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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

White light-emitting diode (LED)-based solid-state lighting (SSL) has been widely used for a variety of
applications as an alternative for incandescent and fluorescent lamps. Initially, white LEDs (comprising
blue LEDs and yellow phosphors) became popular as backlight sources for small-size liquid-crystal
displays (LCDs) used in mobile phones and digital cameras. These were followed by white LEDs
(consisting of blue LEDs combined with green and red phosphors) applied to backlight sources for large-
area LCDs. Subsequently, LED lamps were commercialised for general lighting, replacing conventional
luminaires and capitalising on their advantages, such as compactness, high luminous efficiency, high
brightness below 0 °C or higher ambient temperatures, long life and controllability of light intensity and
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od.
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Guide to application of relevant ISO documents concerning test methods for optical properties of
ceramic phosphors for white LEDs are presented in Annex C.
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fluorescence spectrophotometer
apparatus measuring the fluorescence spectrum of a sample irradiated on its surface by monochromatic

light
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4 Measurement apparatus

4.1 Apparatus configuration

The apparatus includes a light source unit, a sample unit, a detection unit and a signal/data processing
unit. Figure 1 and Figure 2 illustrate the typical configurations of a measurement apparatus.

The light source unit generates monochromatic excitation light and comprises a white light source,
a power supply for the white light source, a focusing optical system, a wavelength selection unit
(monochromator for the white light source) and an optical system for irradiation. A collimated laser
beam can also be used as the monochromatic light source.

The sample unit comprises a cell, a sample compartment and a cell holder.

The detecti¢n unit comprises a directing optical system for collecting light, a spectrometer,va detgctor
and an amplifier.

>
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Key
A light soufce unit light source
B sample ynit monochromator
C  detection unit optical system for irradiation
sample (cell)

directing optical system

spectrometer

N O U W

detector

Figure 1 —Typical measurement apparatus configuration (fluorescence spectrophotometer
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Key
A light source unit 1 lightsource
B  dample unit 2 monochromater
C  detection unit 3 optical system for irradiation (optical fibre prpbe)

4 sample (cell)

5 directing optical system (optical fibre probe)

6  array spectrometer/spectroradiometer

Figure 2 — Typical measurement apparatus configuration (array spectrometer|type)

The |geometrical condition of the mieasurement is illustrated in Figure 3. When a pubstitution
meagurement is performed with a certain fixed angle of incidence, an angle-adjustable opfical system
for igradiating incident light onto\the centre of a sample surface may be used. The propagption vector
of thle optical radiation, whethey emitted or reflected, is defined as the direction of obsgrvation and
should be located in or near the plane of incidence.

The pngle of incidence“@; (see Figure 3) should be configured with reference to the measurement
geonpetry applied when measuring the quantum efficiencies and absorptance of the reference material
in acfordance with 15O 23946.

The gngle of gbservation 6, (see Figure 3) shall not be identical with or close to the angle offincidence 6;
to avpid spécular reflection from the surface of a cell, a cover glass or a glass lid, as well as gpecular-like
direqtional scattering from the sample.

The fottowimg Treasurenment geometries are typicat configuratiors:
Geometry A 0,=0°6,.=30°
Geometry B 0,=30°6,.=60°

Geometry A is a vertical incidence configuration which is applicable to various sets of monochromatic
light sources and spectroradiometers. Geometry B is the basic configuration for commercially available
fluorescence spectrophotometers. Geometries other than these typical geometries are also possible.

A measurement apparatus with the sample unit comprising an integrating sphere, where the specific
angle of observation cannot be defined, is out of the scope of this document. The substitution
measurement can also be performed by an apparatus with an integrating sphere, which is described in
ISO 20351.

©1S0 2023 - All rights reserved 3
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Figure 3 — Geometrical condition of substitution measurement
source unit
bht spectrum should be 15 nm or less;

on light passes through an opftical system for irradiation and irradiates a sample
in optical system for irradiation is focusing optics. The monochromated light from th{
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4.3.1 Cell

beam of light onto the sample surface. An optical fibre probe can also be used as the oy
Fradiation.

bystem for irradiation should be designed to optimise the size of the illuminated area o
etecting scattered light and fluorescence efficiently.

le unit

1 width of the excitation light is limited by the monochromator. The half-width of the
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The area of a sample shall be substantially larger than the area irradiated by the excitation light, and
the thickness of a sample in the incident plane shall be at least 2 mm.

A sample cell shall be made of a chemically and physically stable material which does not contaminate
the sample inside and can be used in conjunction with a cell holder. A rectangular cell, a flat plate cell
and a Petri dish can be used as a sample cell.

For normal incidence geometry (geometry A described in 4.1, for example), the surface of the powder
sample shall be exposed directly by the excitation light: i.e., it shall not be covered with any other

materials to

prevent specular or diffuse reflection.

For geometries other than normal incidence (geometry B described in 4.1, for example), the surface of
powder sample may be covered by a transparent plate or lid with sufficient optical transmittance over
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the entire measured wavelength range. The thickness and type of material of such plate or lid shall be
identical for the measurement of phosphor materials under test and that of reference materials.

When using a rectangular cell, the incident side of the cell shall be transparent and have sufficient
optical transmittance over the entire measured wavelength range. The rectangular cell can be placed
on the cell holder so that the incident side be vertical. It may also be placed so that the incident side be
horizontal only when the cell is well sealed.

When using a flat plate cell or a Petri dish, the top surface of the cell shall have a cover glass or a lid to
prevent the sample powder from dispersing and contaminating its surroundings during transport or
preparation for installation.

4.3.2 Sample compartment and cell holder

A sample cell can be placed inside the sample compartment. The inner surface of the’compartment as
well ps each component incorporated inside the compartment such as a cell holder-should have a matte
black surface to reduce stray light. The stray light can further be reduced by approprigtely placing
aperfures in the compartment or by giving the sample cell a slight tilt angle to block ghe specular
reflection on the surface of the cell from entering the detector.

4.4 | Detection unit

4.4.1 Directing optical system

Fluofescence light and scattered light from the sample surtface is directed through a dire¢ting optical
systém to a spectrometer. The directing optical system shall have sufficient transmissivlity over the
entire measured spectral range. A focusing optics_or'an optical fibre probe can be used a§ a directing
optidal system.

4.4.1 Spectrometer and detector

This|equipment converts light direeted through the directing optical system to electrical signals
propprtional to the intensity spectruht of the light. A photomultiplier or a CCD detector, with sufficient
sensitivity over the measured spectral range, is an example of a detector. A scanning mono¢hromator is
a tygical example, but an array spectrometer can also be used.

4.4.3 Amplifier

This|device amplifies,the electrical signal from the detector for data processing.

4.5 | Signaland data processing unit

This|unit séparates and processes signals required for measurement, outputs light intengity for each
meagufed wavelength as a photon number or energy and saves the associated data.

5 Calibration, inspection and maintenance of measurement apparatus

5.1 General

Measuring equipment should be calibrated in the proper manner for accurate optical measurement.
In addition, the equipment as well as its accessories should be maintained to keep it in an optimal
condition. The quality control manager should make sure that a regular checking procedure is
undertaken according to the manufacturer’s suggestions. Routine factory checking by the manufacturer
is also desirable.

© IS0 2023 - All rights reserved 5
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5.2 Wavelength calibration of light source unit

When using a monochromated light source, use a monochromator whose wavelength is calibrated with
the line source (e.g., a low-pressure mercury, argon or neon lamp) of known wavelength. A phosphor
material, where some of the peak wavelengths of the line-shaped fluorescence spectrum are measured
by the spectrometer whose wavelength is properly calibrated, can be used as a secondary light source
for wavelength calibration (see Annex A). When using a laser light source, verify the wavelength emitted

using a spec

5.3 Cells

trometer or wavemeter calibrated separately for wavelength.

Handle celld
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ral responsivity calibration

spectral responsivity of the detecting unit should be properly calibrated in accord

ctral responsivity calibration results.

ren if the fluorescence spectra of the reference material and phosphor material under test d
ccurate spectral responsivity calibration can effectively reduce the measurement uncertainty

ence material

material whose external quantum efficiency, internal quantum efficiency and absorpt
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pbssible in terms of.excitation wavelength and angle of incidence to those for the substit
ht of the phosphot’material under test to the reference material.
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from.the spectral component of scattered light (see 8.3).
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léetion of a reference material whose absorptance value is similar to that of a phosphor maF
I TEAUCE MEeasurenMment Uncertainty of 1ts absSorptance and internat quantum et ficiency.

Selection of a reference material whose fluorescence spectrum is similar to that of a phosphor material

erial

under test can reduce measurement uncertainty of its external quantum efficiency. Chromaticity coordinates
(see Annex B) and dominant wavelength are typical values indicating spectral similarity.

6.2 Stora

ge and pre-processing

Phosphor samples shall be stored appropriately according to their properties and pre-processed as
necessary. Samples can normally be stored at ambient temperature in a desiccator; however, samples
which react with airborne moisture and samples which can be degraded by UV or visible light should be
stored with an inert gas under seal using a glove box or a coloured bottle.
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Samples which absorb moisture readily should be dried before measurement in a vacuum dry oven at a
non-deteriorating temperature.

6.3 Filling cells with phosphor powders

When using a rectangular cell, place the powder sample in the cell and tap it to ensure that it is densely
packed, and cover with the lid if necessary. When using a flat plate cell, overfill its hollow with an
excessive amount of sample, press it down with the flat plate, scrape off the excess, and place the cover
glass over the top if necessary. When using a Petri dish, place the powder in the dish and smooth its

surface by tapping it, for example, and cover with the lid.
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Measurement procedures

sample surface thus prepared should not be further pressed with a flat plate, which
inted specularity on the surface. Until the cell is placed in the sample unit o4
urement, cover the top with a lid to prevent the dispersion of the sample powder:

Measurement environment

te the measurement apparatus in an environment where ambiént temperature can be

le and measure samples in a stable environment withran ambient temperature of 10 °C
ntive humidity of 20 % to 80 %. For hygroscopic samples and those with poor durabilit
urement environment suited to these characteristics, and complete measurement wit
iod of time as possible. Turn the measuring apparatus on at least 30 min prior to the m

Spectrometer setup for substitution measurement

re that the wavelength range for.medsurement be configured to cover the spectral co
ered light and fluorescence.

h using a scanning spectremeter for the detection unit, the spectral component of sc
e excitation wavelengthiand the fluorescence spectral component are typically obtaing
In such case, configure the wavelength range for measurement to cover these spectral
when these spectralicomponents are well separated with each other can each spectra

h using an afray spectrometer for the detection unit, the measurement wavelength raf
s both spectral components of scattered light and fluorescence. When the spectral
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7.3

Measurement for reference material

Secure the cell filled with the reference material on the sample unit with the cell holder (if any). Verify
that the dark count of the detector is sufficiently low and then begin measurement. After measurement
is complete, save the spectral measurement data.

7.4

Measurement for phosphor material under test

Secure the cell filled with the phosphor material under test on the sample unit with the cell holder (if
any). Verify that the dark count of the detector is sufficiently low and then begin measurement. After
measurement is complete, save the spectral measurement data.
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8 Calculation

8.1 Spectral responsivity correction

Convert each measured spectrum for reference material (see 7.3) and phosphor material under test
(see 7.4), which is obtained as the data set of detection wavelength-dependent signal intensities to the
corresponding spectral quantity proportional to spectral irradiance by using spectral responsivity
correction data as described in 5.5.

8.2 Conversion to photon number-based spectral distribution

Convert each corrected energy-based spectral distribution to the corresponding photon number-hased
spectral distribution using Formulae (1) and (2):

A

EgP™ (A ZER(/I)XE Y
ph _ A
Er™ (4 —ET(A)XE (2)

ERph ) is the photon number-based spectral intensity of scattered light and fluorescence of the
reference material;

ETph (A) is the photon number-based spectral intensity.of scattered light and fluorescence af the
phosphor material under test;

ER (A)| istheenergy-based spectralintensity of'scattered light and fluorescence of the refetence
material;

Er(A)| istheenergy-based spectral intensity of scattered light and fluorescence of the phogphor
material under test;

A is the detection waveléngth;
h is the Planck constant;
c is the speed dflight.

8.3 Calculation of Scattered light and fluorescence photon numbers

Calculate tHe scattered light photon number and fluorescence photon number based on the relative
fluorescence¢ spectrum of a phosphor sample calculated on a photon number-basis (8.2).

Aex TAZ

Se= | ExP"(2)dA 3)
Aoy — AL
)

Fr = IERph (4)dA (4)
%
Aex TAA

st= | B ()da (5)
Aoy —A

Fp= '[ETph (A)dA (6)

8 © IS0 2023 - All rights reserved
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where
S is the scattered light photon number of the phosphor sample;
F is the fluorescence photon number of the phosphor sample;

Wheh using two reference materials, referred to as Rs and Rf, forsabstitution measurement
component of scattered light and fluorescence, respectively,.assdescribed in 6.1, replace H
and (4) with Formulae (3’) and (4'), respectively:

wherte

If the excitation lightiwavelength range and the fluorescence wavelength range are adjo
is possible that wavelength integration according to Formulae (3-6) will unintentionally

othe

ERph is the photon number-based spectral intensity of scattered light and fluorescence of the

reference material;

ETPh is the photon number-based spectral intensity of scattered light and fluorescence of the

phosphor material under test;

L is the detection wavelength;

Rex is the excitation wavelength;

11 is the short wavelength limit of the fluorescence wavelength range;
) is the long wavelength limit of the fluorescence wavelength range;
AL is the half-width of excitation wavelength range.

Aex TAA

Fo P (A)  isthe photon nimber-based spectral intensity of scattered light of the referencs

p ph (1)  isthephoton'number-based spectral intensity of fluorescence of the referencg

- components, use the relative fluorescence spectrum and the scattered light spectrunj

for spectral

ormulae (3)

(3)

(4)

material Rs;
material Rf.
ning, and it

incorporate
to separate

the gxcitation\light scattering component and the fluorescence component. The following methods are

exanjples for separation and extraction of the fluorescence component.

Method)1: apply a suitable scale factor to the excitation light spectrum obtained in 8.2 4

nd subtract

the resulting spectrum from that obtained in 8.2 so as to obtain a smooth subtracted spectrum at the
vicinity of the excitation light. Irregularities in the vicinity of the excitation wavelength can be removed,
for example, by linear fitting of data points adjacently outside of the spectral area of irregularities.

Method 2: approximate the baseline in the vicinity of the excitation light as a linear plot.
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8.4 External quantum efficiency

External quantum efficiency neXtT is determined using Formula (7).

ext

nr=

ext IR Fr
R

where neXtR is the external quantum efficiency of the reference material.

(7)

In Formula (7), Iz and I} are gain factors for the substitution measurement of a reference material

dent

and of a ph

light and thd
condition fo
IR /IT is un

8.5 Abso

Absorptanc
(XT = 1 -

where o i

In Formula

phosphor m|
the gain ley
condition fo
IR /IT is un

8.6 Inter

Internal qud

int

n t=1

snhor material under test, rncpn(‘fivn]y’ which are determined hy the inten cify ofinc

gain level of an amplifier, as well as the exposure time of a detector. When the measure
I the phosphor material under test is identical with that of the reference materialempl

ity.
ptance

e ap is determined using Formula (8).

Ig St

1-«
(-ap) b5

the external quantum efficiency of the reference material.

8), Iy and Iy are gain factors for substitution measurement of a reference material

aterial under test, respectively, which are determined by the intensity of incident ligh
el of an amplifier, as well as the exposure.time of a detector. When the measure
I the phosphor material under test is identical with that of the reference material empl

ity.
hal quantum efficiency

ntum efficiency nintT is detérmined using Formula (9).

9 Testreport

Report at le

a)

numben

ist the following information in the test report:

of£his document, i.e. ISO 13915:2023;

ment
byed,

(8)

ind a

t and
ment
byed,

(9)

b) date of
<)
d)
e)
f)
g)
h)

i)

10

€asurement and measurement personnei;

phosphor material name under test;

reference material name;

thickness of the phosphor material under test and the reference material;
manufacturer and serial number of the reference material;

measurement condition applied to the reference material;

name and model of measurement equipment;

geometry of substitution measurement (angle of incidence, angle of observation);
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j) light source unit wavelength, width at half maximum;
k) measurement wavelength range of detection unit;

1) external quantum efficiency;

m) absorptance;

n) internal quantum efficiency;

o) any corrections used (Y/N, e.g. self-absorption correction);

p) gmbtenttemperatureandirmidity;

q) 4ny deviations from the procedure;

r) 4ny unusual features observed.

Repdrt the following as necessary:

s) telative fluorescence spectrum;

t) type of light source;

u) incident spot diameter;

v) fype of detection unit and observed field of view angle;
w) ¢ell dimensions and material;

x) 1method for separating excitation light component and fluorescence component in phosphor sample
spectrum;

y) Ineasurement uncertainty.
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