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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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-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 documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This[document was prepared by Technical Commiittee ISO/TC 206, Fine ceramics.

Any feedback or questions on this documentshould be directed to the user’s national standpards body. A
complete listing of these bodies can be feund at www.iso.org/members.html.
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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. In the beginning, 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 have been commercialized 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
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test methods for optical properties of ceramic
phosphors for white light-emitting diodes using a gonio-
spectrofluorometer

1 $cope

This|document specifies a method for use of a gonio-spectrofluorometer to measure)internpal quantum
efficlency, external quantum efficiency, absorptance, luminescent radiance (factor gnd relative
fluorfescence spectrum of ceramic phosphor powders which are used in whitg light-emifting diodes
(LEDSs) and emit visible light when excited by UV or blue light.

2 ormative references

The following documents are referred to in the text in such a 4vay that some or all of their content
consfitutes requirements of this document. For dated referefices, only the edition cited |applies. For
unddted references, the latest edition of the referenced docunient (including any amendments) applies.

ISO 20351, Fine ceramics (advanced ceramics, advanced technical ceramics) — Absolute megsurement of
interpal quantum efficiency of phosphors for white lightiemitting diodes using an integrating sphere

CIE § 017/E, International Lighting Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 20351 and CIE S 017/E and
the fpllowing apply.

ISO dnd IEC maintain terminelogical databases for use in standardization at the following gddresses:

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

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

3.1
gonip-spectrofluorometer
appajratus.fitreasuring the observation angle dependence of the spectral distribution of fluofescent light
or scpttered light emitted by a sample irradiated on its surface by a monochromatic light

3.2
in-plane
<optical radiation> emitted or reflected, with a propagation vector located in a plane of incidence

3.3
out-of-plane
<optical radiation> emitted or reflected, with a propagation vector not located in a plane of incidence

4 Spherical coordinate system

The coordinate system used in gonio-spectrofluorometry shall be a spherical coordinate system (r, 6, ¢).
In a gonio-spectrofluorometer, the plane including the sample surface shall be taken as the horizontal
plane and the centre of the surface of the sample shall be taken as the origin. The radial distance r

© IS0 2020 - All rights reserved 1
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of the observation point shall be held constant during the measurement. The geometrical parameters
of measurement are defined by the angle of incidence 6,, the zenith angle of observation 6. and the
azimuth angle of observation ¢,. The vertical axis is defined as the direction where 6, = 6. = 0°, and the

plane of inci

dence is defined as ¢, = 0°.

5 Measurement apparatus

5.1 Apparatus configuration

The apparatus comprises elements including a light source unit, a sample unit, a detection unit, a
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1 /2 2
9
D
\ )
Y
A
Key
A light source unit 1  lightsource
B jample unit 2 spectrometer
C  detection unit 3 optical system for irradiation,(optical fibre probe])
D  fotational positioning unit 4 mechanism for setting angle of incidence
E  e¢nclosure 5  mechanism for settifig zenith angle of observatioh
6  sample (cell)
7  sample stage
8  directing goptical system (optical fibre probe)
9  array spectrometer
Figure 1 — Typical measurement apparatus configuration
Oi
Key
0 zenith angle of observation é azimuth angle of observation
r r
6. angle of incidence é sample rotation angle
1 S

Figure 2 — Example configuration of each geometrical parameter
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5.2 Light source unit

The spectral width of the excitation light is limited by the spectrometer. The half-width of the excitation
light spectrum is preferably 15 nm or less.

The excitation light passes through an optical system for irradiation and irradiates a sample or a diffuse
reflectance standard. One example of an optical system for irradiation is an optical fibre probe. One end
of the fibre probe is attached to the exit slit of the monochromator and the monochromated light is
emitted from the other end. A focusing optics attached to the end of the fibre probe provides a circular,

nearly circu

The optical
sample and

5.3 Samp

5.3.1 Cell

The area of
the thickned

A cell shall H
inside and c

When a less
to examine

The top sur
and contam
cover glass

sample surf

5.3.2 Diff

A diffuse 1
measureme
function (BJ
light waveld
90 % or gre{
0° to 30°, ey
reflectance
calibration f
light distrib,

lar or oval-shaped beam of light to illuminate the sample surface.

the diffuse reflectance standard for dtecting scattered light and fluorescence efficje

le unit

a sample shall be substantially larger than the area irradiated byrthe excitation light
s of a sample in the normal direction shall be at least 2 mm.

an be used in conjunction with a cell adapter provided forya.sample stage.

absorptive sample is measured, a cell with a transparent window at its bottom can be
luorescence or scattered light emitting from the bgttom of the cell (see Annex A).
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5.3.3 Sample stage

A sample stage allows a cell to be placed with a cell adapter, if any, at the centre portion of the stage
such that the sample surface is always kept horizontal. The sample stage is preferably provided with an
automatic or manual mechanism rotating about the vertical axis for setting a sample rotational angle ¢,
when a surface of a ceramic phosphor sample is not confirmed in advance to be substantially uniform
with respect to the sample rotation.
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5.4 Detection unit

5.4.1 Directing optical system

Fluorescence light and scattered light from the sample surface is directed through a directing optical
system to a spectrometer. The directing optical system shall have sufficient transmissivity over the
entire measured spectral range. An optical fibre probe is an example of a directing optical system. A
focusing optics is preferably attached to an end of the fibre probe so as to direct the collected light
efficiently to the fibre probe.

5 4 Snectrometer-and detector
O & Pt ETte At aetector

This|equipment converts light directed through the directing optical system to eleetrical signals
propprtional to the intensity spectrum of the light. A photomultiplier or a CCD detector, with sufficient
sensjtivity over the measured spectral range, is an example of a detector. An @fpay spe¢trometer is
a typical example of a system combining a spectrometer and a detector, but.a’'wavelength scanning
spectrometer can also be used.

5.4.3 Amplifier

This [device amplifies the electrical signal from the detector for dataprocessing.
5.5 | Rotational positioning unit

5.5.1 Mechanism for setting angle of incidence

This|unit is provided with an arm which holds<the optical system for irradiation antﬂ.‘ a rotating
mechanism for the arm to vary the angle of incidence while the centre of irradiation remains constant.
The rotating mechanism may be either automatic or manual, but in either case setting of the angle of
incidence should be sufficiently reproducible.

5.5.17 Mechanism for setting zenith' angle of observation

Thisfunit is provided with an arm which holds the directing optical system, and a rotatingl mechanism
for the arm to vary the zenith angle of observation at defined angular intervals. Its rotatiorjal axis shall
be a fhorizontal axis which passes through the origin, namely the centre of the irradiated|area on the
sample surface with excitation light. The rotating mechanism may be either automatic or mpnual, but in
eithgr case setting of'the zenith angle of observation should be sufficiently reproducible.

5.5.3 Mechanis for setting azimuth angle of observation

Thismechanism is used to set an azimuth angle of observation ¢. when out-of-plane spatial distribution
is measured. A mechanism for either setting a zenith angle of observation or setting|an angle of
incidenee is designed to rotate with the angle ¢.. about the vertical axis. The rotating mechanism may
be either automatic or manual, but in either case setting of the azimuth angle of observation should be
sufficiently reproducible.

5.6 Enclosure

The enclosure is covered with a blackout curtain and houses internally the optical system for irradiation,
the directing optical system, the sample unit and the rotational positioning unit. The blackout curtain
used has a substantial light-blocking capacity for outside light environment, and its inner surface is
covered with a dust-proof and anti-static processed matte black material with low diffuse reflectance
to suppress stray light and prevent dust during the gonio-spectrofluorometric measurement.
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5.7 Signal and data processing unit

This unit separates and processes signals required for measurement, outputs light intensity as a photon
number or energy for each angle of observation (zenith angle of observation 6, and azimuth angle of

observation

¢,) and measured wavelengths, and saves the associated data.

6 Calibration, inspection and maintenance of measurement apparatus

6.1 General

Measuring d
addition, th
The quality
the manufag

quipment should be calibrated in the proper manner for accurate optical measureme

control manager should make sure to undertake a regular checking procedure aceordi
turer’s suggestions. Routine factory checking by the manufacturer is also desirable.

6.2 Wavelength calibration of light source unit
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‘ce (e.g. a low-pressure mercury lamp) of known wavelength.

bparately for wavelength.

carefully to avoid damage. Replace damaged cells with new items.

e reflectance standard

eriodically.
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spectratrésponsivity of the entire detecting unit should be calibrated using a spe

ht. In
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ng to

with
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ctor or BRDF of the diffuse reflectance standard at excitation wavelength should be

cury

ctral
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6.7 Rotational positioning unit

Check periodically that the mechanisms for setting angle of incidence and zenith angle of observation,
as well as the mechanism for setting azimuth angle of observation for measuring out-of-plane spatial
distribution, are operating correctly. Also check that the centre of the irradiated area on the sample
surface is always kept at the origin of the rotational positioning unit.

7 Samples

7.1 Storage 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
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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.

Samples which absorb moisture readily should be dried before measurement in a vacuum dry oven at a
non-deteriorating temperature.

7.2 Filling cells with samples

Overfill the hollow of the cell with an excessive amount of sample, press it down with a flat plate
and scrape off the excess. The sample surface thus prepared should not be pressed with a flat plate,
which can induce specularity on the surface. Until the cell is placed in the sample unit to be ready for
meagurement, cover the top with a lid to prevent dispersion of sample powder.

8 Measurement procedures

8.1 | Measurement environment

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

Handle and measure samples in a stable environment with anambient temperature of 10 °C|to 30 °C and
arelative humidity of 20 % to 80 %. For hygroscopic samples and those with little durability, prepare a
meagurement environment suited to these characteristiés;.and complete measurement within as short
a duration as possible. Turn on the measuring apparatugsat least 30 min prior to the measufement.

8.2 | In-plane spatial distribution measurement
8.2.1 Goniometric measurement of diffuse reflectance standard

8.2.1.1 Automatic measurement

Placg the diffuse reflectance standard onto a sample stage in conjunction with a cell adapter (if any).
Meagure and record the angle‘of incidence. Next, in the measurement software, set the starting angle,
ending angle and angle interval for the zenith angle of observation. Close the blackout cuftain, verify
that the dark count is sufficiently low and then begin measurement. After measurement [is complete,
savelthe spectral measuiement data for all the varying zenith angles of observation.

8.2.1.2 Manualimeasurement

Placg¢ the diffuse reflectance standard onto a sample stage in conjunction with a cell adajpter (if any).
Meagure and record the angle of incidence. Next, set each of the setting mechanisms fdr the initial
zenithCangle of observation. Close the blackout curtain, verify that the dark count is sufficiently low
and then begin measurement. After measurement is complete, perform the same measurement for the
next angle setting. After measurement is complete for all angles of spatial light distribution, save the
spectral measurement data for all the varying zenith angles of observation.

8.2.2 Gonio-spectrofluorometric measurement of phosphor sample

8.2.2.1 Automatic measurement

Secure a cell filled with a phosphor sample onto a sample stage in conjunction with a cell adapter (if
any). Verify that the angle of incidence is identical with that of the measurement of diffuse reflectance
standard as described in 8.2.1.1 and record it. Next, in the measurement software, set the starting angle,
ending angle and angle interval for the zenith angle of observation. Close the blackout curtain, verify
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that the dark count is sufficiently low and then begin measurement. After measurement is complete,
save the spectral measurement data for all the varying zenith angles of observation.

8.2.2.2 Manual measurement

Secure a cell filled with a phosphor sample onto a sample stage in conjunction with a cell adapter (if
any). Verify that the angle of incidence is identical with that of the measurement of diffuse reflectance
standard as described in 8.2.1.2 and record it. Next, set each of the setting mechanisms for the initial
zenith angle of observation. Close the blackout curtain, verify that the dark count is sufficiently low
and then begin measurement. After measurement is complete, perform the same measurement for the
next angle setting. After measurement is complete for all angles of spatial light distribution, save all the
spectral mepsurement data.
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described in 8.2.1 for each azimuth angle of observationf{Next, set up a phosphor sample

e

rface
muth
‘med
with
when
,and

1ined
e, to

correspondi

ng_spectral quantity proportional to spectral irradiance by using spectral respons

ivity

correction data as described in 6.6 and data accumulation time (if different for each angle of
observation).

Convert each measured scattered light or fluorescence spectrum of the phosphor sample, which is
obtained as the data set of detection wavelength-dependent signal intensities for each observation
angle, to corresponding spectral quantity proportional to spectral irradiance by using spectral
responsivity correction data as described in 6.6 and data accumulation time (if different for each angle
of observation).

9.1.2 Mean spectrum for varying azimuth rotational angle of sample

When measuring each spectrum with varying azimuth rotational angle of a sample as described in 8.4,
determine its mean spectrum using Formulae (1) and (2) or Formulae (3) and (4).

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=b2dd89f994762a272b811f24ee040ed5

ISO 2394

For in-plane spatial distribution measurement as described in 8.2:

B (1A

A

N-1
anoER (’l’)’ex '91 'Qr '¢s,n )
N

N-1
anoEs (A’lex '91 '9r ’¢s,n)
N

ei’er):

ex’

Gi'er):

ex’

where

]

For
desc

where ¢, is-the azimuth angle of observation.

||

2g(;t’/,]'ex 'ei ’er ’q)r ):

is the spectral intensity of scattered light of diffuse reflectance standard;

o] o

is the averaged spectral intensity Ep ;

is the spectral intensity of scattered light and fluorescence of the sample;

T
mﬂ

il

is the averaged spectral intensity E;

U
wv

., 1S the excitation wavelength;

L is the detection wavelength;

91 is the angle of incidence;

9r is the zenith angle of observation;

Ds'n is the nth azimuth rotational angle of a sample (n =0, 1, ..., N-1);

V  is the number of spectrum taken foryarying azimuth rotational angle of a diffusg
standard or a sample.

measurement of spatial light(distribution with varying azimuth angle of obs
ribed in 8.3:

N<1
Zn_ ER (l’ﬂ’ex 'ei 'er ’¢r ’¢s,n )
N

N-1
anoES (A'lex 'ei 'er '(br '(ps,n)
N

?(l'/ﬁt ei ’er’¢r):

ex”’

6:2020(E)

(0

(2)

reflectance

ervation as

(3

(4)

9.2

Conversion to photonm mumber-based spectrat distribution

In the case of measurement with fixed azimuth rotational angle of a sample, convert each corrected
(9.1.1) energy-based spectral distribution to the corresponding photon number-based spectral

distribution using Formulae (5) and (6):

A
h_
ERp _ERXE
A
h_
Esp _ES><h—C

where
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h
EgP

is the photon-based spectral intensity of scattered light of diffuse reflectance standard;

Esph is the photon number-based spectral intensity of scattered light and fluorescence of the sample;

A
h

C

is the detection wavelength;
is the Planck constant;

is the speed of light.

In the case of measurement with varying azimuth rotational angle of a sample, convert each corrected

(9.1.1) and 4
based spect

9.3 Calcu

9.3.1 Scaf

Use formula
diffuse reflg
the excitati
observation|

Table 1 —

[veraged (J.1.Z] energy-based spectral distribution to the corresponding photon nun
ral distribution using Formulae (7) and (8):

"
R he
A

5 X
hc

the averaged photon number-based spectral intensity of scattered light of diffuse reflect
andard;

the averaged photon number-based spectral intensity of scattered light and fluoresg
Fthe sample.

lation of scattered light and fluorescence photon numbers

'tered light photon number for diffuse reflectance standard

e tabulated in Table 1 for wavelength integration of the scattered light spectrum
bctance standard calculated.on a photon number basis (9.2) in the wavelength ran
n light (A.,~AA < A < A%AX) and calculate the scattered light photon number W at
angle.

Formulae for calcuilating the scattered light photon number of diffused reflecta
standard

hber-

(7)

(8)

ance

ence

of a
ge of
each

nce

Azimuth rotational angle of sample

Fixed Variable

Aex TAA Aex AL

Aoy 10.,6.,

Fixed |W(A,.6,.6,.,)= J' EgPh (2,

j EgPM (4,4, ,6,,6,,6,)dA | W (A

ex’ i’ r’

)dA

Azimuth angle
of observation

( ex'ei‘ r'
x~AA

Ao Aoy —AL

Aoy TAA
j EgPh (2,
-y

Aex AL
J' EgPh (2,
)

W (4 .6,.6,) Aoy 16,6

ex’

Variable L )dA | W (2, .6,.6,) Aoy 10,6

)dA

10
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is the scattered light photon number of diffuse reflectance standard;

is the photon number-based spectral intensity of scattered light of diffuse reflectance standard;

is the averaged photon number-based spectral intensity of scattered light of diffuse reflectance

standard;

is the detection wavelength;

9.3.2

s theexcitation wavelengtiy;

is the half-width of excitation wavelength range;

is the angle of incidence;
is the zenith angle of observation;

is the azimuth angle of observation.

Scattered and fluorescence photon numbers for phosphor sample

Calcylate the scattered light photon number and fluorescencé photon number at each obgerved angle

base
basif

If thd
and

excitation wavelength range and the fluorescernce wavelength range are substantial
fan be easily separated on the spectrum, integrate the wavelengths in the respective

d on the relative fluorescence spectrum of a phosphor sample calculated on a photfon number-
(9.2).

y separated
wavelength

rangps and determine the scattered light photon humber S and the fluorescence photon numpber F using

Formulae tabulated in Tables 2 and 3.
Table 2 — Formulae for calculating the scattered light photon number of phosphor sample
Azimuth rotational angle of sample
Fixed Variable
Aex TAL Aoy TAA
Fixed (ﬂ“ex 91 er ¢ J Eph A, /,l‘ex 91 er ¢ ) ( ex‘e 0 ¢ J E ph X 1'9 ¢ )
Azimuth angle ex A4 e A
of oljservation Aoy HAA YY)
Variable |S(A,.6,,6,)= j EPH (A, 2,,,6,,6,)dA | S(A,6,.6, )= j EPM (2,40 6,6, )dA
Aex AL Aex—AL
Table 3 — Formulae for calculating the fluorescence photon number of phosphor{sample
Azimuth rotational angle of sample
Fixed Variable
X
Fixed (lex' J ex'el'er'q)r)d)v ex' J.Esph A A’ex’ 9r'¢r)dl
Azimuth angle il
of observation A ﬂz
Variable | F (2o 8,,6,)= [ EP" (A0, 6,6, )dA | F (2, 61,6, )= [EP™ (4,266, )dA
M %!
where
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S isthe scattered light photon number of the phosphor sample;
F  is the fluorescence photon number of the phosphor sample;

EPMis the photon number-based spectral intensity of scattered light and fluorescence of the phos-
phor sample;

Egh is the averaged photon number-based spectral intensity of scattered light and fluorescence of
the phosphor sample;

A isthe detection wavelength;

Ay is the excitation wavelength;

A, is the short wavelength limit of the fluorescence wavelength range;
A, is the long wavelength limit of the fluorescence wavelength range;
AA is the half-width of excitation wavelength range;

6. isthe angle of incidence;

6. isthe zenith angle of observation;

¢, is the azimuth angle of observation.

If the excitation light wavelength range and the fluorescence, wavelength range are adjoining| and
wavelength| integration according to formulae tabulated<in Tables 2 and 3 may unintentiopally
incorporatefother components, use the relative fluorescente spectrum and the scattered light specfrum
to separate [the excitation light scattering component.aid the fluorescence component. The following
methods ar¢ examples for separation and extraction-of the fluorescence component.

Method 1: apply a suitable scale factor to the excitation light spectrum obtained in 8.2.1 and subjtract
the resulting spectrum from that obtained in'8:2.2 so as to obtain a smooth subtracted spectrum gt the
vicinity of the excitation light. Irregularities, in the vicinity of the excitation wavelength can be remgpved,
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.

9.4 Avergge of scattered.light or fluorescence photon number for variable azimuth
angle of ohservation

When out-of-plane spatial distribution is measured, calculate the mean for measurement of the zgnith
angle of obgervatien.as in the case of the azimuth angle of observation set for each defined angular
range. At this tinie, interpolate an estimate of values for dead angles produced near the incjdent
direction, wfith-such an estimate based on values at the nearby azimuth angles of observation. Spline
interpolatiomisamexample of ore inmterpotatiommethod whichcamrbeused:

A scattered light photon number for the diffuse reflectance standard and a scattered light photon
number and fluorescence photon number for the phosphor sample are determined using Formulae (9)
to (11), respectively, from the data set in which photon values in dead angle directions have been
interpolated.

N-1
zn: W(/lex 'ei 'er ’¢r,n )

I/I_/(;Lex'ei’er): N (9)
N-1

_ S (Aex 16:.6,,8, 1)

S(z’ex’ei'er)zznzo E);Vl " [10)

12 © IS0 2020 - All rights reserved
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F(

where

w

%) §I

2 n=0 (lex ’

r’¢r,n)

b 6,,6,)=

N

IS0 23946:2020(E)

is the scattered light photon number of the diffuse reflectance standard;

is the averaged scattered light photon number of the diffuse reflectance standard;

is the scattered light photon number of the phosphor sample;

(11)

9.5

is the averaged scattered light photon number of the phosphor sample;

is the fluorescence photon number of the phosphor sample;

is the averaged fluorescence photon number of the phosphor sample;

F
I
. is the excitation wavelength;
91 is the angle of incidence;
9r is the zenith angle of observation;
P n 1S nth azimuth angle of observation;
N

is the number of spectrum taken for varying.aziinuth angle of observation.

Luminescent radiance factor and reflécted radiance factor

A lurpinescent radiance factor f§; or B_L arid reflected radiance factor B or Eat the zenith angle of

obsefvation 6. corresponding to irradiation by excitation light at the incident angle 6, are

from|
in Taple 4

the radiance factor of the diffuse'reflectance standard Sy, (/l 6,,6
ble 4

oy +0,,6, ) using formul

determined
he tabulated

Taljle 4 — Formulae for-calculating luminescent radiance factor and reflected radiance factor

wherte

Luminescent radiance factor

Reflected radiance factor

. : F(;Lex'el er) n (/l 0 9 )
AZlmuth leed ﬁL (A'EX'GI er) VT/(A ) )Bw(lex 01 6r ﬁR (lex’ei‘er) WﬁW( ex ’ 1 er)
ex i’ r ex’’i’’r
angle 'of-ob- 0.5 S0
servation i = e %00 ex % Or
Variable | B, (%,.6,.6;) Wi el,er)BW(/leX 0,,6,) | B (Aex6;.6,)= W0, er)ﬁw( o 0:16.)

B, is the luminescent radiance factor of the phosphor sample;

B

By is the reflected radiance factor of the phosphor sample;

Br

By is the radiance factor of the diffuse reflectance standard;

is the averaged luminescent radiance factor of the phosphor sample;

is the averaged reflected radiance factor of the phosphor sample;

W' is the scattered light photon number of the diffuse reflectance standard;

© IS0 2020 - All rights reserved
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W is the averaged scattered light photon number of the diffuse reflectance standard;

S
S
F

F

is the scattered light photon number of the phosphor sample;
is the averaged scattered light photon number of the phosphor sample;
is the fluorescence photon number of the phosphor sample;

is the averaged fluorescence photon number of the phosphor sample;

Ay is the excitation wavelength;

0, is tllle angle of incidence;

6. is the zenith angle of observation.

9.6 Inter
dead anglq

In measure

observation|
estimated b
be used.

polation of luminescent radiance factor and reflected radiance factor at

a)

-

ment of in-plane spatial distribution, a dead angle develops near the incident dirertion
at values for the luminescent radiance factor and reflected radiance faétor of each zenith angle of
set for each definite angle interval. Each radiance factotr{in this dead angle regipn is
y interpolation. Spline interpolation is an example of on@ interpolation method whicl can

9.7 External quantum efficiency

External qu

In the case ¢

77ext (lex

In the case (

next ( )VEX

where

aintum efficiency 1, (4,

91) is determinedaising Formula (12) or (13).

ex’
f measurement with fixed azimuth angle)of observation:

90°
A0,

6)= Y, By ey 6, m20,) 2 (m-A6,)
=0

f measurement with vatying azimuth angle of observation:

"o,
6 )= z By (/’lex ,0;,m-AB, )Z(m~A0r)

m=0,

By is tllle Iuminescent radiance factor of the phosphor sample;

(12)

(13)

B is the averaged luminescent radiance factor of the phosphor sample;

Ay is the excitation wavelength;

1

r

6. isthe angle of incidence;

6. isthe zenith angle of observation;

A6, is the interval of zenith angle of observation.

14
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Z(6,

Z(er)=2n[1—cos[

A6
Z(Gr):47tsin[ 2r

) is a zonal coefficient, as shown in Formulae (14) and (15):

A6,
- || 6=00

jsinﬁ?r 0°< Or <90°

where 6, is the zenith angle of observation.

9.8

Interinal quantum efficiency 1, , (4., ,6;) is determined using Formula (16) or (17).

In th

IS0 23946:2020(E)

(14)

(15)

Internal quantum eriiciency

ex’

e case of measurement with fixed azimuth angle of observation:

90
/ArﬁL Aoy »6,,m-AB_) Z(m-AB,. )

ex’

=0
Mint ()’ex '0 ) 90/m
A6
Zm:O ' (1_ﬂR (ﬂ’ex '9 m-AQ )) (m‘Aer)
In the case of measurement with varying azimuth angle of obsérvation:

where

9.9

Y

Zg%er (Aey 0, m-A8.)Z(m-A8,)

ex’

}“eX’e 90
/A" (1-Bg (Aey ,6,,m-26, )} Z(m-A6, )

int (

ex’

L_@

is the luminescent radiance factot*of the phosphor sample;

e

is the reflected radiarice factor of the phosphor sample;

is the averaged réflected radiance factor of the phosphor sample;

|

N

is the zonal-coéfficient as described in 9.7;

ox 1S the exeitation wavelength;

91 is.the'angle of incidence;

AB_is the interval of zenith angle of observation.

is the averaged luminescent radiance factor of the phosphor sample;

(16)

(17)

Absorptance

Absorptance a(4,, ,6,) is determined using Formula (18) or (19).

© ISO
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In the case of measurement with fixed azimuth angle of observation:

",
a(lex’ei): Z (1_ﬁR()'ex'ei’m.Aer))Z(m'Aer)

m=0
In the case of measurement with varying azimuth angle of observation:

90°,
%6,

a(/lex'ei): 2 (1_E(ﬂ’ex'ei’m'Aer))Z(m'Aer)

(18)

(19)

=9y

where

By is the reflected radiance factor of the phosphor sample;

Br is the averaged reflected radiance factor of the phosphor sample;

Z is the zonal coefficient as described in 9.7;

Ao is the excitation wavelength;

91 is the angle of incidence;
AB.is the interval of zenith angle of observation.
Absorptance is calculated using Formula (20):
Y _next (lex ’91)
a( ex ’li )_ l 9
Tint ( ex ' )
where

Miye 1S ternal quantum efficiency;

Tyt 1S ekternal quantum efficiency

10 Test report
Report at least the following information in the test report:
a) number]of this decument, i.e. ISO 23946:2020;

b) date of nedsurement and measurement personnel;

(20)

c) sample name;

d) thickness of the sample;

e) name and model of measurement equipment;
f) radial measurement distance;

g) angle of incidence;

h) range and interval of zenith angle of observation;

i) range and interval of azimuth angle of observation for out-of-plane spatial distribution

measurement;

16
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