exit port of the integrating sphere. The spectral transmittance, [z¢:(A;)], is then measured (see
Figure 4 and Table 2).

1
2 3 4
Key
1 lheam
2 dpecimen
3 integrating sphere
4  diffuse reflectance standard

Figure 4 — Measurement eftransmittance of the specimen

7.5 | Measurement of remaining scattering

After removing the diffuse reflectance standard and the specimen, both the entrance portjand the exit
portire open. The remaining scattering, [t:s(4;)], is then measured (see Figure 5 and Table|2).

N
\—/

Key

1 lheam

2 integrating sphere

Figure 5 — Measurement of remaining scattering inside the integrating sphere

7.6 Measurement of scattering with specimen

The specimen is placed again at the entrance port of the integrating sphere and the exit port is kept
open. The scattered light is then measured, [tss(A;)] (see Figure 6 and Table 2).
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)

specimen
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hg sphere

Figure 6 — Measurement of scattering with the specimen

Table 2 — Status of the specimen and ports for measurements

Specimen Exit port

Baseline No Diffuse refleetance standard

Yes Diffuse reflectance standard

Tst (M)

Trs(Ai) No Open

Tss(Ai) Yes Open

7.7 Calcu

The forwar
be calculatd
subtraction
should be 1

S¢ (MCA

where

Tst(A7)
Trs(Ai)
Tss(Ai)

Please note

lation of the forward scattering of the spécimen

1 scattering of the specimen at a wavelength A; in the range of 350 nm to 850 nm
d using the Formula (1). The derivation, of the Formula (1) is described in Annex D
of the remaining scattering is taken into account with the Formula (1). The data int

Tss (ﬂ’i )_Tst (ﬂ’i )'Trs (li)
1_Trs (;Ll)

is the signal valueof specimen transmittance;
is the signal value of remaining scattering;
is the signal value of scattering with specimen (including remaining scattering).

that the signal to noise ratio of Sf(MCA, A;) shall be checked especially when the Sg(MC

shall
The

brval
hm, and a user can also specify the data interval within the range from 0,1 nm to 5,0 nm.

M

A, A7)

NON1 0L axloce T challlba i dand bt st n s no ot 10 nali o] an axr adant:

n. If

isaround O,

£
UU 1L /0 UT ICS3 S Icotralr oc Juus\,u whaeter e measturementisrenante \,lluusll TOT auaopt

the measurement is not reliable enough for adoption, it shall be excluded and shall be documented. The
lower reliable limits of 75¢(A;), 7rs(A;) and 7ss(A;) used for calculating Sf(MCA, A;) become 0,001 % when
the OD (optical density) 5 dynamic range of the spectrophotometer is confirmed according to Annex B.
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Calculation of the mean forward scattering of the specimen

Formula (2) shall be used for the calculation of the mean forward scattering over a certain wavelength
range. A user can specify a wavelength range of interest. The value of the mean forward scattering shall
be calculated over the specified wavelength range.

Sf (MCA”lstart _)’end ) -

Y se(Mea, )

n

where

Pleage note that the mean forward scattering shall be calculated with thevalues Sf(MCA, A;)
exclyded in terms of a signal to noise ratio as described in 7.7.

7.9

The
ISO

the qumbers written in ISO 15368:2001. An example of*an uncertainty budget with a d
spectrophotometer is given in Table 3.

8
The

a)

b)

$:(MCA, 4;) isthe forward scattering at the i-th wavelength;

(2)

Ai is the i-th equally spaced wavelength;

n is the number of Sf(MCA, A;) over a range.

Uncertainty budget

main uncertainty factors of double-beam spectrophotometers are described in
15368:2001. The double-beam spectrophotometers. to' be used in this document §

Table 3 — An example of an uncertainty.budget with a double-beam spectrophot
Component Uncertainty
Wavelefigth accuracy +0,2 nm
Non-llnt_earlty 0,6 %
(systematic error)
Bhotometric fluctuations £0,3 %
(random error)
Stray light 0,000 1 %

L

[est report
test reportshall include the following information:

Infotmation on the testing laboratory

that are not

Clause 9 of
hould meet
ouble-beam

ometer

H—name-andaddressof the-testingorganization;

2) date of test;

3) name of the operator of the spectrophotometer;

4) references to the International Standards used as a basis for the test.
Information on the specimen

1) manufacturer of the specimen, part identification code, date of production;

2) description of the specimen (materials, coating, polishing, diameter and thickness);

3) specifications of the manufacturer for storage and cleaning;

© IS0 2019 - All rights reserved
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<)

d)

10

4)

specifications of the manufacturer for normal use (spectral characteristics, wavelength,
polarization, angle of incidence, purpose).

Information on the test

1y
2)

3)

4)
5)

Measurgd results

1y

2)
3)
4)
5)
6)

7)

The graphical versions showing measunéed'data of 2), 3), 4) and 5) are given in Annex A.

Informdtion on the results

iy

spectrophotometer (manufacturer, model name and performance certification results);

parameters of the integrating sphere (diameter, number of ports, each port size, exit port area,
minimum scattering collection angle and wall coating material);

parameters of the optical system (wavelength range, radiation source, detector and angle of
incidence to the specimen);

test environment (temperature, humidity, place information, cleaning before test);

state of polarization.

a specified wavelength range for measurement, a specified wavelengthresolution (slit wjidth)
and a specified data interval;

measured tst(A;) data as a function of wavelength;
medgsured tr5(A;) data as a function of wavelength;
medgsured 7s5(A;) data as a function of wavelength;

calqulated Sf(MCA, A;) data as a function of wavelength;

calqulated S¢(MCA, Agiare —Aenq ) Value and itsSpecified wavelength range;

excluded measurement data for Sf(MCA, A;)\and S; (MCA,/l Aend ) ,if any.

start —

details of any incidents likelyyto have affected the results.
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Annex A
(informative)

Measurement examples of the specimen transmittance, remaining
scattering and scattering with a specimen

The tunical cnacian trapncmaittancn ooty - ()] ’\Y\A seattaring uith o cnocsd hen [T A
typieat—S pecHReR—ahRSHeeahee—S pectut st T Ha—Seatete S—WHe—d—5peeH ssl\Af

are ¢verlaid in Figure A.1. A double-beam spectrophotometer is employed with a 60tmm diameter
integrating sphere whose MCA is 8,6 degrees. The specified wavelength range for méasurfing forward
scattiering of the specimen is from 380 nm to 780 nm.

Y
100

o | )
60 \72

40

20

L 1 \_

380 430 480 530 580 630 680 730 780| X

Key
1 1ss(A) X  wavelength in nm
2 Tst(A) Y signal [%]
Figure A.1 — The typical spectra of specimen transmittance [75:(A;)] and scattering with a

specimen [ss(A;)]

The typical scattering-spectrum of 7r5(A;), ss(A;) and zst(A;) - rs(A;) are overlaid as shown in} Figure A.2.
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Figure A.2 — The typical spectrum of 75(1;), 7ss(Aand ts¢(4;) - trs(A)

The forwar(l scattering S¢(8,6° A;) calculated from data in Figure A.2 with Formula (1) is showyn in
Figure A.3.
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Figure A.3 — The forward scattering of a thin film filter specimen
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Annex B
(normative)

Performance certification of a double-beam spectrophotometer

B.1

For

proc
carri

B.2

Solut
thes
is m
desc

a)

b)

General

spectroscopic forward scattering measurements, the instrument performance
bdures for the photometric linearity (B.2) and photometric dynamic range\(B.3

Photometric linearity test

ions with several degrees of turbidity are prepared as standardsfor this evaluation. B
cattering of the standards, a calibration plot of scattering asa function of the degrees
hde and linearity is evaluated with the correlation cogfficient of the plot. The p
ribed below.

A commercially available turbidity standard solution is diluted with a proper amg
yvater to make a series of turbidity standard solutiens as standards for this evaluation.
gtandards in a range of turbidity from 0,1 to 5,0 shall be prepared.

A quartz cell with a 10 mm optical path shall be prepared and filled with pure water. As
[lause 7, the cell is mounted in the specifnen holder and 75(A;) with additional scatteriy
h)y the cell shall be measured. Then,'the quartz cell is filled with each turbidity stand
gcattering is measured. For each,measurement, care shall be taken to maintain precisi

¢ell with minimal scratches and‘eontamination shall be selected, and good position 1

rertification
should be

ed out prior to practical application. In addition, the instrument error should'be chiecked using
cominercially available certified standard materials.

y measuring
of turbidity
rocedure is

unt of pure
At least five

described in
g generated
ard and the
on: a quartz
epeatability

fhen mounting of the quartz'eell (at the entrance port of the integrating sphere) shall be ensured.
c) The scattering of the turbidity standards shall be obtained using Formula (1) describgd in Z.7. The
plot of the scatteringmeasurement results as a function of their degrees of turbidity shall be made
dnd the linearity of-the plot shall be evaluated and checked to see if the correlation qoefficient is
greater than 0,995)and if the line of the plot passes near the origin.
B.3 | Photometric dynamic range test
The |double=beam spectrophotometer with an integrating sphere shall be certified| to have a
photprietric dynamic range over OD 5. For this test, a set of certified neutral density filters such as

Fas a¥illal 1 AN 4 1 11 i P R | 11 q h i n : 4]
OD 1, UD 4 dIIU UD 7 UdIl DT USCU DU HHIUIvVIUUdily dIilu I CUIIIDIIIAUUIL Dy CULIIPdAIIITE LI

e measured

absorbance spectrum and mathematical calculation result of these filter sets, it can be certified that
the instrument has a photometric dynamic range over OD 5 within a necessary wavelength region.
This test shall be performed with the measurement setup described in 7.4 and Figure 4. Double-beam
spectrophotometers proven to be capable of measuring scattering after completion of the evaluations
described in B.2 and B.3 may still have a small difference in measured scattering values. In that case,
additional tuning may be carried out with haze standards of ASTM D1003 conformity.
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Annex C
(informative)

Influence of minimum scattering collection angle to measured

forward scattering

It is

A measure
important t

The minimyim scattering collection angle is mainly determined by an exit port diameter' o

integrating

shows examples of the integrating spheres and their minimum scattering collection angles:

Since it is w|
to estimate
shows typid
for ground,

forward scafttering value can be calculated by integrating the ARS data in Figure C.1. By repeating

calculation

the minimu
shows a plof
ratio introd

collection angle to the forward scattering value whose minim{m scattering collection angle is 2 deg

It should alj
surface poli

Figure C.3 s
backward s

collection angles of integration. Figure C.4 shewsthat the influence of the minimum scattering colle
angle on the¢

ARS data of]
At the othel]
within a fey
should be aj
system with

Furthermorj
scattering c
the specime
fixed. If necq

annnf\vr] onnffav-‘nn- valua dc diffarant vunath o adnimaiis coattaring r-n"ani—1nn anala
TSV oo e T O T e O re—vy Toir ot Tt et i o o e e oIt 5 CoTTECTIoT TS TS

b know what minimum scattering collection angle is used and to recognize this influ

sphere that is designed to work well with a double-beam spectrophotometer Tabl

ell known that each surface has its own ARS (Angle Resolved Scattering}, it is meani
the influence of the minimum scattering collection angle with typicallARS data. Figuy
al ARS data of a surface having isotropic surface roughness, which is usually jusf

while changing the minimum scattering collection angle{information on the influen|
n scattering collection angle on the forward scatteringwalue can be obtained. Figur
of collection ratio as a function of the minimum scattering collection angle. The colle
liced here is defined as a ratio of the forward scattering value with a minimum scatt

o be clearly stated here that the curve shape of ARS varies with the type of coating
h. Although this is not an example of forward scattering but that of backward scattd
hows the ARS of highly reflective dieleetric multilayer coating at 1 064 nm. Figure C.4 §
fattering calculated by integrating the-ARS of Figure C.3 with different minimum scatt

backward scattering value is, relatively small with the coating in Figure C.3 becaus
the coating drops by only.about two orders of magnitude from 2 degrees to 50 deg
end, there is a metallic mirror coating. Its ARS may drop by several orders of magn
U degrees at small angles) so it is important that the minimum scattering collection
small as possible in this case. ISO 13696 shows an example of a scattering measure
a minimum scattering collection angle less than 2 degrees.

e, a larger beam/diameter on the specimen surface may have an influence on the mini
bllection angle. A certain scattering generating point in the footprint of the incident lig
n surfacé has its own minimum scattering collection angle because the exit port posit
pssary, this effect may also be taken into account.

ence.
f the
e C.1

ngful
e C.1
ified

polished, and coated surfaces. Once a minimum scattering collection angle is specified, a

r this
ce of
e C.2
ction
Pring
rees.

r and
ring,
s the
bring
ction
e the
rees.
tude
ingle
ment

mum
ht on
onis

It is alwayg

desired that the measured forward scattering values are obtained with the ide

tical

spectrophotometer. IT different spectrophotometers are used, the minimum scattering collection angle
should be checked to ensure it is identical within a certain angle range. The certain angle range may
be less than +0,4 degrees. The +0,4 degrees range corresponds to the difference of measured forward
scattering values less than 10 % in the case of Figure C.2.

Table C.1 — An example of parameters with the integrating spheres

Integrating sphere Exit opening Minimum scattering
diameter diameter collection angle
60 mm 19 mm 8,6°
150 mm 25 mm 4,4°
270 mm 25 mm 2,7°
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Figure C.1 — Typical ARS data of a surface
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Figure C.2 — A collection ratio behaviour calculated with the ARS data in Figure C.1
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X  scattering angle [degree] 1 wvariation of minimum scattering collection angle for
integration
Y ARS[1/3r] 2 backward scattering

Figure €.3 — The ARS data of a highly reflective dielectric multilayer coating at 1064 nm
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Figure C.4 — The backward scattering calculated by integrating the ARS of Figure C.3
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