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THE INTERNATIONAL COMMISSION ON ILLUMINATION

The International Commission on Illumination (CIE) is an organization devoted to international co-operation and exchange
of information among its member countries on all matters relating to the art and science of lighting. Its membership
consists of the National Committees in about 40 countries.

The objectives of the CIE are:
1. To provide an international forum for the discussion of all matters relating to the science, technology and art in the
fields of light and lighting and for the interchange of information in these fields between countries.

2. To develop basic standards and procedures of metrology in the fields of light and lighting.

3. To provide guidance in the application of principles and procedures in the development of international and national
standards in the fields of light and lighting.

4. To prepare and publish standards, reports and other publications concerned with all matters relating to the science,
technology and art in the fields of light and lighting.

5. To maintain liaison and technical interaction with other international organizations concerned with matters related to

the science, technology, standardization and art in the fields of light and lighting.

The work of the CIE is carried out by Technical Committees, organized in seven Divisions. This work covers subjects
ranging from fundamental matters to all types of lighting applications. The standards and technical reports developed by
these international Divisions of the CIE are accepted throughout the world.

A plenary session is held every four years at which the work of the Divisions and Technical Committees is reported and
reviewed, and plans are made for the future. The CIE is recognized as the authority on all aspects of light and lighting.
As such it occupies an important position among international organizations.

LA COMMISSION INTERNATIONALE DE L'ECLAIRAGE

La Commission Internationale de I'Eclairage (CIE) est une organisation qui se donne pour but la coopération
internationale et I'échange d'informations entre les Pays membres sur toutes les questions relatives a I'art et a la science
de I'éclairage. Elle est composée de Comités Nationaux représentant environ 40 pays.

Les objectifs de la CIE sont :

1. De constituer un centre d'étude international pour toute matiére relevant de la science, de la technologie et de I'art
de la lumiére et de I'éclairage et pour I'échange entre pays d'informations dans ces domaines.

2. D'élaborer des normes et des méthodes de base pour la métrologie dans les domaines de la lumiere et de
I'éclairage.

3. De donner des directives pour l'application des principes et des méthodes d'élaboration de normes internationales
et nationales dans les domaines de la lumiéere et de I'éclairage.

4. De préparer et publier des normes, rapports et autres textes, concernant toutes matiéres relatives a la science, la
technologie et I'art dans les domaines de la lumiére et de I'éclairage.

5. De maintenir une liaison et une collaboration technique avec les autres organisations internationales concernées
par des sujets relatifs & la science, la technologie, la normalisation et I'art dans les domaines de la lumiére et de
I'éclairage.

Les travaux de la CIE sont effectués par Comités Techniques, organisés en sept Divisions. Les sujets d'études
s'étendent des questions fondamentales, a tous les types d'applications de I'éclairage. Les normes et les rapports
techniques élaborés par ces Divisions Internationales de la CIE sont reconnus dans le monde entier.

Tous les quatre ans, une Session pléniére passe en revue le travail des Divisions et des Comités Techniques, en fait
rapport et établit les projets de travaux pour l'avenir. La CIE est reconnue comme la plus haute autorité en ce qui
concerne tous les aspects de la lumiére et de I'éclairage. Elle occupe comme telle une position importante parmi les
organisations internationales.

DIE INTERNATIONALE BELEUCHTUNGSKOMMISSION

Die Internationale Beleuchtungskommission (CIE) ist eine Organisation, die sich der internationalen Zusammenarbeit und
dem Austausch von Informationen zwischen ihren Mitgliedsléandern beziglich der Kunst und Wissenschaft der Lichttechnik
widmet. Die Mitgliedschaft besteht aus den Nationalen Komitees in rund 40 Landern.

Die Ziele der CIE sind:

1. Ein internationales Forum fur Diskussionen aller Fragen auf dem Gebiet der Wissenschaft, Technik und Kunst der
Lichttechnik und fur den Informationsaustausch auf diesen Gebieten zwischen den einzelnen Landern zu sein.

2. Grundnormen und Verfahren der Messtechnik auf dem Gebiet der Lichttechnik zu entwickeln.

3. Richtlinien fur die Anwendung von Prinzipien und Vorgangen in der Entwicklung internationaler und nationaler
Normen auf dem Gebiet der Lichttechnik zu erstellen.

4. Normen, Berichte und andere Publikationen zu erstellen und zu veroffentlichen, die alle Fragen auf dem Gebiet der
Wissenschaft, Technik und Kunst der Lichttechnik betreffen.

5. Liaison und technische Zusammenarbeit mit anderen internationalen Organisationen zu unterhalten, die mit Fragen
der Wissenschaft, Technik, Normung und Kunst auf dem Gebiet der Lichttechnik zu tun haben.

Die Arbeit der CIE wird durch Technische Komitees geleistet, die in sieben Divisionen organisiert sind. Diese Arbeit
betrifft Gebiete mit grundlegendem Inhalt bis zu allen Arten der Lichtanwendung. Die Normen und Technischen Berichte,
die von diesen international zusammengesetzten Divisionen ausgearbeitet werden, sind auf der ganzen Welt anerkannt.
Alle vier Jahre findet eine Session statt, in der die Arbeiten der Divisionen berichtet und Uberprift werden, sowie neue
Plane fur die Zukunft ausgearbeitet werden. Die CIE wird als hochste Autoritat fur alle Aspekte des Lichtes und der
Beleuchtung angesehen. Auf diese Weise unterhalt sie eine bedeutende Stellung unter den internationalen
Organisationen.
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This Technical Report has been prepared by CIE Technical Committee 2-47 of Division 2
"Physical Measurement of Light and Radiation” and has been approved by the Board of
Administration as well as by Division 2 of the Commission Internationale de I'Eclairage for
study and application. The document reports on current knowledge and experience within the
specific field of light and lighting described, and is intended to be used by the CIE
membership and other interested parties. It should be noted, however, that the status of this
document is advisory and not mandatory.

Ce rapport technique a été élaboré par le Comité Technique CIE 2-47 de la Division 2
"Mesures Physiques de la Lumiéere et des Radiations" et a été approuvé par le Bureau et
Division 2 de la Commission Internationale de I'Eclairage, pour étude et emploi. Le document
expose les connaissances et I'expérience actuelles dans le domaine particulier de la lumiere
et de I'éclairage décrit ici. Il est destiné a étre utilisé par les membres de la CIE et par tous
les intéressés. Il faut cependant noter que ce document est indicatif et non obligatoire.

Dieser Technische Bericht ist vom Technischen Komitee CIE 2-47 der Division 2
"Physikalische Messungen von Licht und Strahlung” ausgearbeitet und vom Vorstand sowie
Division 2 der Commission Internationale de I'Eclairage gebilligt worden. Das Dokument
berichtet Giber den derzeitigen Stand des Wissens und Erfahrung in dem behandelten Gebiet
von Licht und Beleuchtung; es ist zur Verwendung durch CIE-Mitglieder und durch andere
Interessierte bestimmt. Es sollte jedoch beachtet werden, dass das Dokument eine
Empfehlung und keine Vorschrift ist.

Any mention of organizations or products does not imply endorsement by the CIE. Whilst
every care has been taken in the compilation of any lists, up to the time of going to press,
these may not be comprehensive.

Toute mention d'organisme ou de produit n'implique pas une préférence de la CIE. Malgré le
soin apporté a la compilation de tous les documents jusqu'a la mise sous presse, ce travail ne
saurait étre exhaustif.

Die Erwdhnung von Organisationen oder Erzeugnissen bedeutet keine Billigung durch die
CIE. Obgleich gro3e Sorgfalt bei der Erstellung von Verzeichnissen bis zum Zeitpunkt der
Drucklegung angewendet wurde, besteht die Moglichkeit, dass diese nicht vollstandig sind.

© CIE 2016 - All rights reserved
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CHARACTERIZATION AND CALIBRATION METHODS OF UV RADIOMETERS
Summary

This technical document prepared by CIE Technical Committee TC 2-47 describes quality
indices for UV radiometers, which are helpful for manufacturers and users to characterize
instruments on a common basis. To harmonize CIE documents, the quality indices described
in this document relate to the quality indices described in Joint ISO/CIE International Standard
ISO/CIE 19476:2014(E) (formerly CIE S 023/E:2013), and references are made to those
where applicable.

Different from photometers, the subject of ISO/CIE 19476:2014(E), UV radiometers may be
designed for various actinic spectra and different spectral ranges. Therefore, instead of only
one defined reference-spectrum source (CIE Source A) used in ISO/CIE 19476:2014(E) three
reference-spectrum sources are proposed in this document to support the generic spectral
characterization of UV radiometers for various applications. The defined spectra of reference
sources for the characterization of UV radiometers are given in Annex A.

This document also describes source-based and detector-based methods along with
measurement conditions and limiting boundary conditions for the calibration of UV
radiometers used for laboratory as well as industrial applications.

CARACTERISATION ET METHODES D'ETALONNAGE DE RADIOMETRES UV
Résumé

Ce rapport technique, utile autant aux fabricants qu'aux utilisateurs, a été élaboré par le
comité technique TC 2-47 de la CIE et décrit, sur une base commune, les caractéristiques
des radiométres UV. Afin d'harmoniser les documents de la CIE, les caractéristiques décrites
dans le présent document se rapportent a la norme internationale commune ISO/CIE
19476:2014(E) (anciennement CIE S 023/E:2013) a laquelle il est fait référence a chaque fois
qu'elle est applicable.

Contrairement aux photomeétres qui eux sont décrits dans la norme ISO/CIE 19476:2014(E),
les radiométres UV peuvent étre concus pour différents spectres actiniques et différentes
étendues spectrales. Plutét que d'utiliser la seule source de spectre de référence (illuminant
A de la CIE) définie, le présent rapport propose trois sources de spectre de réference afin de
contribuer a la caractéristaion spectrale générale des radiométres UV pour diverses
applications. Les spectres de référence définis pour la caractérisation de radiomeétres UV sont
listés dans l'annexe ci-jointe.

Le présent rapport décrit en outre des procédés reposant d'une part sur le récepteur, d'autre
part sur I'émetteur de rayonnement, ainsi que les conditions de mesures et les conditions
secondaires restrictives pour I'étalonnage de radiometres UV utilisés en laboratoire ou dans
des applications industrielles.

CHARAKTERISIERUNG UND KALIBRIERMETHODEN VON UV-RADIOMETERN
Zusammenfassung

Dieser fur Hersteller und Anwender nutzliche technische Bericht wurde vom Technischen
Komitee TC 2-47 der CIE ausgearbeitet und beschreibt auf einer gemeinsamen Grundlage die
Kennzahlen fur UV-Radiometer. Zur Harmonisierung der CIE Dokumente beziehen sich die in
diesem Dokument beschriebenen Kennzahlen auf den gemeinsamen internationalen ISO/CIE
Standard ISO/CIE 19476:2014(E) (ehemals CIE S 023/E:2013), und auf den, wo immer
anwendbar, referenziert wird.
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Im Gegensatz zu Photometern, die in ISO/CIE 19476:2014(E) beschrieben werden, kénnen
UV-Radiometer fur verschiedene aktinische Spektren und unterschiedliche spektrale Bereiche
konstruiert sein. Daher werden in diesem Bericht anstelle der einen definierten
Referenzspektrum-Quelle (CIE Normlicht A), wie sie in ISO/CIE 19476:2014(E) verwendet
wird, drei Referenzspektrum-Quellen vorgeschlagen, um die allgemeine spektrale
Charakterisierung von UV-Radiometern fiir verschiedene Anwendungen zu unterstiitzen. Die
definierten Referenzspektren fir die Charakterisierung von UV-Radiometern sind im Anhang
aufgefihrt.

Dieser Bericht beschreibt auBerdem empfanger- und strahlerbasierte Verfahren einschlieflich
der Messbedingungen und einschrdnkenden Randbedingungen fur die Kalibrierung von UV-
Radiometern, die im Labor und in industriellen Anwendungen eingesetzt werden.
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1 Introduction

1.1 Objectives

Broadband ultraviolet (UV) radiometers (also called integral measuring UV radiometers) are
widely used for measuring UV irradiance or radiant exposure in various industrial, medical,
environmental, health and other applications. The accuracy or uncertainty of measurement
achievable using these types of radiometers is influenced by many factors, such as the
characteristics of the radiometer, operating conditions, environmental conditions and the
characteristics of the UV sources that are used to calibrate the radiometer and those that are
measured. In particular, the lack of spectral resolving power means that significant
measurement errors may occur unnoticed if the radiometer used has a poor match to the
intended spectral sensitivity function and/or is not correctly calibrated or used. This has
frequently appeared to be the case in the past and problems so caused have raised serious
concern. The purpose of this document is to

e give clear definitions for the individual characteristics which can be used for evaluating the
performance of broadband UV radiometers;

e recommend methods for the characterization of these radiometers;
¢ recommend methods for the calibration of these radiometers;

e provide guidelines for the selection and correct use of these radiometers.

This document may be used as a guide for
e manufacturers, in developing good quality UV radiometers;

e calibration laboratories, in performing calibration of these radiometers in a standardized
and comparable way;

e users, in the appropriate use of these radiometers to get correct and consistent
measurement results for their applications.

For manufacturers and advanced laboratories which are performing a rigorous calibration on a
UV radiometer, this document specifies in 6.4 how to perform a full calibration. For public
testing laboratories Clause 6.5 specifies how to perform a limited calibration on a UV
radiometer for industrial purposes.

1.2 Scope

The UV radiometers considered in this document are restricted to those designed for the
wavelength range from 200 nm to 400 nm, i.e. in the spectral bands of UV-A (315 nm to
400 nm), UV-B (280 nm to 315 nm) and part of UV-C (200 nm to 280 nm). The radiation to be
measured is also restricted to that from artificial UV sources only. Radiometers used for solar
UV measurement are excluded since many additional requirements are important due to the
special features of the source (the sun) and changing environmental, weather and geometrical
conditions often encountered during measurements. There are already other parties such as
the World Meteorological Organization dealing with this issue.

NOTE 1 Although some UV radiometers work outside of the specific ranges defined above, they can
be treated in the same way as discussed in this document.

NOTE 2 Spectrally resolving instruments like spectroradiometers are not discussed in this document
but will be dealt with in a future CIE Technical Report, currently prepared by CIE TC 2-51.

2 Definitions (General)

For the purposes of this document the following terms and definitions, partly adopted from the
ILV (CIE, 2011a), apply.

2.1
radiometer
instrument for measuring radiometric quantities

[SOURCE: CIE S 017/E:2011, term 17-1031]
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Note 1 to entry: The radiometric quantities measured may be irradiance, radiance, radiant exposure
or radiant power (radiant flux) and these are evaluated over a certain spectral range
defined by the responsivity of the radiometer. It usually consists of a radiometer
head, an electronic signal converter and an output (display) device. This document is
applicable to radiometers for the measurement of UV irradiance and UV radiant
exposure.

2.2

UV radiometer

instrument for measuring the total (spectrally-weighted and integrated) radiation, either
irradiance or dose (radiant exposure, time-integrated) over a limited spectral band in the
ultraviolet region from an artificial source of optical radiation

Note 1 to entry: A UV radiometer may be used to measure radiation from a broadband UV source,
such as a high-pressure mercury (Hg) arc lamp or a xenon (Xe) arc lamp, or from a
line source such as a low-pressure Hg arc lamp, whose spectrum is concentrated
essentially in a single wavelength at about 365 nm, or from UV light emitting diodes
(UV-LEDs).

2.3

reference UV radiometer

UV radiometer which is mainly used as a reference standard for calibration of the responsivity
of a device under test (DUT) UV radiometer according to a defined action spectrum

Note 1 to entry: The spectral responsivity of a reference UV radiometer should be matched as closely
as possible to the action spectrum of interest.

2.4

radiometer head

part of a radiometer containing detector(s) and other components such as filter, diffuser,
aperture and attenuator for spectral and spatial corrections of the UV detector

Note 1 to entry: The radiometer head may also include an electronic signal converter and amplifier.

2.5
detector (of optical radiation)
device in which incident optical radiation produces a measurable physical effect

[SOURCE: CIE S 017/E:2011, term 17-296]

2.6
spectral distribution

X;(2)
quotient of the radiant quantity dX(4) contained in an elementary range, dA, of wavelength at
the wavelength, 4, by that range

dXx (4
2(4) :—( )
di
[SOURCE: CIE S 017/E:2011, term 17-1213, modified: “or luminous or photon ” omitted]

(0)

Examzple: 'll'he spectral distribution of irradiance is called “spectral irradiance distribution” and is expressed in
W-m*“-nm™.

Note 1 to entry:  Although often interpreted as a ratio of quantities, the physical meaning of X,(4) is
that of a distribution of the spectral densities of a quantity, i.e. a derivative of the
quantity with respect to wavelength. The spectral distribution X,(1) of a radiant
quantity X represents the absolute spectral values of the radiation emitted by a
source.

Note 2 to entry: Different to the notation in the ILV (CIE, 2011a, term 17-1084), the relative spectral
distribution S(1), which is the ratio of the spectral distribution X,(1) of a radiant
quantity X(1) of a source to a fixed reference value R=X,, is named X, (4) to

distinguish more clearly between relative and absolute spectral quantities throughout
this document.
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2.7
action spectrum
Aact (1)

function representing the relative spectral effectiveness of optical radiation, for a specified
actinic effect, in a specified system; also referred to as: actinic spectrum efficiency of equal
intensities of monochromatic radiation for producing that phenomenon in that system as a
function of wavelength

[SOURCE: CIE S 017/E:2011, term 17-17]

Note 1 to entry: The action spectrum is essentially a spectral weighting function with a peak value of
unity. The subscript “act” specifies the actinic effect.

Note 2 to entry: The action spectrum is dimensionless (of unit 1). If not stated otherwise, it is
normalized to its maximum.

Note 3 to entry: An action spectrum usually describes an actinic effect of radiation on radiant
sensitive surfaces or bodies like skin, human eye, retina, etc. It does not necessarily
describe a biological effect but can also represent other standardized functions such
as the rectangular function of a radiometric interval (e.g. UV-A, UV-B, UV-C) (DIN
2011), with A(4) = 1 within the respective interval and Aact(4) = 0 outside that interval.

2.8
effective radiant quantity

Xact
radiant quantity weighted by the action spectrum of the phenomenon of concern

Note 1 to entry: The effective radiant quantity X,.. (which can be the effective irradiance E,, or the
effective radiant flux @,.) of a source in terms of an action spectrum A, can be

expressed as X, =K -J.XA (1)-Ag(2)-da, (1)
0

where X,(4) is the spectral distribution of the radiometric quantity (E,(1) for spectral
irradiance and @,(4) for spectral radiant power, respectively) produced by the
source. A, (4) is the action spectrum function of the phenomenon of concern, and K

is the actinic efficacy. The dimension and value of K may depend on the actinic
function of interest, but in most cases K is set to unity.

2.9
effective radiant exposure

Hact
time integral of the effective irradiance, E,y, over the period of exposure time, t

Hact = _[ Eact (t)'dt (2

2.10
spectral responsivity

5(4)
quotient of the detector output, dY(4), by the monochromatic detector input, dX,(1)=X, ,(1)d4,
in the wavelength interval, d4, as a function of wavelength, 4
dy (4
s(2)= -S4 ©)
0¥ (2)

[SOURCE: CIE S 017/E:2011, term 17-1229]

Note 1 to entry: The spectral responsivity may also depend on the spectral radiant quantity level. The
subscript “e” to emphasize radiometric quantities is omitted elsewhere within this
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Note 2 to entry: The relative spectral responsivity, s, (4), is the ratio of the spectral responsivity, s(4),

to a given reference value, e.g. its peak value, s,, at the wavelength of peak
response, 1y, and consequentially:
s(2) =50 Srer(2) (4)
where s(1) is normalized at 4,. The units of s, and s(1) depend on the measured input
quantity (e.g. irradiance or radiant flux) and the detector output quantity (e.g. current,
voltage or count rate). Therefore, the unit of the spectral responsivity may be for
example [A~W_1-m2] in case of spectral irradiance responsivity or [A-W_1] in case of
spectral radiant flux responsivity.

Note 3 to entry: A UV radiometer is usually designed to measure effective irradiance and/or effective
radiant exposure according to a specific action spectrum. This requires the relative
spectral responsivity of its radiometer head to match the action spectrum of concern,
i.€. S (4) Ager(4)-

2.11
effective responsivity
SX,act
quotient of the output signal, Y, of a radiometer head by the effective radiant quantity, X, as
input signal
Y

SXact =3 ®)

Xact
Note 1 to entry: The output signal, Y, of a UV radiometer is expressed by:

Y = [ X (2)s(2)dz, (6)
0

where X,(1) is the spectral distribution of the radiant input quantity and s(4) is the
spectral responsivity of the detector. The effective radiant quantity, X,., as input
signal is expressed according to Equation (1) in 2.8.
The effective responsivity thus can be expressed by

Tx,l(/l)-srel (2)dA

So
Sx.,act = ? ’ ()

'Txl(,z)-Aact (2)da

where s, is the peak value of the spectral responsivity, K is the actinic efficacy, X (1)
is the spectral distribution of the radiant input quantity, s, (A1) is the relative spectral
responsivity of the detector and A, (1) is the action spectrum of the phenomenon of
concern.

Note 2 to entry: Depending on the type of radiometer, the unit of the spectral responsivity s(1) in
Equation (6) is given either by the responsivity of the radiometer head or by the total
responsivity of the UV radiometer (including amplifier and display components). No
distinction with respect to this will be made in the document.

Note 3 to entry: The calibration of a UV irradiance radiometer requires the determination of its
effective responsivity, sy -

Note 4 to entry: From Equation (6) it follows that, if the relative spectral responsivity of the UV
radiometer being used is not exactly equal to the relative distribution of the actinic
action spectrum, then the effective responsivity strongly depends on the relative
spectral distribution of the source used to produce the radiometric quantity X. This
has to be considered especially if the source used during the calibration differs from
the reference sources defined for the calibration of the UV radiometer or if the source
being measured in the field differs from the source that was used to calibrate the
instrument. In this case, the effective responsivity for the designated calibration
source must be given together with the spectral mismatch correction factor for the
source of interest (see 4.3).
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2.12

calibration source

source used to produce the required radiant quantity X (irradiance, radiance or radiant power)
at the radiometer head during a source-based quasi-monochromatic or direct broad-band
calibration

Note 1 to entry: A calibration source has to be stable with respect to its electrical operating condition
and its optical output. Spectral changes of the calibration source should be negligible
(i.e. significantly below the expected uncertainty of the measurements) during the
period of time used for and in between calibration. If a calibration source is used for
the direct calibration of a UV radiometer against the source, its effective radiant
guantity X, (see 2.8) should be known and reproducible.

Note 2 to entry: Where applicable, the calibration source should match as close as possible the
source used in the final application of the UV radiometer. If used for the calibration of
UV detectors for a defined action spectrum but arbitrary applications, the spectral
distribution of the calibration source should cover the whole spectral range of
interest. In this case and if possible, the spectral distribution of the calibration source
should be close to that of the reference-spectrum source (see 2.13) for the action
spectrum of interest to minimize spectral mismatch.

2.13

reference-spectrum source

specific source, represented by an idealized spectrum of a real source or a theoretical
spectral distribution, which is designated for a specific action spectrum and is stated as a
nominal source to which the actinic responsivity of a UV radiometer should generally be
referred

Note 1 to entry: Depending on the action spectrum, the reference-spectrum source can be either
represented by an idealized spectrum of a real source (which is most often used for
the actinic function of interest) or as a theoretical spectral distribution, given in
tabulated form or as a mathematical function (see Annex A.1). A reference-spectrum
source is intended for the general evaluation of the effective responsivity of a
particular UV radiometer that is used to perform measurements with the related action
spectrum. It is an application-source independent reference. In Annex A.1 the relative
spectral distribution of a reference-spectrum source X g o(4) is given normalized to
one.

Note 2 to entry: Reference-spectrum sources with defined spectral distributions allow the overall
effective responsivity of a UV radiometer to be quantified and are useful for
comparisons between different UV radiometers.

Note 3 to entry: More than one reference-spectrum source may be used in conjunction with a single
actinic spectrum.

Note 4 to entry: The reference-spectrum source, which allows the broad band characterization of a
UV radiometer, must be distinguished from a calibration source. For example, a low
pressure mercury lamp is often used as a calibration source to calibrate detectors in
the field of water disinfection in combination with the microbicidal action
spectrum A,.(4). Although the spectral range of the action spectrum is defined over a
broader wavelength range, only the 253,65 nm line of the mercury lamp is used to
measure the effective responsivity of the used UV radiometers for this spectrally
limited line. This determines a calibration value for the corresponding UV radiometer
under a certain working condition, without information about the spectral match of the
detector with respect to the actinic function. However, in the special application of
water disinfection low pressure mercury lamps are also used as radiation sources, so
it is evident to use this type of lamps also as calibration source. But, to determine a
unique number for the spectral mismatch with respect to the actinic function of the
used UV radiometer according to 4.3, a defined broad-band reference-spectrum
source should be used.

3 Quality indices

The following quality indices for UV radiometers are used to characterize their performance.
They are properties of the UV radiometer, and are not intended to be used for calculations of
measurement uncertainty. The name of each quality index has been taken from the physical
effect that influences its value for easy understanding of its meaning. The names, their
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symbols and abbreviations defined in this clause are kept consistent with those used for the
characterization of photometers in the Joint ISO/CIE International Standard ISO/CIE
19476:2014(E) (ISO/CIE, 2014) whenever possible.

3.1

initial adjustment index

fadj

index describing the absolute relative deviation of the UV radiometer indication from the
corresponding reference value

[SOURCE: ISO/CIE 19476:2014, 3.2.1, modified: “photometer” replaced by “UV radiometer”]

3.2

spectral mismatch index

f]I.,aCt

index describing the deviation of the relative spectral responsivity of the radiometer head from
the designated action spectrum using the designated reference source

3.3
short-wavelength range response index

fsh act
index describing the responsivity of the radiometer head at wavelengths shorter than the
spectral range of the designated action spectrum

3.4
long-wavelength range response index

floact
index describing the responsivity of the radiometer head at wavelengths longer than the
spectral range of the designated action spectrum

3.5

directional response index

fa

index describing the deviation from the ideal cosine law of the responsivity of the radiometer
head to radiation incident at angles other than normal to the reference plane of the head

3.6

linearity index

fa

index describing the deviation of the responsivity of the radiometer for different levels of
irradiance from linearity

3.7

display-unit index

fy

index describing the influence of the display unit of the radiometer on the measurement
results

3.8

fatigue index

fs

index describing the reversible change of the responsivity of the radiometer over time under
constant irradiation
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3.9

temperature dependence index

for

index describing the influence of ambient temperature on the radiometer responsivity when
the ambient temperature differs from that at the time of calibration

3.10

humidity test index

f6,H

index describing the stability of the radiometer with respect to humidity

3.11

modulated radiation index

f7

index describing the influence of modulated radiation at various frequencies, as opposed to
that of DC-operated lamps

3.12

polarization response index

fg

index describing the influence of polarized radiation on the responsivity of the radiometer

[SOURCE: ISO/CIE 19476:2014, 3.2.19, modified: “light” replaced by “radiation”, "photometer”
replaced by “radiometer”.]

3.13

spatial response index

fg

index describing the influence of non-uniform irradiation incident on the radiometer within the
acceptance aperture

3.14

range change index

f11

index describing the influence of range settings of display units or amplifiers

[SOURCE: ISO/CIE 19476:2014, 3.2.21]
4 Properties of UV radiometers

4.1 Initial adjustment

The initial adjustment index is the absolute value of the relative deviation of the UV
radiometer indication from the corresponding reference value. If the measured quantity is
irradiance, the quality index for initial adjustment, the initial adjustment index,
fad; =|Eéa|/Eca| —]1, is the absolute value of the relative deviation of the radiometer indication,
Ecal, from the corresponding reference value, Eg.

The manufacturer will usually adjust the radiometer indication to the reference value, and in
this case fadj =0, but the associated uncertainty of fadj will correspond to the uncertainty of
the initial calibration process. This uncertainty should be stated together with the value of the
initial adjustment index, fadj.

NOTE 1 For low-cost radiometers, the procedures for the adjustment of their indications are often
simplified, and also the uncertainties associated with the values of the used reference
standards are larger, which significantly increases the value of this quality index and its
associated uncertainty.

NOTE 2 For the determination of f,g boundary conditions as given in Clause 5 need to be fulfilled.
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4.2 Effective responsivity against a reference-spectrum source

In Equation (6) it was defined that the effective responsivity, Sx act, of a UV radiometer is
determined by its spectral responsivity, s(4), the action spectrum, Ay (4), of the considered
effect and the absolute spectral distribution, X,(41), of the radiant quantity of the source. For a
particular source, e.g. a defined reference source R, this equation can be rewritten as

X AR rel (/1) “Srel (/1)dﬂ

(8)

SX actR =

=&

X AR rel (/1) : Aact (ﬂ“)d/l

O—8|oe—,38

where

xﬂ,R’re|(ﬂb) is the relative spectral distribution of the radiant quantity X of the reference-
spectrum source R;

So Sre|(l) are the peak value and the relative spectral responsivity of the radiometer head,
respectively;

At (2) is the action spectrum of the actinic effect of interest;

K is the actinic efficacy.

Equation (8) shows that only the relative spectral distribution, X,LR,re|(/1) of the reference-
spectrum source is required for the determination of the effective responsi'vity, Sx,act,R, for a
detector with a given relative spectral responsivity, S (/1) and a given action spectrum. So,
the concept of using a reference-spectrum source for the determination of the integral actinic
responsivity of a UV radiometer is very similar to the use of llluminant A in photometry to
determine the photometric responsivity of a photometric detector.

The effective responsivity may be determined by calculation, in which case the absolute
spectral responsivity of the UV radiometer must be calibrated, or it may be determined by
measurement of a defined calibration source, in which case the absolute effective irradiance,
effective radiant power or effective radiant exposure (using the relevant action spectrum) of
the source must be calibrated.

Ideally, the relative spectral responsivity of a UV radiometer should match that of the desired
action spectrum. However, Equation (8) implies that even a radiometer with a relative
response which is a poor match to the action spectrum could still be calibrated to measure a
radiant source, if that particular source has the same relative spectral distribution as the
source which was used during calibration. However, such a radiometer could be completely
unsuitable to monitor e.g. the ageing of even this particular source, because the relative
spectral distribution of the source might change in a wavelength-dependent fashion during its
lifetime.

To account for the spectral mismatch of sources and detectors, a spectral mismatch
correction, which may change during the lifetime of the detector and during the lifetime of the
source which is measured, has to be applied (see Equation (10)).

NOTE For a given action spectrum, the effective responsivity of a UV radiometer is in general not a
constant, since its value depends on the spectral distribution of the source; the effective
responsivity is only independent of the source if the normalized relative spectral
responsivity defined by Equation (6) is identical to the action spectrum considered, which is
generally very difficult to achieve. Therefore, the calibration and determination of the

effective responsivity, s, g, is only valid for measurements on sources that have the same
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spectral distribution as the reference-spectrum source unless a spectral mismatch
correction is applied.

4.3 Spectral matching

e Spectral mismatch correction factor

According to Equation (8) a systematic deviation from the estimated value will result when a
UV radiometer, which is characterized against a reference-spectrum source R with the relative
spectral distribution, X;L,R,re|(/‘t), is used to measure radiation produced by a different
(calibration) source Z of different spectral distribution, X,Lz,re|(/1).

Such a deviation can be considered by a spectral mismatch, az.rz, defined as the ratio of
the effective responsivity of the radiometer head with respect to the radiant quantity of the test
source, Sx act,z, to the effective responsivity with respect to the reference source, Sx actRr-

s J. X A,Zrel (/1) “Srel (/1) -da I X/1,R,re| (/1) “Srel (/1) -da
actR,Z = SX,act,Z = - ©)
X,act,R
* _[ X A,Z,rel (/1) Aact (ﬂ) -d4 I X/l,R,reI (l) Aact (ﬂv) -da
0 0

where X, rrei(4), X zrel(4) are the relative spectral distributions of the reference-spectrum
source R and that of source Z, respectively.

The reciprocal of this spectral mismatch, Fairz =1/a5:Rr 2, is called the spectral mismatch
correction factor and can be used to correct measurement results:

Yr =Yz Factrz (10)

where
Yr s the corrected value with respect to the reference-spectrum source R;

Y, is the (un-corrected) reading of the radiometer when measuring the source Z.

The spectral mismatch can be converted into the specific mismatch index, flact(Z), given by:
fJ,act (Z) = a;ct,R,Z -1 (11)

NOTE 1 flact(Z) is an index which indicates the magnitude of deviation of the results measured by
the radiometer on different sources. For perfect spectral matching (the relative spectral
responsivity, s (1), of a radiometer is identical to the prescribed action spectrum, A, (1)),
f1act(Z) =0, regardless of the type of source it is calibrated against or it measures.

NOTE 2 flact(Z) is not a unique figure for a radiometer but associated with the source and action
spectrum specified.

The spectral distributions of some commonly used UV sources are listed in Annex A.1

e General mismatch index

For optimizing the spectral matching of a radiometer head to a desired action spectrum,
Aact(/'t), the spectral mismatch index, fiact, calculated by the following formula should be
used:
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