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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

Measurements of reflectance and transmittance using spectrophotometers are the most fundamental
methods for the characterization of optical components. Since the spectrophotometric methods are
basic and normal, they are extensively used and provide measurement data over a wide range of
wavelengths.

This document describes the measurement of reflectance and transmittance using spectrophotometers,
which provides data with high reproducibility and repeatability.
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Optics and photonics — Measurement of reflectance
of plane surfaces and transmittance of plane parallel
elements

1 Scope

This|document provides rules for the measurement of the spectral reflectance of plane suxfpces and the
spectral transmittance of plane parallel elements using spectrophotometers.

This|document only applies to measurements of the regular transmittance and theregularjreflectance;
it dogs not apply to those of the diffuse transmittance and the diffuse reflectance.

This|document is applicable to test samples, which are coated or uncoated.optical compongnts without
optidal power.

2 Normative references

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

IS0 9211-1, Optics and photonics — Optical coatings.=—"Part 1: Vocabulary

ISO 10110-8, Optics and photonics — Preparation-of drawings for optical elements and systems — Part 8:
Surfqce texture

ISO §0000-7, Quantities and units — Part‘Z: Light and radiation

ISO/IEC Guide 98-3, Uncertainty .,of measurement — Part 3: Guide to the expression of uncertainty in
meagurement (GUM:1995)

IEC §0050-845, International-Electrotechnical Vocabulary — Chapter 845: Lighting

3 Terms and definitions

For the purposes* of this document, the terms and definitions given in ISO 9211-1, IFO 80000-7,
[EC §0050-845 and ISO/IEC Guide 98-3, and the following apply.

ISO gndAEC maintain terminological databases for use in standardization at the following dddresses:

la¥a 'fa VW h . 1l <1 1.1 P e LL . L1
— OU UIHIIIT DI UOWSIITE PIAUULIL dVdIldUIC dULILLDS. /7 W W W.15U.U1 £ /00D

— IEC Electropedia: available at http://www.electropedia.org/

31

transmittance

<for incident radiation of a given spectral composition, polarization and geometrical distribution> ratio
of the transmitted radiant or luminous flux to the incident flux in the given conditions

[SOURCE: IEC 60050-845:1987, 845-04-59]

© IS0 2021 - All rights reserved 1
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regular transmittance
ratio of the regularly transmitted part of the (whole) transmitted flux, to the incident flux

[SOURCE: IEC 60050-845:1987, 845-04-61]

3.3

diffuse transmittance
ratio of the diffusely transmitted part of the (whole) transmitted flux, to the incident flux

Note 1 to entry: T = 1, + 74 (see also Clause 4).

Note 2 to en
techniques u

[SOURCE: I§

3.4

internal tr4
ratio of the 1
into the layd

3.5
reflectanced

ry: The results of the measurements of 7, and 74 depend on the instruments and the meas
sed.

C 60050-845:1987, 845-04-63]

insmittance
adiant or luminous flux reaching the internal exit surface of the layet to the flux thate
r after crossing the entry surface

<for incidenf radiation of a given spectral composition, polarization and geometrical distribution>

of the reflec
[SOURCE: IH

3.6
regular ref
ratio of the 1

[SOURCE: IH
3.7

ted radiant or luminous flux to the incident flux underthe given conditions

C 60050-845:1987, 845-04-58]

Jectance
regularly reflected part of the (whole) reflected flux, to the incident flux

C 60050-845:1987, 845-04-60]

diffuse reflectance

ratio of the
Note 1 to ent

Note 2 to enf
techniques u

[SOURCE: IH
3.8

liffusely reflected part of'the (whole) reflected flux, to the incident flux
Fy: p =p, +pq (see also'Clause 4).

ry: The results of-the measurements of p,. and py depend on the instruments and the meas
bed.

C 60050¢845:1987, 845-04-62]

relative re
ratio of the

1Eectance

4 Symbols and units

For the purposes of this document, the following symbols and units apply.

A w
DS st
T tr
TI'
2

avelength, expressed in nanometres
ate of polarization

ansmittance

regular transmittance

uring

nters

ratio

uring
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T4 diffuse transmittance

T; internal transmittance

P reflectance

Pr regular reflectance

Pq diffuse reflectance

Prrel relative regular reflectance

NOTH Wherever the Greek letters, p and 7, are mistakable, T and R can be used.
5 Testsample

The

instrjuctions of the manufacturer on the test sample for normal use.

The wavelength, angle of incidence and state of polarization shall.correspond to those spe
mantifacturer for the use of the test sample.

6 Measuring apparatus

For the measurements specified in this documenty a“spectrophotometer is required. Fig:

an e

single beam, interferometer type Fourier-transform spectrophotometer (FTS). Both types
optidal radiation source, a spectral unit, a sample compartment, a detector unit and a contr

Detal

storage, cleaning and preparation of a test sample shall be carried-out in accordar

kample of a double beam, dispersive type @spectrophotometer. Figure 2 shows an ¢

iIs of the apparatus are describedinAnnex A.

ce with the

rified by the

ire 1 shows
xample of a
ronsist of an
ol unit.
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LE g S S
SC
CU
Key
OS optical radiation source B  baffle
LE lens PF polarization filter
F  filter boy CM chopper mirror
S slit TB test beam and test sample
D dispersiye element RB reference beam and reference sample
M  monochjomator DU detector unit
SC sample dompartment CU control unit
CO collecting optics
Figure 1 — Typical arrangement of a dispersive spectrophotometer
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e
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I
{-0ILD
LA
FM : FM
T,R
Key
E ¢nclosure MM moving mirror
S  dource T, R sample or reference for transmittance and reflectance
A 3perture LA-aser
BS Beam splitter LD laser detector
C dompensator plate CU control unit
AM glignment mirror D detector unit

FM focusing mirror

Figure 2 — Typical arrangement of a Fourier-transform spectrophotomete

=

7 Test conditions
7.1 | Dispersive type spectrophotometer

7.1.1 General

The Joptical*radiation source, the divergence of the beam, the beam diameter on the |sample, the
wavglength, spectral resolution, the stepping interval, the incident angle, the detector and gdny required

: 1 b 1 111 1 FRPA | g 1 PR |
numerrcarcorrectionr sitair e serected araaocunIentea:

7.1.2 Optical radiation source

The temporal variation of the intensity of the optical radiation source shall be measured and
documented. The state of polarization (p or s) of the beam shall be selected and documented.

The state of polarization of the radiation reaching the detector can be affected by reflection on
components in the reference/sample paths. It is suggested to tilt a transmitting sample by equal
amounts in orthogonal directions to check for polarization effects. The beam diameter on the sample
shall be larger than 1 mm. On the surface of the sample, the beam profile shall be smooth so that the
local peak power density does not exceed the average power density by a factor of greater than or equal
to two. The beam diameter and f-number or numerical aperture (see also 9.11) shall be documented.

© IS0 2021 - All rights reserved 5
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7.1.3 Monochromator

The type of dispersive element and its characteristics shall be documented.

Optics for blocking out higher order diffracted optical radiation shall be documented.

The spectral range and spectral resolution shall be selected in order to satisfy the specification of the
measurement and documented.

The type of spectrophotometer (single or double beam) shall be documented.

7.1.4 Detection system

An appropriate detector for the measured spectral region shall be selected and documented=Alo
detection technique is frequently used and an optical radiation chopper or a chopper mirrof jsins

in the bea
than 104 a
double aper

When an int

7.1.5 Nur

Numerical
photometrig

A spectral c
can be redu
or increasiif
bandwidth

smoothing fi

For details (

Calibration
sample (staj
ultraviolet t
specified in
1,2 um to 5

to modulate the output signal. The detection system shall have a dynamie'range gr
a deviation from linearity less than 10-2. Photometric linearity shall bé-calibrated
fure method that uses double apertures and neutral density filters(4l.

egrating sphere or a diffuser is used, it shall be documented.

nerical correction

linearity and other factors.

brrection can be applied using an appropriate wayélength standard (see 9.2). Random

g sampling time. Smoothing can be achieved by averaging data over a finite sp¢g
nfter measurement, although it will reduce the spectral resolution. The sampling timg
actors shall be documented.

n the calibration of photometric linearity, see 7.1.4.

pf the spectrophotometer can be performed by measuring the transmittance of a refej
ndard) using the method previded in 8.2.1. A reference sample for transmittance fron
b the near infrared regipn.shall be a parallel plate of fused silica with a P2 grade surfa
ISO 10110-8. Refractive-index data for undoped float-zone Si over the spectral range
5 pum, and high purity’Ge from 1,7 pm to 23 um can be used as reference standards

expanded uncertainty of the meaSurement of the transmittance of the reference sample shall be bet

0,02 % and ]
standard re

| %. This shallinglude repeatability and photometric noise, for k=2 (95 % confidence).
‘erence matérfals, which are checked at an accredited laboratory may be used.

7.2 Fourier-transform type spectrophotometer

correction can include spectral correction, averaging) ‘Smoothing, calibration of

ck-in
alled
pater
by a

the

hoise

ced by averaging or smoothing. Averaging canbe performed by repeating measurenents

ctral
b and

ence
h the
ce as
from
The
wveen
ther

7.2.1 General

The optical radiation source, sample incident beam geometry (central angle of incidence, f-number or
half-angle and spot size on the sample), the wavenumber (or wavelength) range, spectral resolution,
sampling interval, detector and numerical correction shall be selected and documented.

7.2.2 Optical radiation source

The type of optical radiation source shall be documented. The temporal variation of the intensity
of the optical radiation source, indicated by the interferogram signal level, shall be measured and
documented. If the state of polarization (p or s) of the beam is important, then the polarization shall be
controlled and documented.

NOTE The state of polarization of the radiation reaching the detector can be affected by reflection on
components in the beam path.

6 © IS0 2021 - All rights reserved
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The aperture size shall be selected to be consistent with the spectral resolution setting determined by

the o

ptical beam path difference in the interferometer.

The sample size shall be larger than the beam diameter.

7.2.3

Interferometer

The type of beam splitter/compensator plate and its characteristics shall be documented.

The type of interferometer scanning mode (continuous scan or step scan), and interferogram scanning
range (or corresponding spectral resolution) and sampling interval (or corresponding spectral range),

shall
spec

7.2.4

An appropriate detector for the measured spectral region shall be selectéd-and docuy

dete
10-2.
metH

Whe

Asp
obta

7.2.5

Num|
phot

The mmanner and parameters of phase correction (self- or reference-phase, and number of in

1 1 R B al | b 1 | b 1 h 1 1Ll 1 PR |
DT UUCTUIIICIIITU. TTIT SPCLll Al TdIIgC dlIIU SPTLLL A TTSUITULIUIT SIIdIT UT STITLLITU TIT UTUTT U

fication of the measurement.

Detection system

'tion system shall have a dynamic range greater than 103 and a deviation from linear
In contrast to a dispersive spectrophotometer, linearity cannot be,calibrated by a dou
od, and another method such as use of attenuating filters or multiplé standards shall t

h an integrating sphere or a diffuser is used, this shall be do¢umented.

hrt of the data acquisition, directly measured interferograms are processed through
n resulting spectra. For details see also ISO 19702 and Reference [6].

Numerical correction

bmetric linearity and other factors.

satisfy the

nented. The
ty less than
ble aperture
e selected.

software to

erical correction can include spectral céprection, averaging, smoothing, calibrqtion of the

terferogram

data| points), interferogram apodization and zero-filling, and spectral shift corrections shall be
documented.
A spectral correction can be applied using an appropriate wavelength standard (see 9.3),

corrg
SMoO(
whic
num
band
time

Calib
samy
Si oV

pction is directly propdrtional to wavenumber. Random noise can be reduced by 4
thing. Averaging can‘be performed by repeating measurements or increasing sar

ber of scans per.medsurement. Smoothing can be performed by averaging data over a fij
width after measurement, although it will reduce the effective spectral resolution. T
and smoothing factors shall be documented.

rationgf'the spectrophotometer can be performed by measuring the transmittance o
le (standard) using the method given in 8.2.1. Refractive index data for undope
erthe spectral range from 1,2 pm to 5,5 pm, and high purity Ge from 1,7 pm to 23

The typical
veraging or
npling time,

h is determined by’a combination of the mirror scanning speed, spectral resolution, and the

hite spectral
he sampling

Fa reference
1 float-zone
um can be

used

© ISO

as reference standards. The expanded uncertainty, including repeatability, of the transmittance
of these reference samples is from 0,3 % to 1 % including photometric noise. For longer wavelengths,
few standards are available, other than reference samples, which have been calibrated at an accredited
laboratory, such as a National Metrology Institute.
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8 Test procedure

8.1 Measurement of reflectance

8.1.1 Gen

eral

One of two types of measurement of reflectance, a direct method, or a relative method, shall be chosen.
When the relative method is used, either the regular reflectance or the relative regular reflectance is
obtained, depending on knowledge of the reference reflectance.

The inciden

ong]n shallbe selected ar‘r‘nrr]ihg tothe manufacturer'sinstructions Reflectance atn

rmal

incidence cd
shall be dod
depends on
larger than

8.1.2 Dirg

Figure 3 sh|
reflected flu

the sample
flux @, with
by the incidg
reflectance

2,

Pr:(p
1

in the case (

Pr= P

in the case (
of the referd

nnot usually be measured and an incident angle between 5° and 15° instead of 02wy
umented, is typically used. In the case of an incident angle other than 0°, the refléect
the state of polarization of the incident optical radiation, so that in the case of an
10°, the state (p or s) shall also be selected and documented.

ect measurement of regular reflectance

x @, without a sample is measured, and then in Figure 3 b) and ¢J)the reflected flux @,
s measured after changing the optical arrangement as shown. In Figure 3 d) the reflg
the sample is measured in the configuration shown on the left side of the figure, foll
bnt flux measurement in the configuration shown on the right side of the figure. The re

bf the sample is given by Formula (3):

f the arrangements shown in Figure 3 b} The regular reflectance is given by Formula

= |

f the arrangements showin'Figure 3 c), irrespective of the magnitudes of the reflect
nce mirror and other optics.

M1 M2

rhich
ance
hingle

ows three methods used for the direct measurement of reflectance. In Figure 3 aj) the

with
pcted
bwed
pular

(3)

[4):

(4)

ance

TX

——1

a) Reference measurement
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https://standardsiso.com/api/?name=17a659178bcf71967839fe0880637ceb

ISO 15368:2021(E)

b) Measurement of the sample (V-N method)
M1 M2

D

d) Measurement of the sample (goniometer method)

Key
M1 thirpord S sample
M2 :[:irror 2 D detector

R  reference mirror

Figure 3 — Direct measurement of reflectance

8.1.3 Relative measurement of regular reflectance

The relative measurement is easier than the direct measurement. An example of a reference sample
for the reflectance is an aluminium or gold mirror or a fused silica plate with a wedge angle, polished
smoothly and kept clean. Successive measurements of the reflected flux of the reference sample @,

© IS0 2021 - All rights reserved 9
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and that of a sample ®,, where the sample is substituted for the reference sample are made using the
arrangement of Figure 3 a). Then the regular reflectance of the sample is given by Formula (5):

D

Py @,

where p_ i

Pref

s the regular reflectance of the reference sample.

(5)

The value p_ is calibrated separately by a direct method given in 8.1.2 or obtained as described below.

For a low reflectance sample such as an anti-reflection coated or uncoated glass plate, the relative

measureme
laboratory d
measured, i
reflectance

refractive in

Other stand

5 used as the reference sample for the region from the ultraviolet to the near infrared
of the fused silica plate shall be numerically calculated from its refractive index
dex of the fused silica is given in Annex B.

shall be use

calibrated b([r

In the case

example, re
can cause a
the sample
not contriby

1 for wavelengths longer than 3 pm (wavenumbers less than 3 300 ¢m1); when no mat
an accredited laboratory is available.

f the measurement of the first-surface regular reflectance of atransparent glass plat
flection from the second-surface shall be eliminated. Refléetion from the second su

vedge-shaped. In this case, secondary reflections should be checked to ensure that th
te to optical radiation reaching the detector; another'method is to grind the second su

nt is recommended. In such a case, a low reflectance material calibrated by an accredited

r a fused silica plate, which is sufficiently wedged to avoid multiple reflections from b

eing
. The
The

hrd reference materials for which reliable refractive index data is availablémay be used and

erial

e, for
rface

significant error, unless eliminated. One method of elimjhating this reflection is to make

by do
rface

and coat it nt to

scatter opti

vith absorbing paint. For the infrared, grinding the back surface could be insufficig
fal radiation at long wavelengths.

ction
.

In the case
from the fir

of the measurement of the regular reflectafice of a second surface mirror, the refle
5t surface is probably not completely eliminated. In this case, a comment shall be adde

8.1.4 Measurement of relative reflectance

When a conf
the reflecta

parison of samples to a reference is of interest, as in the case of monitoring a process, but
hce of the reference samplelissunknown, the relative reflectance can be obtained throyigh a

ratio measurement identical to thatdescribed in 8.1.3, using the arrangement of Figure 3 a). Theh the
relative reglilar reflectance of the-sample is given by Formula (6):
[0)
_ 12
pr,rel _25 (6)
1
8.2 Measurementof transmittance
8.2.1 Regular transmittance

For the measurement of regular transmittance, the flux with (w) and without (wo) a sample is measured.
The ratio of the regularly transmitted flux with the sample to that without the sample gives the regular
transmittance as given by Formula (7):

(7)

The regular transmittance is affected by the reflection from the boundary surfaces. Even a sample
without any absorption or scattering has a transmittance less than 100 % (around 92 %, for a glass plate).
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8.2.2 Internal transmittance of an optical plate

In the case of an optical plate, the internal transmittance is sometimes important. For the measurement
of the internal transmittance, the reflections from the first and the second surfaces shall be
compensated. Two plates with different thicknesses, e.g. 2 mm and 12 mm, are prepared and their
regular transmittance 7., and 7., is measured. The internal transmittance 7; for a sample of 1 cm

thickness is given by Formula (8):

TrlZ
=
TrZ

(8)

The

tranf
mult
inter
tranf

How
inten
corrg

9 ¢

9.1

The

wavd
para
samy
9.2t
unce

Typi
in th
50 wy
sour

9.2

Wavq{
are g

Tab

hbove formula is valid when internal multiple reflections are ignored. For a samplejw]|
mittance, that is, of high absorptance, internal multiple reflections can be Agnho
ply reflected optical radiation is almost completely absorbed. For the sample of high trg
nal multiple reflections can also be ignored because the intensities of the multiply r
mitted optical radiation are almost the same for both 7, and 7.

bver, for the medium transmittance sample, the error caused by internal multiple refle
nal transmittance calculated by the formula reaches 0,1 %, which-ean be reduced b
bction if the reflectance and transmittance of boundary surfaces.arée known.

Common sources of error

General

primary types of error of the spectrophotometer are wavelength (or wavenur
length reproducibility, spectral resolution, fluctuation of the incident flux (optical radia
lelism of the sample, stray optical radiatiefn;linearity of the detection system, misalig}
le, inter-reflections, baseline reproducibility and beam divergence. They are briefly
b 9.11; however, it is not feasible to jndicate their combination for the evaluation of m
rtainty in a general case.

ral values of the overall photometric expanded uncertainty of the spectrophotometg
e ultraviolet and visible region (190 nm to 780 nm), and 1,3 % in the infrared region
m or 200 cm to 12 800cm1). These values assume careful attention to the potential i
ces of error and application of corrections where appropriate and feasible.

Monochromator wavelength uncertainty, reproducibility and spectral res

blength expanded uncertainty, reproducibility and spectral resolution of the typical morn

iven in Table 1.

le-1 *— Typical values for the expanded uncertainty, reproducibility and spectral

ith very low
‘ed because
nsmittance,
bflected and

ctions in the
y numerical

hber) error,
tion source),
hment of the
Hescribed in
easurement

r are 0,3 %
(0,78 um to
hstrumental

plution

ochromator

resolution

in the different cpprfral ranges

Wavelength range Expanded uncertainty | Reproducibility | Spectral resolution
190 nm to 780 nm 0,2 nm 0,1 nm 0,1 nm
780 nm to 2 500 nm 1 nm 0,5nm 0,1 nm
2500 nm to 25 000 nm (2,5 um to 25 um) 1cmlto5cm? 0,5cm?1to5cm?l 0,1 cm?to 8 cm'?

Wavelength uncertainty, reproducibility and spectral resolution shall be documented.

The wavelength scale can be calibrated by several wavelength standards such as spectral lamps and a
holmium and a didymium glass plate in the visible (380 nm to 780 nm) and near infrared (0,78 pm to
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3 um) regions. In the mid infrared region (3 pm to 50 pm), absorption spectra of polystyrene, indene,
toluene, trichlorobenzene, etc. and rotation-vibration spectra of CO,, CO, HCI, H,0, etc. are used.

NOTE

9.3

For further information regarding the spectral ranges see ISO 20473.

Interferometer wavenumber uncertainty, reproducibility and spectral resolution

The wavenumber expanded uncertainty of FTS instruments can vary between 0,01 cm™® and 2 cm? at
10 000 cml, depending on instrument design and alignment of the infrared source optical radiation with
the laser reference optical radiation (which is used to set the wavenumber scale). For FTS instruments,
the wavenumber uncertainty is typically proportional to the wavenumber value. The wavenumber

reproducibility error is typically insignificant. The spectral resolution of an FTS instrument is vay

across ara
The spectra

Numerical d
and spectrs
manufactur

The wavenu
a holmium 4
3 um) regio
infrared reg
spectra of p
H,0, HCl, et

Wavenumbeé

9.4 Fluct

Typical fluc
the environ
incident flu
be monitord
Repeated m

ge from a lower limit of between 0,01 cm™ and 4 cm™ to an upper limit of typically B2
| resolution is independent of the wavenumber value.

orrection of FTS interferograms and spectra (phase correction, apodization; zero-fi
| shift corrections; See 7.2.5 and Reference [6]) should be consistentyamong diffi
brs or organizations for reproducibility of measurements.

mber scale can be calibrated by several wavelength standards such’as spectral lamp
nd a didymium glass plate in the visible (380 nm to 780 nm) and-near infrared (0,78
ns, as well as calibrated polystyrene in the mid infrared region (3 pm to 50 pm). In thg
ion, for instruments with sufficient resolution to distinguish multiple bands, absor
plystyrene, indene, toluene, trichlorobenzene, etc. and rotation-vibration spectra of CO
. are used.

r uncertainty, reproducibility (if significant) and@pectral resolution shall be documen

pation of the incident flux

fuation of the optical radiation source‘depends on the stability of the electric sourcg
mental condition. In the case of the single beam spectrophotometer, the fluctuation d
t shall be monitored. In the case©f;the double beam spectrophotometer, the fluctuatio
d and compensated by the reference beam. Another monitoring system can also be

Pasurements can be used toweharacterize the effects of fluctuations.

9.5 Parallelism of the sample

In the case
primary int
for the mea
total reflect]
an averagin

In the case

of the measurement of regular reflectance, the reflectance of a single surface is oft
brest. In such.@ case, reflection from the other surface shall be eliminated, as for exaj
surement of dn anti-reflection coating or a semi-transparent mirror. In contrast, whe
ance is of interest, collection of the additional reflections shall be included. In such a
b sphere-can prove useful to obtain complete collection of all reflections.

pfthe measurement of transmittance, the measured value can depend on the wedge

iable
cm-L.

lling,
brent

c and
m to
r mid
btion
b, CO,

ted.

and
f the
 can
1sed.

en of
mple,
h the
case,

ingle

between thefirstandsecondsurfaces—Whenrthe aaluplc sturfacesare pat attel; lllu}tip}C'l eftectedb
from both surfaces are collected by the detector. The error caused by these beams can be numerically
corrected if the reflectance and transmittance of both surfaces are known. On the other hand, when an
appropriate wedge angle is used, any multiple-reflected beam from both surfaces is not collected by the

detector. As

for reflectance, an averaging sphere can prove useful.

When a wedge angle is used, it shall be documented.

NOTE

12

See also IS0 9211-2:2010, 8.1.2, 8.2.2 and Annex A.

cams
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Monochromator stray optical radiation

There are two types of stray optical radiation: heterochromatic and homochromatic. Heterochromatic
stray optical radiation originates inside the monochromator. Homochromatic stray optical radiation
originates from the reflection from the optics, the sample and the detector.

A good monochromator has low heterochromatic stray optical radiation, typically 0,000 1 % in the
ultraviolet and visible regions, and 0,1 % in the near infrared region.

9.7

Linearity of the detection system

Calib
nonl
with
depe
MCT

9.8

Inter
COTT¢

Forn
radid
tilted

For |
dete
insuf
flux
tranf
in ui
redu
is de

9.9

nearity can result in false signals at wavenumbers that are multiples of the styo
n the measured spectra. Pyroelectric detectors are generally very linear bugyalso {
ndent, and benefit from temperature stabilization. Photo-conductive detectons includ
detectors can exhibit significant non-linearity at high signal levels.

Inter-reflections

-reflections between the multitude of components within the instruments can result
b sponding uncertainty.

honochromator instruments, in the case of the measurementof transmittance, the reflg
tion from the sample causes stray optical radiation er a ghost. To reduce it, the san
| slightly in relation to its nominal position (perpendigular to the beam).

‘TS instruments, where the solid angles of foetised beams at the source, aperture,
‘tor are typically greater than in monochromator systems, small tilts of the sample 4
ficient to completely remove inter-reflections. This is a consequence of the need to m

mittance and reflectance values, unexpected interference structure in spectra, and fal
expected locations in spectra (du€_to double modulation by the interferometer). Ap

cribed in A.3.5.

Misalignment of thé sample

bea
repr
and 4

Thic])
errof

nce of misalignmient of the sample depends on the characteristics of the detecto

Influ
testrfeam is shifted értilted by a misalignment of the sample, the angle or the position of

changes and-\the sensitivity of the detector can change. To eliminate this error af
ducibility ef‘the measured value, an appropriate positioning device shall be used [s¢
\.3.6].

k and/or high index samples can axially displace the focus on the detector
n€ous result. This is particularly the case where small detectors are used, as in so

ration and testing of linearity of the detection system 1s described 1n 7.Z.4. In F15 Instruments,

gest signals
emperature
ng InSb and

in error and

cted optical
Iple shall be

sample and
ire typically
aximize the

hvailable for sufficient signal-to-noise in-the infrared. Effects of inter-reflections inclyde elevated

se structure
proaches to

ce the inter-reflections include theuse of half-beam blocks or half-field stops, an examjple of which

. When the
the incident
d to assure
e also A.2.4

causing an
me infrared

spec
used

[TOpNOTOMEtersS. 1 he effect 15 exacerbated by exXIreme off-axis detection System op
in certain instruments.

9.10 Monochromator baseline reproducibility

ics that are

Reproducibility and noise level of the baseline (100 % transmittance level) is between 0,3 % and

+0,5

% in the visible and near infrared spectral regions.

9.11 Beam divergence

The typical beam divergence of monochromator instruments is less than 5°. For FTS instruments, within
the interferometer, the beam divergence will vary with source aperture size, resulting in a limitation to
the spectral resolution as well as causing a spectral shift, which can be corrected for. Therefore, the FTS
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aperture size shall be documented. For FTS instruments, at the sample, the beam is typically focused
to maximize the signal-to-noise ratio with f-numbers that can be as low as 3, equivalent to a maximum
incident angle of 18°.

10 Testreport

The test report shall include the following information:

a)

b)

d)

14

Information on the test organization:

1) Tes
2) Dat

ting organization;

e of test;

3) Examiner.

Informd

tion about the test sample:

1) Manufacturer of the sample;

2) Spe
3) Spe
pol

4) Par
Informd

1) Tes

cifications of the manufacturer for storage and cleaning;

cifications of the manufacturer for normal use (spectrak characteristics, wavele
rization, angle of the incident flux, purpose of use);

t identification code, date of production.
tion about the test:

[ equipment [type of spectrometer (singlecor double beam, monochromator or Foy

hgth,

rier-

trapsform), optical radiation source, higher order suppression, beam splitter, detector, with or

wit
2) Tes

intd
of s

3) Par
nur

4) Err
phd
par
(md

5) Env
vac

hout integrating sphere or diffuser, detéction system];

I conditions [incident angle, spectral range, stepping interval (monochromator),
rval (FTS) spectral resolution, polarization, beam diameter, beam divergence, edge
hmple (if it is large)];

hmeters of the detection-system (scanning speed, sampling time or number of s
herical filtering, averaging and smoothing factors);

br budgets for ;wavelength and photometric uncertainty [wavelength reproducil
tometric reproducibility, fluctuations of incident flux (optical radiation sot
hllelism of the-sample, stray optical radiation, detector linearity, baseline reproduci
nochromator), alignment, uncertainty of the reference sample, etc.]

ironmental conditions (temperature, degree of cleanness when a cleanroom is
Ll or purge gas).

data
ingle

cans,

ility,
Irce),
bility

ised,

Results:

A graph

and/or a table of spectral characteristics of the sample.

A reference to this document, i.e. ISO 15368:2021.
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Annex A
(informative)

Spectrophotometers

General

This
to 50

A2
Typi
A.2.

AD,
(halg
a Gld
2,54

A.2.]

The
betw
of re

meas
the 14

The

annex describes spectrophotometers used in the spectral range of 190 nm to 50 090"
um; 52 600 cm! to 200 cm').

Dispersive type spectrophotometer

ral components of the spectrophotometer (see Figure 1) are as follows,

| Optical radiation source

(deuterium) lamp is used in the ultraviolet spectral regién)from 0,19 um to 0,35 pm
gen) lamp in the ultraviolet, visible and near infrared spéctral regions from 0,25 pm
bar (SiC) or Nernst Glower (helically wound nichromewire) in the infrared spectral
m to 50 pm.

A

Monochromator

monochromator is set between the optical radiation source and the sample comj
een the sample compartment and the*detector unit. The former arrangement has th
ducing the radiant heat incident.onjthe sample. The latter arrangement is used in
urement of a fluorescent sampleor'the case using a linear array sensor. In the mid inff
itter arrangement is also used forreducing heat radiation from the sample incident on {

lispersive element is a diffraction grating (0,19 pum to 50 pm), a glass prism (0,4 um

hm (0,19 um

, a tungsten
to 3 um and
region from

bartment or
e advantage
the case of
ared region,
he detector.

to 2 um), a

fused silica prism (0,19 pm to)3 um) or a KBr prism (2,0 um to 25 pm). For blocking the higher order

optid
the u

For
mon

A.2.]

al radiation diffractéd)from a grating, an auxiliary prism or an absorption filter (a g
Itraviolet and visible'region and an interference filter in the infrared region) is used.

fhe measurement of high spectral resolution and/or low stray optical radiatio
pchromatorsis recommended.

8 Sample compartment

The

lass filter in

n, a double

sample compartment has collecting optics, a polarization filter, a chopper (or a chop

per mirror),

test and reference beams, and baffles.

A.2.3.1 Collecting optics

Collecting optics are lenses or mirrors. Lenses often have the advantage of less aberration, whereas
mirrors have the advantages of no chromatic aberration and less stray optical radiation.

A.2.3.2 Chopper

A chopper is used for lock-in detection. A chopper mirror can be used for both lock-in detection and
switching of a test and a reference beam.

© ISO
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A.2.3.3 Polarization filter

A polarization filter is inserted when the reflectance at a large incidence angle (larger than 10°) is
measured. In the spectral range between 0,22 pm and 2,3 pm, a polarizing prism made of birefringent
crystal is available. In the spectral range between 0,28 um and 2,0 pm, a polarization filter made of
a sheet polarizer is convenient. Beyond 2,0 pum, wire grid polarizers are used, with spectral ranges

depending on the grid spacing and substrate materials used, out to 50 um.

A23.4 Te

st and reference beam

The spectrophotometer is divided into two types; a single beam and a double beam (i.e. separate test

and referen
optical radij

When a low
into the refe

A.2.3.5 B4

In order to
usually use(
exit slitor t
sample or, if

A.2.4 Det

Ce beams). The double beam type has the advantage of compensating fluctuations_d
tion source.

transmittance or reflectance sample is measured, a neutral density filter can bé ins{
rence beam to balance the signal intensity.

ffle

thape and collimate the beam and to eliminate stray optical radiation, several baffle
| together with collecting optics. The baffle is usually placed ofiythe plane conjugate t
b the plane of the dispersive element of the monochromateiyand is usually focused o
possible, on the detector.

pctor unit

f the

brted

S are
b the
h the

A photomultiplier or a silicon photodiode is used in the<ultraviolet and visible regions, a silicon

photodiode,
wavelength
region from

The sensiti
and polariz
transmittan
then largely|

A.2.5 Conftrol unit

Most photo
Lock-in det
scanning of
the intensit
displaying d
photometrid

a germanium photodiode or an uncooled or €ooled (reduced thermal noise) PbS cell i
region from 1 pum to 3,3 pm, and a thermogouple or vacuum thermopile in the wavelg
2,5 pm to 50 pm.

vity of most detectors, especially,"photomultipliers, depends on the angle, pog
htion of the incident beam. To feduce this dependence, an integrating sphere or a
ce or reflectance diffuser is installed in front of the detector. The magnitude of the sig
reduced.

meters use lock-inndetection, computer-controlled operation and numerical correct
ection greatly neduces photometric noise. Computer controlled operation can in
the wavelefgth, controlling of the sensitivity of the detector, calculation of the rat
es of the-test and the reference beam, calculation of the transmittance or reflectancg
f the datal Numerical correction can include spectral correction, averaging, calibrati
linearity and others.

n the
ngth

ition
high
hal is

ions.
rlude
io of
b and
pn of

A.3 Fourier-transform type spectrophotometer

A.3.1 General

In the spectral range between 2,5 um and 50 pm (4 000 cm™ and 200 cm™), an FTS is widely used, and
often as well in the spectral range between 1 pm and 2,5 pm (10 000 cm'! and 4 000 cm™1). The detected
signal is obtained as an interferogram, with the interferometer’s optical path difference (cm) as the
independent variable. Applying a Fourier transform to the interferogram results in a spectrum as a
function of wavenumber (cm1).

Typical components of the spectrophotometer (Figure 2) are as follows. In addition to the brief details
described below, ISO 19702 provides further details of Fourier-transform spectrophotometers and the
related spectral calculations processes, including terminology.
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