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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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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 alternatives 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 colour temperature.

The previous edition of this document (ISO 20351:2017) was developed based on the need for standardizing

a test metH
method ha
precise op
ISO 20351:

[SO 23946
quantum

The applid
properties
and time-g
measurem
[SO 23946
commercig

measurem
based equi

Therefore,
implement
absorptan
efficiency.

In this dod
described 1
obtain app

This docun

od for internal quantum efficiency of phosphors using an integrating sphere. This st

2017 due to an insufficient understanding of the source of variation in these measSuren

was then developed to provide alternative absolute measurement methods for th
pfficiency, internal quantum efficiency and absorptance using a_gonio-spectrofl
ation of ISO 23946 is assumed to be limited to those who intend to determine

of phosphor materials to be utilized as reference materials due.to its complicated
onsuming procedure. ISO 13915 was developed following 1SO 23946 and provides s
ent methods comparing with reference materials with values evaluated in accorg
to provide external quantum efficiency, internal quantum-efficiency and absorptance
lly available fluorescence spectrophotometer.

ropriately obtained using and integrating sphere-based spectrometer with the s

pment is excluded.

the revised second edition of this décument is intended to expand the scope by a
ing the substitution measurementimethod for obtaining external quantum effi
e using an integrating sphere/to the existing absolute method to obtain intern
[his expanded scope will benefit those who routinely use integrating sphere-based eq

ument, measurement conditions and procedures that can affect the measurement

ropriate information(on their competitiveness.

nent can also be adopted for phosphors used in non-white LEDs, e.g. green, orange, pink

s the advantage of a short measurement time and being available to those with fip’ekpertise in

}ndard test
fical measurement. The external quantum efficiency and absorptance were out-of the scope of

ent values.

e external
uorometer.
he optical
equipment
ibstitution
lance with
by using a

It was found that the external quantum efficiency and absorptance of a phosphor material under test can
also be a};[;

ent method as described in ISO 13915, whereithe measurement using and integrating sphere-

ibstitution
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n detail, helping those who address high-performance phosphors for competitive SSL products to
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for optical properties of ceramic
phosphors for white light-emitting diodes using an
integrating sphere

1 Scopé¢

This docur
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light when|
quantum ¢
The substif
been obtai
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The follow
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the latest ¢

ISO 23946
properties
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3 Term

For the pu
following 3

ISO and IE
ISO On

IEC El¢

3.1
internal q
ratio of thg

hent specifies test methods for the use of an integrating sphere to measure the oeptical
phosphor powders, which are used in white light-emitting diodes (LEDs) .and e
excited by UV or blue light. This document specifies an absolute methedto measu
fficiency and a substitution method to measure external quantum efficiency and ah
ution method uses reference materials whose external quantum efficienc¢y and absorp
hed in accordance with [SO 23946.

ative references

ng documents are referred to in the text in such a way that some or all of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

, Fine ceramics (advanced ceramics, advanced, technical ceramics) — Test methods
bf ceramic phosphors for white light-emitting diodes using a gonio-spectrofluorometer

:2020, ILV: International Lighting Vocabtlary, Znd edition

s and definitions

Fposes of this document, the‘terms and definitions given in ISO 23946 and CIE S 017
pply.

[ maintain terminology databases for use in standardization at the following addresse

line browsing platform: available at https://www.iso.org/obp

ctropediafavailable at https://www.electropedia.org/

pantum efficiency

b number of photons emitted in free space from the phosphor to the number of exci

properties
mit visible
re internal
sorptance.
tance have

ronstitutes
references,

for optical

E and the

2]

fation light

photons absorbed by the phosphor

3.2

external quantum efficiency
ratio of the number of photons emitted in free space from the phosphor to the number of excitation light
photons incident on the phosphor

3.3

absorptance
ratio of the number of excitation light photons absorbed by the phosphor to the number of excitation light
photons incident on the phosphor

© IS0 2024 - All rights reserved
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cell
container f

ISO 20351:2024(en)

illed with a sample or a white material such as barium sulfate

Note 1 to entry: A cell is typically a flat plate sample holder with a cylindrical hollow, a petri dish or a rectangular cell
used in a spectrophotometer.

3.5
reference

cell

cell filled with a white powder which has a high spectral diffuse reflectance over the whole visible spectrum

(such as ba

Note 1 to en

rium sulfate or alumina), used when measuring the excitation light spectrum

try: This term is only for use in the absolute method.

3.6

white diff
white platg
sulfate or

Note 1 to en

3.7
secondary
absorption

Note 1 to entry: The excitation light illuminating the sample is not entirely, absorbed by the sample but

scattered o
illuminate t

3.8
self absor
absorption

4 Meas

4.1 App

The appar:
unit. Figur

Iser
e which has a high spectral diffuse reflectance over the whole visible spectrum|{such
olytetrafluoroethylene (PTFE)), used when measuring the excitation light spectrum

try: This term is only for use in the absolute method.

absorption
of indirect incident light from every direction of the sphere walb by the phosphor sam

" reflected and then repeatedly reflected on the sphere wallSome of the scattered/reflect
he sample again and be absorbed.

ption
of photoluminescent photons emitted by the’sample itself

urement apparatus

aratus configuration

itus includes a light sourde unit, a sample unit, a detection unit and a signal and data
e 1 and Figure 2 illustrate’the typical configurations of a measurement apparatus.

The light s
supply for
white light

The samplg

burce unit generatés’monochromatic excitation light and comprises a white light sour
the light source,-@focusing optical system, a wavelength selection unit (monochromg

e unit. camprises a cell and an integrating sphere.

as barium

ble

is partially
ed light can

processing

Ce, a power
tor for the

source) and-aw/optical system for irradiation. A collimated laser beam can also be yised as the
monochroinatic light Seurce.

The detect

ng-uhit comprises directing optics for collecting light, a spectrometer, a detector and a

h amplifier.

A fluorescence spectrophotometer equipped with a sample unit (including an integrating sphere), and
equipment combining a light source unit and an array spectrometer together with the sample unit, are

typical exa

mples.

© IS0 2024 - All rights reserved
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1 2 [ 5 6
— — A —~ AN ~ J
A B C

Key

A light soulrce unit 1 light source

B sample ynit 2 excitation monochromator

C detecting unit 3 integrating sphere
4 cell (sample)
5 emission monochromator
6 detector

Figure 1 +— Example configuration of measuring equipment (fluorescence spectrophotometer type)

3
1 2
6
4 7
5
\ J\ AN J
Y Y Y
A B C
Key
A light soufrce unit light source
B sample ynit monochromator

C detectingwhit epticalfibre
integrating sphere
cell (sample)

optical fibre

N O U N e

array spectrometer

Figure 2 — Example configuration of measuring equipment (array spectrometer type)
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4.2 Light source unit

The spectral width of the excitation light is limited by the monochromator. The half-width of the excitation
light spectrum should be 15 nm or less.

The generated excitation light is introduced into the integrating sphere via the excitation light port to
illuminate a cell or a white diffuser. It is important to ensure that the beam diameter of the excitation light
illuminating the sample is sufficiently smaller than the diameter of the sample facing the interior of the

integrating sphere.

4.3 Sample unit

4.3.1 Ce

Ensure thalt the area of the sample facing the interior of the integrating sphere is sufficientlylarge

illuminate

When usin

Ensure thalt the cover glass, at least one side of the rectangular cell, or the Petri dish‘and its lid hav|

optical tra
Ensure th3
1,25 mm.

The specif

material and phosphor material under test to reduce uncertainty-associated with Fresnel reflect

glass mate
Use a mate

When the
cell used f
identical fd

4.3.2 White diffuser or reference cell

Use a whitg
light spect

NOTE 4

4.3.3 Int

The inner
sphere inc
be mounte
less than 1

= =}

| by the excitation light, and that the thickness of the sample is at least 2 mm.

p a flat plate cell, place a cover glass on the sample. Cover with the lid whenusing a Pet

hsmittance over the entire measured wavelength range. Quartz is@enerally used for t
t the thickness of the cover glass or the transparent side of theiréctangular cell is no

cation (thickness and type of material) of a cover glass’or’a lid shall be identical fo
Fial.
rial with high spectral diffuse reflectance (e.g. white alumina) in the flat plate sample

reference cell is used for absolute measureraent, the sample cell should be the same {
r the reference cell. For substitution measurement, the specification of the sample ¢
r reference material and phosphor material under test.

p diffuser or reference cell in:the integrating sphere sample mount when measuring thg
Fum.

\s noted in Clause 3, a.white diffuser or reference cell is only for use in the absolute method.

egrating sphere

wall is sphetical in shape and covered with white diffused reflective material. The

rporates-the excitation light port, the measurement port and the sample port where {
1. Fofian integrating sphere with the sample port aperture, ensure that the total apert
D % of the total area of the integrating sphere wall. For an integrating sphere without

o oncnurathat tho +ot ]l anaretiien Avena 30 S d Ao +0 +ho cppfarn arna AfF+ha caanla

r than that

ri dish.

e sufficient
hese items.
more than

r reference
on on such

holder.

ype as the
ell shall be

excitation

ntegrating
he cell can
ure area is
the sample

port apert

GG o U T Tttt o e tota T o p T tur C o Co i oG o oo to T Sur o c o Co O e S oT T pre

s less than

10 % of the total area of the sphere wall. Use a material with sufficiently high spectral diffuse reflectance
(e.g. barium sulfate, PTFE) over the entire range of measured wavelengths for the inner wall. The diameter
of the integrating sphere shall be between 60 mm and 150 mm.

Note that the presence of light-absorbing material inside the sphere or on the vicinity of the sphere aperture
will result in measurement errors.

Cells are placed on the inner surface of the integrating sphere, or pressed against or inserted into the sample
portofthe integrating sphere from the outside. The integrating sphere should be designed so that the detector
is blind for the direct incidence of reflection, scattering and fluorescence from the surface of the sample.

© IS0 2024 - All rights reserved
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4.4 Detection unit

4.4.1 Directing optical system

This optical component guides light collected from the measurement port of the integrating sphere into the
spectrometer. The guides need to be sufficiently transparent over the entire measured spectral range. For
example, a focusing lens system or an optical fibre bundle can be used.

4.4.2 Spectrometer and detector

This equipment converts light collected from the measurement port of the integrating sphere via directing
optics to an electrical signal in proportion to its intensity spectrum. For example, a photomultiplier tube or
a CCD detertor,withritsamptespectrat respomseover threentire measured-spectrat range; tarrbe used as a
detector.

4.4.3 Amplifier

This amplifies the electrical signal from the detector for data processing.

4.5 Signfal and data processing unit
This unit peparates and processes signals required for measurement,Coutputs light intensitly for each

measured Wwavelength as photon number or energy and saves the data-

5 Calibration, inspection and maintenance of measurement apparatus

5.1 General

Measuring| equipment should be calibrated in a 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 manpfacturer’s suggestions. Routine factory checking by the manufacturer is also desirable.

5.2 Wavelength calibration of light source unit

When using a monochromated light source, use a monochromator whose wavelength is calibrat¢d with the
line source| (e.g. a low-pressure imercury lamp) of known wavelength.

When usirlg a laser light seurce, separately verify its wavelength using a spectrometer or a yavemeter,
calibrated for wavelength.

5.3 Cells and cover glasses

Handle cells.and cover glasses carefully to avoid damage. Replace damaged cells and cover glasses with
new items,

5.4 Integrating sphere walls and white diffusers

Verify that there is no contamination, damage or peeling of the walls regularly. If damage or contamination
which may interfere with the high diffuse reflection factor in the range of measured wavelengths is found,
clean (if possible), recycle or repaint, or replace with a new item.

5.5 Wavelength calibration of detection unit

Use a spectrometer whose wavelength is calibrated with the line source (e.g. a low-pressure mercury lamp)
of known wavelength.

© IS0 2024 - All rights reserved
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5.6 Spectral responsivity correction

The relative spectral responsivity of the entire measurement system from the integrating sphere to the
detector should be properly calibrated in accordance with the manufacturer’s instructions. All measurement
spectra should be corrected based on the relative spectral responsivity calibration results.

6 Samples

6.1 Reference material

A phosphor material whose external quantum efficiency has been measured in accordance with ISO 23946

shall be u

angle of in
reference 1

NOTE 4

6.2 Stor

Phosphor
necessary.
react with
container

Samples W
temperatu

6.3 Filli

sﬁmﬁ&mmmmwwmwmﬁm

material should be measured under conditions as close as possible in terms of excitation waye

cidence to those for the substitution measurement of the phosphor material under
haterial.

\ reference material is only for use in the substitution method.

age and pre-processing

samples shall be stored appropriately according to their properties and pre-pr
Samples are normally stored at room temperature in a desiccator. However, sam
moisture in the air, or which may be degraded with UV or«isible light, shall be stored
filled with an inert gas using a glove box) or a coloured battle.

hich readily absorb moisture shall be dried beforé*measurement in a vacuum dry
Fe at which they do not deteriorate.

hg cells with samples

When usi

flat plate, 4crape off the excess and place the cover glass over the top. When using a rectangulal
the powder sample in the cell and tap it to ensuie that it is densely packed, and cover with the lid if
When using a Petri dish, place the powder in'the dish and smooth its surface by tapping it, for ex

cover with

When the
sufficient
sample is g

7 Procd

7.1 Measurement method

a flat plate cell, overfill its hollow with’an excessive amount of sample, press it dow

the lid.

Cell is mounted outside(the integrating sphere, ensure that the thickness of the sam

o reference
length and
test to the

bcessed as
ples which
in a sealed

oven at a

n with the
" cell, place
necessary.
ample, and

ple layer is

o prevent leakage of excitation light. When using a Petri dish, ensure that the amgunt of the

ufficient for the results obtained to be invariant with respect to its amount.

tdure, calcalation and report for absolute measurement

711 M

'S 3 'S
AdSUI CIIITIIU TIHIVIIUIIIITIIT

Locate the measurement apparatus in an environment where ambient temperature can be maintained and
avoid sudden temperature changes by measures such as locating the apparatus out of direct sunlight.

Handle and measure samples in a stable environment with an ambient temperature of 10 °C to 30 °C and
a relative humidity of 20 % to 80 %. For hygroscopic samples and those with little durability, prepare a
measurement environment suited to these characteristics, and complete measurement within as short a
duration as possible. Turn the measuring apparatus on at least 30 min prior to the measurement.

© IS0 2024 - All rights reserved
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7.1.2 Light spectrum without phosphor sample

Place the white diffuser or the reference cell on the sample port of the integrating sphere. When using the
white diffuser, place the same cover glass as used for the sample on the diffuser. When using a Petri dish as a
cell, place the dish with its lid closed on the cell mount of the integrating sphere. The cell type of the reference
cell, filled with white powder as described in 6.3, should be the same as that of the phosphor sample.

Introduce the monochromated excitation light through the aperture at the excitation light port of the
sphere to illuminate the white diffuser or the reference cell, and measure the intensity of the light for each
wavelength at the measurement port to find the excitation light spectrum (Figure 3). The intensity of the
excitation light should be controlled so as not to saturate the detector signal and deteriorate the sample, as
noted in 7.1.3.

7.1.3  Lig

Attach the
cell mount

As describ
detector tg

7.2 Calc

7.2.1 Co

Convert the spectra measured as described in 7.1.2 and 7.1.3 to.photon-number-based spectra

energy-bas

ulations

ed spectra.

Key

tht spectrum with phosphor sample

nversion to photon-number-based spectra

cell filled with the sample onto the sample port of the integrating sphere or motint'the
inside the integrating sphere.

ed in 7.1.2, illuminate the sample with excitation light then measure thé light intensi
obtain the spectrum with excitation light and fluorescence components:

0,8

0,6

0,4

0,2

(@'

400

-
450

I T
500 550

650

700 X

cell on the

'y with the

if they are

O W P < X

wavelength (nm)

Figure 3 — Excitation light and fluorescence spectra obtained in Clause 7

photon flux (arbitrary units)

excitation light spectrum obtained in 7.1.2

fluorescence spectrum obtained in 7.2.2

excitation light spectrum obtained in 7.2.3.1

© IS0 2024 - All rights reserved
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Fluorescence spectrum

To obtain the fluorescence spectrum of the phosphor sample separately as shown in Figure 3, use the
excitation light spectrum obtained in 7.1.2 to remove the excitation light spectrum component from the
spectrum measured in 7.1.3. The excitation light component, for example, can be removed as follows.

a)

Method 1: apply a suitable scale factor to the excitation light spectrum obtained in 7.1.2. and subtract

the resulting spectrum from that obtained in 7.3 so as to obtain a smooth subtracted spectrum at the
vicinity of the excitation light. Irregularities in the vicinity of the excitation wavelength, for example,
can be removed by linear fitting of data points adjacently outside of the spectral area of irregularities.

b)

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

7.2.3

7.2.3.1

Extract th¢ excitation light component (Figure 3) of the measured spectrum in 7(1.3’ by subt
photoluminescence component extracted in 7.2.2 from the measured spectrum. Then, obtain thd
spectrum [y subtracting the extracted excitation light spectrum from the~meéasured excit
spectrum in 7.1.2 divided by the diffuse reflectance in the excitation wavelengtliregion of the wh

or referend
absorbed p

7.2.3.2 H

Find the
photolumil

7233 1

Calculate i

Nint, T T

where

NineT 19

F

q

i

A

q

i

Correction
required, i

Infernal quantum efficiency

elative number of absorbed photons

e cell, and integrate it at the spectral region of excitation light‘to*obtain the relative
hotons for the phosphor sample.

elative number of photoluminescent photons

relative number of the photoluminescent photonis emitted from the sample
nescence spectral component obtained in 7.2.2.

nternal quantum efficiency
hternal quantum efficiency as follows.

F

A

the internal quantum efficiency;
the number ofphotoluminescent photons;
the numbér-of absorbed photons.

s such@s'secondary absorption correctionlll and self-absorption correction[2] may be
h accordance with agreements between the involved personnel.

Facting the
difference
ation light
ite diffuser
number of

from the

e8]

adopted, if

7.3 Test

report

The following measurement results and information shall be included:

a)
b)
‘)
d)
e)

measu

number of this document, i.e. ISO 20351:2024;
date of measurement and measurement personnel;

sample name;

rement equipment;

wavelength of excitation light and its spectral full width at half maximum;

© IS0 2024 - All rights reserved
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rement spectral range;

internal quantum efficiency and spectral range used in calculation;
corrections (e.g. secondary absorption correction, self-absorption correction) used (Y/N);
ambient conditions;

any deviations from the procedure;

usual features observed.

following as necessary:

f) measu
g)

h)

i)

j)

k) anyun
Report the
1) typeo
m) typeo
n) dimen
0) intern
p) materi
q) spectr
r) excitat
s)

t) photol
u) metho
8 Procq

8.1 Measurement procedures

8.1.1 Mg

Locate the
avoid sudd

Handle andl measure sainples in a stable environment with an ambient temperature of 10 °C td

a relative |}
measurem
duration af

measufred spectrum of phosphor sample (as per 7.1.3) (as abave);

fFightsource;

[ detector;

cions and material of cell, thickness of sample, angle of incidence of excitation light;
h] diameter and material of integrating sphere;

al of white diffuser or powder for reference cell;

hl diffuse reflectance of white diffuser or reference cell;

ion light spectrum (indicate clearly whether energy-based or'photon number-based);

iminescence spectrum (as per 7.2.2) (as above);

d used to remove excitation light component ftom measured spectrum of phosphor sa

tdure, calculation and report forsubstitution measurement

asurement environment
en temperature changes by measures such as locating the apparatus out of direct sunl

humidity of.20 % to 80 %. For hygroscopic samples and those with little durability
bnt environment suited to these characteristics, and complete measurement within
b possible. Turn the measuring apparatus on at least 30 min prior to the measurement.

8.1.2 Sp

mple.

measurement apparatus in an environment where ambient temperature can be maintained and

ght.

30 °C and
prepare a
as short a

pctrometer setup for substitution measurement

Ensure that the wavelength range for measurement be configured to cover the spectral components of
scattered light and fluorescence.

When using a scanning spectrometer for the detection unit, the spectral component of scattered light at the
excitation wavelength and the fluorescence spectral component are typically obtained at a single scan. In
such a case, the wavelength range for measurement shall be configured to cover these spectral components.
Only when these spectral components are well separated with each other, each spectral component can be
measured individually.

When using an array spectrometer for the detection unit, the measurement wavelength range typically
covers both spectral components of scattered light and fluorescence. When the spectral components of
scattered light and fluorescence are so far apart from each other that cannot be measured within a single
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wavelength window, the wavelength window of the array spectrometer may be individually configured to

cover each

corresponding spectral component.

8.1.3 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.

8.1.4 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
is completg,

8.2 Calc

8.2.1 Sp

Convert eg
(see 8.1.4)

correspondling spectral quantity proportional to spectral irradiance(by using spectral re

correction

8.2.2 Co

Convert eg
spectral di

Eph,R(

Eph,T (
where

Eph,R

tho dowly oot Ao Aot ot io o ai ]y ] ndthaon bagin oo A Afta

the-darlkeountof the-detectorissufficienthi-How-and-therbeginmeasurement—Atter e
save the spectral measurement data.

ulation

pctral responsivity correction

ch measured spectrum for reference material (see 8.1.3) and phesphor material
which is obtained as a data set of detection wavelength-dependent signal intensj

data as described in 5.6.

nversion to photon number-based spectral distribution

ch corrected energy-based spectral distribution“o the corresponding photon nun

stribution using Formulae (2) and (3):

)= Eg (A)x2-

hc

l)zET(/l)x%

A)  isthe photonnumber-based spectral intensity of the scattered light and fluoresgd
reference material;
A)  isthepheton number-based spectral intensity of the scattered light and fluoresq

phosphor material under test;

isthe energy-based spectral intensity of the scattered light and fluorescence of th|
material;

asurement

under test
ties to the
sponsivity

hber-based

(2)

(3

ence of the

ence of the

e reference

is the energy-based spectral intensity of the scattered light and fluorescence of th
material under test;

is the detection wavelength;
is the Planck constant;

is the speed of light.
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8.2.3 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 +AA
Sp = Ephr (A)dA (4)
Ay —AN
A
Fr = [Epng (1)dA (5)
M
AeptAA
ST = J. Eph,T (l)d/l (6)
A —A7
A
Fr = [Fonr (1)d2 (7)
]
where
Sk is the scattered light photon number of the reference material;
Fr is the fluorescence photon number of the referencewmnaterial;
St is the scattered light photon number of the phosphor material under test;
Fy is the fluorescence photon number of the{phosphor material under test;
Epnr (1) is the photon number-based spectralintensity of the scattered light and fluorescence of
the reference material;
Eonr (R) is the photon number-based\spectral intensity of the scattered light and fluorescence of
the phosphor material under test;
A is the detection wayélerigth;
Aex is the excitation wavelength;
M is the shortwavelength limit of the fluorescence wavelength range;
A is the long wavelength limit of the fluorescence wavelength range;
AL is'the half-width of the excitation wavelength range.
If the excjtatiot~light wavelength range and the fluorescence wavelength range are adjdining, and
wavelength integration according to Formulae (4-7) may unintentionally incorporate other cgmponents,
use the relative fluorescence spectrum and the scattered light spectrum to separate the excitation light

cercS P T—Cr to ki P o =4 P S—c1t

scattering component and the fluorescence component. The following methods are examples of separation
and extraction of the fluorescence component.

a) Method 1: apply a suitable scale factor to the excitation light spectrum and 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. [rregularities in the vicinity of the excitation wavelength, for example, can be removed

by line

ar fitting of data points adjacently outside of the spectral area of irregularities.

b) Method 2: approximate the baseline in the vicinity of the excitation light as a linear plot.
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