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g diodes (L

suring methods and the quality evaluations of light emittin
strial applications such as signals, controllers, sensors, etc.

Y cl

EDs) for ger;
s for lighting applications are out of the scope of this part of IEC 60747.

s are classified as follows:

LED package;

LED flat illuminator;

LED numeric display and alpha-numeric display;
LED dot-matrix display;

H-ED-{infrared-emitting diode (IR LED);
ultraviolet-emitting diode (UV LED).

ader are within the scope of this part of IEC'60747.

integration of LEDs and controlgears, integrated LED modules, semi-integrated
ules, integrated LED lamps or semisintegrated LED lamps, are out of the scope of this
FC 60747.

Normative references

following documents.are referred to in the text in such a way that some or all of their con
stitutes requiremeénts of this document. For dated references, only the edition cited app
undated refetences, the latest edition of the referenced document (including
ndments) applies.

60051 \(all parts), Direct acting indicating analogue electrical measuring instruments
I accessories

ssthe

ral

s with a heat spreader or having a terminal geometry that performs the function of a heat

LED
part

tent
ies.
any

and

IEC

60068-2-17, Basic environmental testing procedures — Part 2-1/: Tests — Test Q. Sea

ing

IEC 60068-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic

(12

h+ 12 h cycle)

IEC 60747-5-13, Semiconductor devices — Part 5-13: Optoelectronic devices — Hydrogen
sulphide corrosion test for LED packages

IEC 60749-6, Semiconductor devices — Mechanical and climatic test methods — Part 6: Storage
at high temperature

IEC 60749-10, Semiconductor devices — Mechanical and climatic test methods — Part 10:
Mechanical shock
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IEC 60749-12, Semiconductor devices — Mechanical and climatic test methods — Part 12:
Vibration, variable frequency

IEC 60749-14, Semiconductor devices — Mechanical and climatic test methods — Part 14:
Robustness of terminations (lead integrity)

IEC 60749-15, Semiconductor devices — Mechanical and climatic test methods — Part 15:
Resistance to soldering temperature for through-hole mounted devices

IEC 60749-20, Semiconductor devices — Mechanical and climatic test methods — Part 20:
Redistance of plastic encapsulated SMDs to the combined effect of moisture and soldering heat

IEC|60749-21, Semiconductor devices — Mechanical and climatic test methods —<{Part|21:
Solgerability

IEC|60749-24, Semiconductor devices — Mechanical and climatic test methods — Part|24:
AccElerated moisture resistance — Unbiased HAST

IEC|60749-25, Semiconductor devices — Mechanical and climatic’\téest methods — Part|25:
Temperature cycling

IEC|60749-36, Semiconductor devices — Mechanical and-climatic test methods — Part|36:

Accpleration, steady state

ISO[ 2859-1, Sampling procedures for inspection by attributes — Part 1: Sampling schemes
indgxed by acceptance quality limit (AQL) for lot-hy4lot inspection

3 |Terms, definitions and abbreviations

For|the purposes of this document, thedollowing terms and definitions apply.

ISOland IEC maintain terminalpgical databases for use in standardization at the folloy
addfesses:

ng

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browging platform: available at http://www.iso.org/obp
3.1| General terms and definitions

3.1
intdgrating.sphere
hollpw sphere—wheseinternalcurfcecis o diffucereflector—ae nop-selestive nspessible | the
intefier0f which is formed from, or coated with, a diffusely-reflecting material that iy as
spectrally neutral and as spaually aniform as possible

Note 1 to entry: Owing to the internal reflections within the sphere, the illuminance on any part of the inside surface
of the sphere for which the direct flux is hidden is theoretically proportional to the luminous flux entering the sphere
or produced inside the sphere. The illuminance of the internal sphere wall can be measured via a small window.

Note 2 to entry: The window of an integrating sphere is often used in radiometric measurement systems to provide
a source with good spatial uniformity and with an angular distribution of radiance or luminance that is close to
Lambert's cosine law.

[SOURCE:
ha#e—been—mme#ed— IEC 60050 845 2020 845 25 028]
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3.1.2
diffuse reflector
reflector composed of a surface with diffuse reflection

3.1.3

diffuse reflection

diffusion scattering by reflection in which, on the macroscopic scale, there is no regular
reflection

[SOURCE:-EC-60050-845:1987,-845-04-47 |IEC 60050-845:2020, 845-24-054]

314

diffuse transmission
diffgsion scattering by transmission in which, on the macroscopic scale, there is\no regular
tranismission

[SOURCE:HEC-60050-845:1987,-845-04-48 |IEC 60050-845:2020, 845-24,055]

3.1.
diffuse reflectance
R

quotient of the diffusely reflected part of the (whole) reflected flux;+te and the incident|flux

Notel 1 to entry:—R==R —+R, Reflectance, p, is the sum of regular reflectance, p,, and diffuse reflectance, py: p 4 p, +
Pd

Notel 2 to entry:—The—results—of-the—measurements—of R —apd-R —depend-on-the-instruments—and-the—measyring
techhiques—used- The diffuse reflectance has unit one.

[SOURCE:HEC-60050-845:1987,-845-04-62\/EC 60050-845:2020, 845-24-068]

3.1.6
diffuse transmittance
g 4

ratig¢ quotient of the diffusely transmitted part of the (whole) transmitted flux;-te and the incigent
flux

Notel 1 to entry:—F=Z-~-F, Transmittance, z, is the sum of regular transmittance, 7, and diffuse transmittance, z:

=q| +
T T Td.

Notel 2 to entryse<Fhe—resulis—of-the—measurements—of- T —and-T —depend-on-the—instruments—and-the—measfring
techfiques yseds The diffuse transmittance has unit one.

[SOURCE:{EC-60050-845:1987,-845-04-63 IEC 60050-845:2020, 845-24-069]

3.1.7

lambertian surface

ideal surface for which the radiation coming from that surface is distributed angularly according
to Lambert's cosine law

Note 1 to entry: For a lambertian surface, M = L, where M is the radiant exitance or luminous exitance, and L the
radiance or luminance.

[SOURCE:-EC-60050-845:1987,-845-04-57 |IEC 60050-845:2020, 845-24-063]
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3.1.8
spectral reflectance

ratio of reflected radiant flux to incident radiant flux for a wavelength 1

Note 1 to entry: Spectral reflectance is also known as the "spectral reflection factor".

3.1.9
spelctral transmittance
(A

rati¢p of transmitted radiant flux to incident radiant flux for a wavelength 4

Note| 1 to entry: Spectral transmittance is also known as the "spectral transmittance factor".

3.1p10

spejctral distribution
pro;rortion of the quantum of radiation per unit wavelength included in the micro wavelength
intefval centre on wavelength A, which is expressed as a fungtion of wavelength 4

Note| 1 to entry: Spectral distribution is also known as the "spectrum distribution"”.

3.1./11

speictral sensitivity
S(A
light sensitivity as a function of wavelength

Note| 1 to entry: The response output of the'.dptical receiver for the radiant-pewer flux (or luminous flux) input of
wavglength 1 is expressed as a function of wavelength A.

3.1.2

disfribution temperature
Tp
temperature of the Plangkian radiator whose relative spectral distribution S(L) is the same or
neafly the same as that of the radiation considered in the spectral range of interest for which
the ffollowing integfalyis minimized by adjustment of « and T:

2

5

f aSy(AT)

“

where 1 s the wavetengtt, 5{{A) s the Tetative spectrat distribution of the radiation being
considered, Sy(4, T) is the relative spectral distribution of the Planckian radiator at temperature
T, and «a is a scaling factor

Sy (2)

Note 1 to entry: The scaling factor a is chosen to make the quotient
Sp (4.7)

equal to unity at a convenient
wavelength which, in photometry and colorimetry is typically 560 nm.
-1

S

P(AT . - . i
( ) with P(i,T) =1 5 el —1 where ¢, is the second radiation constant.

- P(560nm,T)

S, (A7)
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Note 2 to entry: Distribution temperature is a meaningful characteristic for radiators having a relative spectral
distribution similar to that of a Planckian radiator, but only if calculated for an expanded wavelength range and for
radiation whose spectral distribution of radiant flux is a continuous function of wavelength in that range.

Note 3 to entry: In photometry and colorimetry the wavelength range set by 4, and 4, is the visible spectral range,
and in these cases the range from at least 2, = 400 nm to 4, = 750 nm is recommended.

Note 4 to entry: In practice, the integral is replaced by a summation. For incandescent lamps, equally spaced
wavelength intervals of 10 nm will usually suffice. All values in the summation are treated with equal weight.

Note 5 to entry: The distribution temperature is expressed in kelvin (K).

Note 6 to entry: For further information, see CIE 114-1994 _CIE Collection in Photometry and Radiometry — 114/4
Distrjbution Temperature and Ratio Temperature. A

[SOURCE:4EC-60050-845:1987,-845-04 |IEC 60050-845:2020, 845-24-017] Qy

3.1.3 Q
infrared-emitting diode (bq/
IR LED %
lighf emitting diode that emits infrared radiation ,\¢

™

3.1/14 Q/\

infrared radiation %

optikal radiation for which the wavelengths are longer than thgé for visible radiation
N\

Notel 1 to entry: For infrared radiation, the range between 780 nméné mm is commonly subdivided into:

IR-A} 780 nm to 1400 nm, or 0,78 pym to 1,4 ym; QQ

IR-B} 1,4 uym to 3 um; 0\\

IR-C} 3 ym to 1 mm. @s\

Notel 2 to entry: A precise border between "visi radiation" and "infrared radiation" cannot be defined becpuse

visugl sensation at wavelengths greater than 7 m can be experienced.

Note| 3 to entry: In some applications the~infrared spectrum has also been divided into "near," "middle," and|"far"
infrafed; however, the borders necessariTk ary with the application.

[SOURCE: IEC 60050-843@5{), 845-21-004, modified — The second preferred term| (IR
radiption) and the admittedterm (IRR) have been removed.]

3.115 OQQ

ultrpviolet-emit il@diode
Uv LED :
ligh emittinbgode that emits ultraviolet radiation

D

6

3.1.4
pol

Note 1 to entry: The range between 100 nm and 400 nm is commonly subdivided into:
UV-A: 315 nm to 400 nm;
UV-B: 280 nm to 315 nm;
UV-C: 100 nm to 280 nm.

Note 2 to entry: A precise border between ultraviolet radiation and visible radiation cannot be defined, because
visual sensation at wavelengths shorter than 400 nm is noted for very bright sources.

Note 3 to entry: In some applications the ultraviolet spectrum has also been divided into "far," "vacuum," and "near
ultraviolet; however, the borders necessarily vary with the application (e.g. in meteorology, optical design,
photochemistry, and thermal physics).
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[SOURCE: IEC 60050-845:2020, 845-21-008, modified — The second preferred term (UV
radiation) and the admitted term (UVR) have been removed.]

3.2 Terms and definitions relating to the measurement of the quantity of radiation

3.2.1
radiant energy

Qe
. . | of 4 . ¢ » . | .

enefgy emitted, transferred or received in the form of electromagnetic waves

Note| 1 to entry: Radiant energy can be expressed by the time integral of radiant flux, @, over a given dliratior, At:

0, 1], o

Note] 2 to entry: Radiant energy is expressed as a function of wavelength, 4, as a functioh)of frequency, v, or|las a
func{ion of wavenumber, o.

Notel 3 to entry: The corresponding photometric quantity is "luminous energy{"™\The corresponding quantity for
photpns is "photon energy".

Notel 4 to entry: The radiant energy is expressed in joule (J = W's).

[SOURCE:HEC-60050-845:1987,-845-01-27 IEC 60050-845:2020, 845-21-041]

3.2
radjant flux

pewer-emittedtransmitted-orreceived-in-thie-form-of radiation

chapge in radiant energy with time

90

o L
[ ar

whgre Q. is the radiant gnergy emitted, transferred or received, and ¢ is time

Notel 1 to entry: The gorresponding photometric quantity is "luminous flux". The corresponding quantity for phqtons
is "ppoton flux".

Note] 2 to entry:{/Fhe term "radiant flux" is the preferred term for most radiometric applications, with the nofable
excepption of Jdser radiometry where the term "radiant power" is more commonly used.

Note| 3 tolentry: The radiant flux is expressed in watt (W).

~Jallle: 400 Q a) 4 caaalifio dl

[SOURGE: - 4-54087—R 4L - egiHed SEere—Res—E sedloch
IEC 60050-845:2020, 845-21-038, modified — The symbols P,, @ and P have been removed and
the second preferred term "radiant power" has been removed.]

3.2.3
radiant intensity

density of radiant flux with respect to solid angle in a specified direction
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da,
do

where @, is the radiant flux emitted in a specified direction, and Q is the solid angle
containing that direction

Source

021

IEC

Figure 1 — Radiant intensity

Note] 1 to entry: The definition holds strictly only for a point source.

Notel 2 to entry: The distribution of the radiant intensities as a funCtion of the direction of emission, e.g. givg
the golar angles (4, ¢), is used to determine the radiant flux, ®g'within a certain solid angle, @, of a source:

e

Notel 3 to entry: The corresponding photometrigsguantity is "luminous intensity". The corresponding quantit

phot

Note]4 to entry: The radiant intensity is\éxpressed in watt per steradian (W-sr™7).

[SOURCE:+EC-60050-845:1887, 845-01-30 IEC 60050-845:2020, 845-21-044, modified —
symbol 7 has been removed and Figure 1 has been added.]
3.24
rad{ance
Le

. ) . ddg
quaptity defined by the formula Lg = -

d4-cosé-dQ

s

o 4 ”Ie(s,q;)sinSd(pd&.

Q

bns is "photon intensity".

n by

for

The

density of radiant intensity with respect to projected area in a specified direction at a specified
point on a real or imaginary surface

e:

dr, 1
d4 cosf’
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where I, is radiant intensity, 4 is area, and ¢ is the angle between the normal to the surface at
the specified point and the specified direction

LEC

Figure 2 — Radiance QS/

Note| 1 to entry:—Fheunit used-is—W/{sr-m?}). The radiance is expressed in watt per square n&per stergdian
(W-nmp=2-sr71).

[SOURCE: ) ifi itti é proe
IEC|60050-845:2020, 845 21 049 modlfled - The symbol L has b “removed, the angle
symbol a has been replaced by 0, the notes have been removed, a/“ note has been added

and|Figure 2 has been added.] (b
3.25 C)
rad|ant exitance 5\\<</

denpity of exiting radi flux with respect to area at a point on a real or imaginary surface
a0, o
=
d4. ()
wheg reé)s radiant flux and 4 is the area from which the radiant flux leaves
N

Note 1 to entry: For Planckian radiation, Me=aT4 where o is the Stefan-Boltzmann constant and 7T is

thermodynamic temperature.

Note 2 to entry: The corresponding photometric quantity is "luminous exitance". The corresponding photon quantity
is "photon exitance".

Note 3 to entry: The radiant exitance is expressed in watt per square metre (W-m~2).
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d4
IEC

Figure 3 — Radiant exitance

[SOURCE:-EC-60050-845:1987,-845-014-47 |IEC 60050-845:2020, 845-21-080, modified — The

symhaol M has been remaved and Figure 3 has been added ]

3.2. Q}/
power efficiency

N

LED, Velg, where Vg is the forward voltage and /¢ is the forward current % ‘LED
/\/
Pe /\b‘
e[ Q
Ve Ig %)

Notel 1 to entry: Power efficiency is also known as the "wall-plug effic %&/". Power efficiency is identical t
"radipnt efficiency" when the power dissipated by any auxiliary equipmeht is excluded from the electrical power|

with "radiant flux".] Q
>

3.2 b\

irradiance \\S\@

dengity of incident radiant flux&li(-h respect to area at a point on a real or imaginary surfacg

o

o L a2 )
e d4 @
O

whgre @, is rad&{_ﬂux and 4 is the area on which the radiant flux is incident

= ‘1/
ratip of the radiant flux (coupled to free space), @, to the electrical power éagumed by

[SQURCE: IEC 60747-5-8:2019, 3.2.1, modified — T%%rm "radiant power" has been replg

the

the

ced

d4
IEC

Figure 4 — Irradiance

Note 1 to entry: The corresponding photometric quantity is "illuminance". The corresponding quantity for photons

is "photon irradiance".
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Note 2 to entry: The irradiance is expressed in watt per square metre (W-m~2).

[SOURCE:41EC-60050-845:1987-845-01-37 |IEC 60050-845:2020, 845-21-053, modified — The
symbol E has been removed and Figure 4 has been added.]

3.3 Terms and definitions relating to the measurement of the photometric quantity

3.3.1

photometric standard lamp

lamp used for photometry that provides excellent stability and reproducibility and can indicate
the photometric quantity

Note| 1 to entry: There are two types of these lamps: luminous intensity standard lamps to which the\lumipous
intenjsity value is added and luminous flux standard lamps to which the total flux value is added.

3.3.2
speictral luminous efficiency
V(A
relative spectral efficiency, which is defined as the standard value of) spectral luminfous
effigiency for human eyes and whose maximum value is set to 1

Vv (2)

S |
e

ey AT

0,5 frmmmmmmmmdmme oo R S

0 >

300 400 500 600 700 800 900 4 (nm)

IEC

Figure 5 — Spectral luminous efficiency

Note| 1 to entry: JTRe*spectral luminous efficiency for photopic vision was agreed at the CIE (Internat|onal
Commission on dllumination) in 1924 and adopted by the CIPM (Comité International des Poids et Mesurps —
Interpational Gommittee for Weights and Measures in English) in 1933. The values for spectral luminous efficiency
werg originally~given for the wavelength range 380 nm to 780 nm at 10 nm intervals. In 1972, new values ere
adogted by the CIPM for the wavelength range 360 nm to 830 nm at 1 nm intervals.

Notel 2\{o” entry: Figure 5 and Table A.1 in Annex A show the graph and the numerical scheme for the spqctral
luminous efficiency, respectively.

3.3.3

maximum spectral luminous efficiency

Km

maximum value that is expressed as the spectral concentration of the luminous flux in
wavelength A divided by the spectral concentration of the corresponding radiant-pewer flux

Note 1 to entry: 683 Im/W (A = 555 nm) is the value adopted by the CIPM.
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3.3.4

lum

inous flux

021

wheg

Notel

to itd action upon the CIE standard photometric observer. L% us flux can be derived from the spectral radian
distr{bution by 5\0

i %
@, 4 Ky [ D, 2(2)V (2)d2 AN

0 K\

)

whete X is maximum luminous efficacy, @ % is spectral radiant flux, V(1) is spectral luminous efficiency an
wavglength. b\
Notel 2 to entry: The distribution @ luminous intensities as a function of the direction of emission, e.g. give
the golar angles (9, ¢), is used t@ rmine the luminous flux, @ , within a certain solid angle, @, of a source:

]

\

Notel
"pho

Note

hge in luminous energy with time b/‘\,

| dOy ©
dt
<</O

re O, is the luminous energy emitted, transferred or r%;l‘ved, and ¢ is time

1 to entry: Luminous flux is a quantity derived from the@t flux, @, by evaluating the radiation acco
i

Q

”Iv (8,9)sin9dp @ .
&

3 to entry: @corresponding radiometric quantity is "radiant flux". The corresponding quantity for photo|
on flux".

4 to@ﬁy: The luminous flux is expressed in lumen (Im).

[SO

ding
flux

n by

hs is

- IEC 60050-845:2020, 845-21-039, modi

— The symbol @ has been removed.]

335
. £ licht

=

. | of the tuminous flus b, o durati

O =Pyt
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3.3.5

luminous energy

Oy

energy of electromagnetic waves weighted by the spectral luminous efficiency multiplied by
maximum luminous efficacy of a specified photometric condition

Note 1 to entry: Luminous energy for photopic vision is expressed by

@, 4 Ky | D, 2(2)V (2)d2
0 \%
whete Q.,4(1) is the spectral radiant energy at wavelength 4, V(1) is spectral luminous efficiency, and A\ ig maximum

lumifous efficacy. (19

Notel 2 to entry: The term "quantity of light" is no longer used. .
/
Notel 3 to entry: Luminous energy can be emitted, transferred or received. /\fo

Note]4 to entry: Luminous energy can be expressed by the time integral of the/N%nous flux, @, over a given
durafion, Ar: %

Qv — .[At(pvdt \Q/C)

Notel 5 to entry:  The corresponding radiometric quantity is "radiant en&y". The corresponding quantity for phqtons
is "ppoton energy".

Notel 6 to entry: The luminous energy is expressed in lumen Q&d (Im-s) or lumen hour (Im-h).

N
[SOURCE: IEC 60050-845:2020, 845-21-037, h\%ified — The symbol O has been removed|]

3.3.
lumlinous intensity . Q,$

density of luminous flux with respect to solid angle in a specified direction

_dqjv
Vo de

where @, is the luminous flux emitted in a specified direction, and Q is the solid angle containing
that direction

Note 1 to entry: For practical realization of the quantity, the source is approximated by a point source.
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Note 2 to entry: The distribution of the luminous intensities as a function of the direction of emission, e.g. given by
the polar angles (4, ¢), is used to determine the luminous flux, @ , within a certain solid angle, @, of a source:

@, = [[1,(8.9)singdpds.
Q

Note 3 to entry: Luminous intensity can be derived from the spectral radiant intensity distribution by

I, = Kmofole,i(i)V(l)di
0

whete K., is maximum luminous efficacy, 7 ,A(1) is the spectral radiant intensity at wavelength 1, and ¥(1) is&ectral
lumious efficiency. \/

Note]4 to entry: The corresponding radiometric quantity is "radiant intensity". The correspondir}gk antity for
photpns is "photon intensity".

Notel 5 to entry:  The luminous intensity is expressed in candela (cd = Im-sr™"). 6(1/

[SOURCE: - o
IEC|60050-845:2020, 845 21 045 mOdIerd The symbol I has bee

3.3.f

lumli O
L:/mmance \\((/
quaptity defined-by-the formula (@)

. do, QQQ

| d4-cosp-do” N\

denpity of luminous mt%slty with respect to projected area in a specified direction at a specified
a

point on a real or im ry surface

d;, 1

a4 cos@Q“®

whereépl luminous intensity, 4 is area and @ is the angle between the normal to the surface
at tille\ ecified point and the specified direction

Note 1 to entry: The spatial definition of luminance is shown in Figure 2; however, symbol 7, should be changed to
1

v

Note 2 to entry:—TFheunit used—is:—cd/m® The luminance is expressed in candela per square metre (cd-m™2 =
Im-m~2-sr™ 1),

[SOURCE: i :
Ne%e—has—beaq—added— IEC 60050 845 2020 845 21 -050, mOdIerd — The symbol L has been
removed, the angle symbol a has been replaced by ¢, the notes have been removed except
Note 8, that has become Note 2 and a new Note 1 has been added.]
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8
inous exitance

changed-to-P - (19
denpity of exiting luminous flux with respect to area at a point on a real o%&ginary surfag
4

dob A
M, |=— /\b‘

d4 COQ
whgre @, is luminous flux and 4 is the area from which the I@bus flux leaves

N
Note] 1 to entry: Luminous exitance can be derived from the spect@l éiant exitance distribution by
My | ki ] M0, 4(2)1 (2)a <
0 N\
QO

whete K is maximum luminous efficacy, M,i(4) is the @ectral radiant exitance at wavelength 1 and V(1) is sp¢g

lumi
Inted

Notel
phot

Note

[SO
IEC

3.3.9

quoli
the|

|IIum|nanch"

ous efficiency. B\
ral limits can be confined depending on H\Qspectral responsivity of the detectors used as a sensor.

2 to entry: The corresponding rq@netric quantity is "radiant exitance". The corresponding quantit
bns is "photon exitance". \{‘

3 to entry: The luminous @ce is expressed in lumen per square metre (Im-m~2).

URCE:+EC-60059 8
60050-845:2020

incid : : inint :

ctral

for

density of incident luminous flux with respect to area at a point on a real or imaginary surface

E, =

dao,
d4
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where @, is luminous flux and 4 is the area on which the luminous flux is incident

Note 1 to entry: llluminance can be derived from the spectral irradiance distribution by
o0
K [ et (2)V (2)d2
0
where K is maximum luminous efficacy, £.,4(1) is the spectral irradiance at wavelength 1 and V(1) is spectral

luminous efficiency.

Note,

2 to entry-  The corresponding radiometric quantity is "irradiance" The corresponding quantity for photo

s is

"pho

Note

Note

to @|.

[SO
IEC
bee

3.4

3.4,
the
quo
a st

[SO
3.4.
eleq
Riny
quo
Tj a
Rin(

Notel

3.48

rea
Rin

on irradiance". A
3 to entry: The illuminance is expressed in lux (Ix = Im-m™2). '\Q
4 to entry: The spatial definition of illuminance is shown in Figure 4; however, symbol @ @ d be cha

h added ] Q

Terms and definitions relating to the measuremenththe thermal quantity
1
mal resistance

fient of the difference between the virtual temp Q@ e of the device and the temperatur
bted external reference point, by the steady- s\ ower dissipation in the device
URCE: IEC 60050-521:2002, 521-05-13] @KO
&
D N
trical thermal resistance A‘\Q’
-X)el
fient of the difference in th ﬂ%rmodynamic temperature between the junction tempera

hd the reference point te%@erature Ty, by the electrical power dissipation P

-k gy’
X)el =7 p O
1 to entry: T@eﬂectrical thermal resistance is expressed in kelvin per watt (K-W™").

th@ resistance

e of

fure

quo

fertof thedifference i thethermodymamic temperature betweeTT thejunctiom tempera

ure

TJ- and the reference point temperature Ty, by the heating power dissipation (the heating power
dissipation is the electrical power dissipation minus the radiant flux)

Ti-Ty

R,/ =—
th(j-X)real
(iXJreal =p _ g,

Note

3.5
PCB
AC

1 to entry: The real thermal resistance is expressed in kelvin per watt (K-W™).

Abbreviations
printed circuit board

alternating current
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DC direct current

4 Absolute maximum ratings

Absolute maximum ratings are shown in Table 1. They are specified at the ambient temperature
or the reference point temperature Ty = (25 + 3) °C, unless otherwise stated.

These ratings are applicable to-the-five-types-of LED-as described-in-Clause1 the six types as

follows:

a) LED package;
b) LED flat illuminator;
c) LED numeric display and alpha-numeric display;
d) LED dot-matrix display;
e) [HLED{infrared-emitting-diode)} IR LED;
f) UV LED.
Table 1 — Absolute maximum ratings
To be applicable
Item Symbol |[Conditions| Ratings Uhit for LEDs of type
a) | b) | c)|d)]|e |[f)
Alloyved forward current @ It - mA ) o o o o o
Totql allowed forward current ° It - mA ) o o o o o
Forward current lapse rate ° Al - mA/°C o o o o o o
Pws
Allo )edafc;rward pulse Iepm A o o o o o R
currgnt & Dty =
Totql allowed forward pulse 7 Pw =
b e FPM A o o o o o o
current Duty =
Pw =
Alloyed forl')ward pulse current Ny A o o o o o R
lapsg rate - © Duty =
Reverse voltage Vr \Y o o o o o
Eledtrostatic discharge™:* ESD HBM v o o o o
Tj =
Alloyved powef dissipation ? Pp or mwW ) o o o o o
TX =
Opefating temperature °© Tyor Ty - ~ °C o o o o o o
Storage temperature ¢ Tog - ~ °C o o o o o o
Soldering temperature Teo - °C o o o o |o



https://iecnorm.com/api/?name=b4a05822275118403cf09d99b23c2df0

— 26—

IEC 60747-5-6:2021 RLV © IEC 2021

¢ Pw = pulse width.

2 These values are specified for each segment.

These items are specified when necessary.

Reference point X shall be selected according to the purpose.

The storage temperature is specified for ambient temperature.

Reference point temperatures are described as T for case, Tg for soldering point and 7, for atmosphere.

¢ The operating temperature is specified based on junction temperature TJ or reference point temperature 7 at X.

f BMESD = himan bhody madal [ aglaoctractatio dicoharag toct (IEC ON740 2480\
J J \ I

5 |Electrical and optical characteristics

Ele¢trical and optical characteristics are shown in Table 2. They are specified at the amb|

temperature or the reference point temperature Ty = (25 + 3) °C, unless otherwise stated.

ient

Thefse electrical and optical characteristics are applicable to-the-fivetypesof LED-asdeseribed
m-Glause1 the six types as follows:

a) LED package;
b) LED flat illuminator;
c) LED numeric display and alpha-numeric display;
d) LED dot-matrix display;
e) [HLED{infrared-emitting-diode)} IR LED;

f) UV LED.
Table 2 — Electrical and optical characteristics
. Characteristics To be applicable for[?
Item Symbol Meastﬁrlgg Conditions Unit

metho min. | typ. | max. a) [ b) | c) | d | ef]| 9
Forward voltage Ve seé 6)2 |[=..mA - \Y o o o o o o
Reversq current Iq see 6.5 |Vg=-V - - MA o o o o o o
Luminoys flux P @] see 6.10 |/ =.. mA Im o o o o
Radiant|flux ¢ P, see 6.11 |l =.. mA mwW o o
Luminods

1 I = .. mA
intensity b ¢ v see 6.12 |/ mcd o o o
Radiant|infensity #¢ 1, see 6.13 |l = .. MA mW/sr o o
Luminance L, see 6.14 |l = .. mA cd/om? 5 > S
Peak emission 1 see 6.15 |I. =.. mA nm o o o o o )
wavelength © P ’ P
Spectrum width of I = . mA
half value Al see 6.15 |l = - - - nm o o o o o o
Dominant emission ﬂ“d see 6.16 Iy = .. mA nm o o o o
wavelength ©
Chromaticity ¢ f X,y see 6.16 |l = .. mA — o o o o
I = .. mA
d;

Cut-offfrequency ©%| 7. see 6.9 |[I(f)= .mA| - MHz o | o
’ fo = .. MHz
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Item

Symbol

Measuring
method

Characteristics

Conditions

min.

typ.

max.

Unit

To be applicable for @

a)

b)

c)

d)

e)

f)

& f h,i

Thermal resistance R

th(j-X)el

see 6.7

K/w

th(j-

J
X)real

see 6.7

KIwW

Power efficiency

Mpe

IEC 60747-
5-8

.. mA

Full wid

intensity X

h half
maximum of an

291/2

see 6.17

.. mA

2 The

b Eith
¢ Eith
4 Eith
e Eith
¢ The

€9 Eith

i The

gk The

e values are specified for each segment.
b Eithb ) . . . lusci fied.
o Eithb ) ) ) o fied

e items are specified when necessary.

radiation pattern of LEDs is shown with a figure.

fh Refdrence point X is selected according to the purpose.
Thefmal resistances are described using reference points R

following measurement condition should be descripgd:

th(j-c)

— | measuring method (heating method or cooling*gethod);

br luminous intensity or luminous flux or both of them is specified.
br radiant intensity or radiant flux or both of them is specified.

br luminance or luminous intensity or both of them is specified.

pr cut-off frequency or response time (rise time, fall time) is specified.

for case, R

— |the thickness and area of the pattern (eQpper) that is on the PCB;

— |the size, material and fin of the attached heat sink (if appropriate).

th(j-s)

for solder point and R

— | the configuration, size and material of the PGB that the test LED is mounted on;

br peak emission wavelength or dominant emission wavelength or botH of-them is specified.

i It shjould be specified for LEDs with.fower consumption 20,5 W and power efficiency 210 %.

th(j-a)

for 4

mbient.

6 [Measuring'method

6.1
6.1.1

Basic_requirements

Measuring conditions

The measuring conditions are the following:

a) Temperature

H-not-specified; Measurements shall be made at an ambient (

T,

a

) or reference point

temperature (Ty) of (25 + 3) °C in a condition of-free-air natural convection unless otherwise
specified.

b)

Humidity

When-humidity-condition-isnot-spescified; Relative humidity shall be between-45 25 % and

85 75 % unless otherwise specified.

Atmospheric condition

Atmospheric condition shall be between 86 kPa and 106 kPa unless otherwise specified.
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d) Precaution

In some cases, measurements change because of heat generation in the test LED over time.
In that case, it is necessary to decide on the measurement time, otherwise the measurement
shall be performed after reaching thermal equilibrium.

Thermal equilibrium may be considered to have been achieved if doubling the time between
the application of power and the measurement causes no change in the indicated result
within the precision of the measurement instruments.

6.1.2 Measuring instruments and equipment

6.1.2-+—Generat

Thel measuring instruments and equipment are specified in 6.1.2.2 to 6.1.2.7.

6.1.2.2 Power supplies

DC jpower-supply ripple shall be less than 3 %. In addition, the impedance alue of the pgwer
supply shall not affect the measurement.

6.1.2.3 Instruments for electric characteristics and measuring instruments

When the accuracy is not specified, the instrument shall be as specified in IEC 60051 (all pafts).
A djgital instrument and the measuring instrument shall have’ an accuracy either equalling or
surpassing IEC 60051 (all parts), and the impedance shall be such that the influence on|the

megsurement system can be ignored.-However-this-is_not-the-case-in-the-following-situatigns:
R . infl r . ﬁ _

NOTE Instead of the semiconductor electric characteristic measurement with the set of power supply and cufrent
sourge, the source monitor unit (SMU) that combinés\voltage/current source and digital measurement functions, or
SMU system, has become the industry-wide standard. The measurement with SMU is suitable for high-accyracy
measurements, such as in 6.5.

6.1.2.4 Standard light source

A light source for the photometry with high stability, high reproducibility and with an appropriate
photometric value shall be used.

6.1.2.5 Measuring instruments for photometry
Ong of the following“instruments shall be used:

a) A menechrometermonochromator-type instrument (a wavelength scanning fype
monochromatic light spectrophotometer):

A\ spectrophotometer that measures a spectrum by turning a diffraction grating, and ta
ight of a specific wavelength through a slit sequentially and selectively.

ng

b) A pelyerometerpolychromator-type instrument (many wavelength spectrophotometer):

A spectrophotometer which measures a spectrum with a detector at the same time using a
one-dimensional photodiode array from the diffraction light out of a fixed diffraction grating.

c) A filter-type instrument (¥(1) spectrophotometer):

A photometer which has characteristics that are similar to spectral luminous efficiency,
without using a spectrum optical system. This photometer comprises a photoelectric tube,
a photomultiplier or a photoelectromotive force device whose sensitivity distribution on the
light receiving side is flat and stable with a filter for visual sensitivity revision. In using this
filter-type photometer, the measuring light shall be monochromatic, and the wavelength
range of objective light should be within the wavelength range of the measuring instrument.

NOTE The filter-type photometer is not suitable for the photometry of the following products:
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— product which has a light mixing method using excited light emission from the LED die and the fluorescent
substance applied onto the LED die (phosphor based LEDs), or

— product of a many-wavelength light emission method equipped with different LEDs of a plurality of emission
spectra.

6.1.2.6 Measuring instruments for radiometry

The measuring instruments for radiometry are the following:

a) A—monochrometer monochromator type instrument (a wavelength scanning type
monochromatic light radiometer):

; i ight

bf a specific wavelength through a slit sequentially and selectively.

b) A-pelyerometer polychromator type instrument (many wavelength radiometer):

A spectroradiometer which measures a spectrum with a detector at the same jtime using a
bne-dimensional photodiode array from the diffraction light out of a fixed diffraction grafing.

c) Pptical power meter:

A radiometer consisting of a phototube, a photomultiplier or a photoelectromotive-1;Trce
Hevice. It provides a flat and stable response sensitivity characteristic in a wavelength range
bf measurement light, and is calibrated so as not to keep aCweighting of the respgnse
sensitivity for the wavelength, without using a spectrum.optical system. In using [this
fadiometer, the measuring light shall be monochromatic,.and the wavelength range of
bbjective light should be within the wavelength range of the measuring instrument.

6.1.2.7 Devices used for the emission spectrum<{characteristic measurement

Devices with necessary wavelength bandwidth and\wresolution for the measurement of the LED
under test shall be used.

6.1.3 Essential requirements
6.1.3.1 General

The| essential requirements are given in 6.1.3.2 to 6.1.3.4.

6.1.3.2 Point with zero-electric potential

The| point with zero electric potential to apply the potential on each electrode of the LED under
test|shall be the cathode terminal.

6.1.3.3 Power'supply
The| powersupply shall be the following:

a) Applied voltage

Tl Y [HP | Lt 4 b 1 4 | H tlo 4 dial ol fL ook tlo 1 4 d
T appyiicu vuiltlayT© tu a LTTidaliT TITUUHUUT 15 1T PJULTTIU Al UTTITTTTTILT UTLWTTITT UTT TITU e

and the point with zero electric potential.
b) Supply voltage
The supply voltage is the voltage supplied to a circuit including the LED under test.
c) Polarity
The polarity of all electric potential is specified by the polarity for the point with zero electric
potential.
6.1.3.4 Shading

During the measurement, suitable shading shall be given so that the light from the outside or
other emission does not affect the measurements.
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6.1.4 General precautions
The general precautions are as follows:

a) Absolute maximum rating

Even a second, external stress shall not exceed this value to guarantee normal operation
of the LED under test.

b) Transient behaviour

Even in a transient state, the voltage and current shall not exceed the value of the absolute
maximum rating.

c) [onsideration for the heating

n the event that the LED measurement needs to avoid a measurement error proéduced by
heat generation in the LED under test during a measurement period, the measurement ghall
be performed in a pulse condition.

When absolutely necessary, indicate "Pulse measurement”, and specifythe’pulse statel.
d) [onsideration for ultraviolet radiation

Provisions for the prevention and control of the risk of ultraviolet yadration.

6.2 Forward voltage (V) measurement

6.2.11 Purpose

To measure the forward voltage of the LED when a specified forward current is applied.
6.2.2 Circuit diagram

The| circuit diagram is shown in Figure 6.

ol

St © W&

IEC

Key
| censtantewcurrent source

V voltmeter

D light b ST DA A ol
ignremtttmgatroaeoemgmeasturea

Figure 6 — Circuit diagram for ' measurement

6.2.3 Requirements

A constant current source shall in principle be used for the measuring circuit.

If the forward current-nreeds-to-be is set to the rated value using a constant voltage source and
a current-limiting resistor,-design the circuit diagram as shown in Figure 7 shall be applied.

In such a case, to avoid changes in the forward voltage resulting from accumulated heat in the
test LED and corresponding changes in the set current, set the impedance for the drive side
higher.
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RS '[F >> VF

Key

»

o x < >

In t

med
Kel
Wiri

ne case of high driving power LED (high powér KED, high-flux LED), the driving cur
rating is usually specified in a condition using a heat sink instead of free air condition. Forj

ng impedance. An example of measurement using SMU is shown in Figure 8.

IEC

ammeter
voltmeter

current limiting resistor
light emitting diode being measured

Figure 7 — Circuit diagram for V' measurement with a constant
voltage source and a current-limiting resistor

surement, the LED shall be mounted on an appropriate heat sink, and be measured u
in contact in order to reduce measurement errors resulting from contact resistance

SMU

Heat sink

//w'r

Forcing HI

)

=l

| 5

Sensing LO

Forcing LO

IEC

rent
the
5ing
and

Key

SMU

o < »

source measurement unit
constant current source
ammeter

voltmeter

light emitting diode being measured (high driving current LED)

Figure 8 — Circuit diagram for V' measurement using an SMU
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6.2.4 Measurement procedure

Forward voltage (Vg) is measured when the specified forward current (/) is applied to the test
LED.

6.2.5 Precautions to be observed

See 6.1.

6.2.6 Specified conditions

The| specified conditions are as follows:

— forward current and the driving conditions;
— fAmbient temperature (T,), case temperature (7)) or reference point temperatune (7).

6.3 Reverse voltage (Vg) measurement

6.3 Purpose

To measure the reverse voltage of the LED when a specified reverse current is applied.

Thig measurement is performed for the reverse characteristicstest in the case of LED mounting
a pgrallel-connected Zener diode for electrostatic dischargé.protection. In measuring voltage at
a ratred current, thoughtless measurement of the reverse voltage for a general LED without|any
protection circuit should not be performed to avoid @ stress voltage at breakdown voltage or
abole the absolute maximum rating of reverse voltage.

6.3.2 Circuit diagram

The| circuit diagram is shown in Figure 9,

//

EPE IEC
Key
el constant current source
\% voltmeter
A ammeter
D light emitting diode being measured
EPE electrostatic protection element

Figure 9 — Circuit diagram for Vg measurement

6.3.3 Measurement procedure

Reverse voltage (Vg) is measured when the specified reverse current (Ig) is applied to the test
LED.
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6.3.4 Precautions to be observed

See 6.1.

6.3.5 Specified conditions
The specified conditions are as follows:

— reverse current (Ig);

— ambient temperature (T,), case temperature (7;) or reference point temperature (Ty).

6.4 Differential resistance (r;) measurement

6.4.11 Purpose

To measure the differential resistance of the LED in specified measuring conditions.

NOTE Generally the series resistance of a LED is greater than that of a general rectifier\diode. This measureent
is pgrformed to determine required driving voltage and to design the driving circuit fof\a"power LED or a high flux
LED|driven by high current.

6.4.2 Circuit diagram

The| circuit diagram is shown in Figure 10.

| i
T | _— <
@ @ IT :: D osC

IEC

Key

Ru current detect resistor

i superimposed AC

I forwardPC

0SC oscilloscope

D light emitting diode being measured

Figure 10 — Circuit diagram for r; measurement

6.4.3 Requirements

In principle, the differential resistance shall be measured in such a manner that the AC is
superimposed on the specified DC.

NOTE |If the region in which the forward characteristic curve of the LED can be substantially regarded as a straight
line near the specified current, the measurement can also be performed by calculating the resistance value based
on the gradient of the current and voltage values between two points near the region.

6.4.4 Measurement procedure

The specified forward DC and AC to be superimposed are applied to the test LED.
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After measurement of forward current and forward voltage waveforms of the LED with a
calibrated oscilloscope, the differential resistance is calculated using their amplitude by the
following formula:

where

AVg is the amplitude of forward voltage waveform;

AlIe| is the amplitude of forward current waveform.

6.4.5 Precautions to be observed
Thel| precautions to be observed are as follows:

a) [The frequency of AC to be superimposed should be around 10 kHz so that it will not affect
he measurement.

b) The forward current including AC should be as high as possible within the rated value.

c) For details other than those provided in a) and b) above, see 6.1
6.4.6 Specified conditions
Thel| specified conditions are as follows:

— the value of forward current and the amplitude of\AC to be superimposed, or the amplifude
modulation factor (M :(max|(is)|)/l,:);

— pAmbient temperature (T,), case temperaturg (7;) or reference point temperature (Ty).
6.5 Reverse current (Ig) measurement
6.5 Purpose

To measure the reverse current;of the LED at a specified reverse voltage.

6.5.2 Circuit diagram

Figure 11 is an example using the SMU.
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SMU Output

HI

——«[> Shield

box
Shield /
guard /

. T @

Output
Lo 77

IEC

SMU source measurement unit

A ammeter
X1 buffer amplifier
D light emitting diode being measured

Figure 11 — Circuit diagram for Iy measurement
6.5.3 Provisions
Singe the reverse current is extremely small within‘the rated applied voltage, the measurement
becpmes the "minute current measurement”. |t is'desirable to have a shield to eliminate forg¢ign
noige, prevent leaks at cables and the cennecting terminals, and prevent any electros{atic
disgharge. If the SMU has a current limiter*function, it is desirable to set the current limitgr to
preyent the test LED from being destrayed.
6.5.4 Measurement procedure
The|reverse current (Ig) is pieasured when specified reverse voltage (V) is applied to the ftest
LED.
6.5.5 Precautions_to be observed
Seg 6.1.
6.5.6 Specified conditions

The| specified conditions are as follows:

6.6

6.6.

reverse voltage (VR);

ambient temperature (7,), case temperature (T;) or reference point temperature (7).
Measurement of capacitance between terminals (C;)

1 General

Two measuring methods are specified:

measurement using LCR meter;
measurement using AC bridge.
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2 Measurement using LCR meter

2.1 Purpose

021

To measure the capacitance between terminals of the LED when the specified reverse voltage
is applied (including zero bias voltage).

6.6.

The

2.2 Circuit diagram

circuit diagram is shown in Figure 12.

Dark box

Key

W)

i
M

6.6.
The
usin
sou
sam

6.6.

The
app

6.6.

See

o 4
CUrrent

HI

Voltage /
HI /

Voltage
LO

Current
LO

IEC

ght emitting diode being measured
CR meter (or impedance analyzer) using a self-balancing bridge system

Figure 12 — Circuit diagram for C; measurement

2.3 Requirements

g the phase information of the sighal source and comparison of the voltage of the AC si
rce with the value of the voltage that is converted from the current flowing along the
ple.

2.4 Measurement: procedure

capacitance between the terminals (C,;) is measured when the specific DC bias voltag
ied to the test LED.

2.5 Precautions to be observed

6.10

self-balancing bridge system represents a system in which the impedance is calculated

gnal
test

e is

6.6.2.6 Specified conditions

The

specified conditions are as follows:

— DC bias voltage;

— frequency to be measured (f) — usually 1 MHz is used,;

— ambient temperature (7,), case temperature (T;) or reference point temperature (7).

6.6.3 Measurement using AC bridge

6.6.3.1 Purpose

To measure the capacitance between the terminals of the LED when the specified reverse
voltage is applied other than for a zero-bias voltage.
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3.2 Circuit diagram

circuit diagram is shown in Figure 13.

L
YY)

¥y o @ | -

Key

O r 2 0
- 5

6.6.

The
acc
suff

whe
Cx
f
6.6.

The
app

IEG

ght emitting diode being measured
C bridge
ductor

apacitor

Figure 13 — Circuit diagram for C; measurement

3.3 Requirements

bias circuit for the test LED shall satisfy the following condition in order to maintain
iracy of the measurement and the measdring signal voltage shall be a signal thg
ciently smaller than the bias voltage.

1
C) Cx)) ————
em YL

re
is the capacitance of.the test LED;

is the measuring)frequency.
3.4 Measurement procedure

capacitance between terminals (C;) is measured when the specific DC bias voltag
ied to the test LED.

the
tis

[
&

6.6.

See

6.6.

The

I-5—Precautions-to-beobserved
6.1.

3.6 Specified conditions

specified conditions are as follows:

— DC bias voltage;

— measuring frequency (f) — usually 1 MHz is used;

— ambient temperature (T,), case temperature (T;) or reference point temperature (Ty).
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6.7 Measurement of junction temperature (Tj) and thermal resistance
(Ren-x)el» Rin(j-x)real)

6.7.1 Purpose

To measure the junction temperature and the thermal resistance under-established specified
conditions.

6.7.2 Measurement principle

Whi

Whife specicﬁ‘electrical power dissipation (P) is applied to the device being measured,|the
eledgtrical al resistance Rip(j-x)el is calculated by using the junction temperature (Tj) and

the refé/@)me point temperature (T) as follows.
N

T — Ty
j X
Rin(ix)el =~ 5

Change in the forward voltage (V) induced by electrical power dissipation (P) causes the rise
of T T, is derived from the temperature dependence of the forward voltage (Vg) as a

temperature sensitive parameter. The temperature dependence of the forward voltage is
obtained by measuring the forward voltage (V) at different ambient temperatures.

The real thermal resistance Ry, .x)real is calculated by using the heating power dissipation that

is the subtraction of the radiant flux from the electrical power dissipation. It can be derived from
the optical energy conversion efficiency (power efficiency npg) as follows.
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T~ 1x

Rin(j-Xyreal = )

However, it should be noted that power efficiency npg is a temperature dependent parameter.

To calculate the actual junction temperature more accurately, ypg shall be determined under
actual usage conditions by considering its temperature dependence.

npg shall be derived separately according to the temperature at the reference point X and the
drivjng current. Q

Figyre 14 shows an example of the temperature dependence of #pE.

&A
<
QQ Ty IEC
A\
Figure 14 — An example of th%ﬁ}nperature dependence of ypg

&
Reference point X shall be on the heafflow path of the substrate mounted LED, and|the
temperature shall be measured wher&{ﬁe LED is lit.

Forlexample, for a 2-terminal b\gevice, the reference point X should be a terminal side with
higher heat flow, namely the{\ ering point of the terminal on which the LED die is mountgd.

However, when it is di%llt to locate the reference point X in such an area, the reference point
shall be set at the Ioe n where the heat flow rate is as large as possible.

Thel measured al resistance of a LED with appropriate heat sink shows a dependencg on
the heatingé@duration (tp) as shown in Figure 15.

Figy rleé)shows an example that two saturation regions are observed.
N

The first saturated region indicates the state in which the case (or the soldering point) has
almost warmed up, while the last saturated region indicates the process until the whole test
sample has reached the steady state.

That is, the two saturation regions above correspond to the junction-to-case thermal resistance
Rth(j-c) or the junction-to-soldering point thermal resistance Rth(j-s) and the junction-to-
ambient thermal resistance Rth(j-a), respectively.

Figure 16 shows the cumulative thermal capacitance versus cumulative thermal resistance
characteristics (generally referred to as the "structural function") determined by mathematically
converting the data given in Figure 15.
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In the structural function, Figure 16, the part with large inclination such as the one between B
and C corresponds to one of the structural layers of the tested LED package which have low
thermal resistance and high thermal capacitance values. On the other hand, the part with low
inclination in the structural function such as the one between A and B corresponds to one of the
structural layers of the tested LED package which have high thermal resistance and low thermal
capacitance values.

This means that the point where the inclination changes in the structural function reveals the
difference in the structure. By using this property, the thermal resistance and the thermal
capacitance can be estimated separately for each structural layer of the LED package.

Thefefore, it is recommended to use the cumulative thermal capacitance versus cum-Qative
thermal resistance characteristics (structural function) for the thermal design of a pt@vdr ven
sysiems. N

LT/ I ettt 5 = =

Thermal resistance

Rth(j—c)’

th(j-s) ’

L
o

t . ,E \\S Heating time durati;
PO 4\@ ) IEC
%
Figure 15 — Heating time duration &Q}endence of the measured thermal resistance
N
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A | |
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w

Die attachment

O Die |
> ‘ -

Rth(j—c)’ Rth(j—s) Rth(j—a)

\Q/ Cumulative thermal resistance
IEC

Figure 16 — Cumulative thermal capacitance versus cumulative
thermal resistance characteristics (structural function)

6.7.3 Measurement procedure
6.7.3.1 Preparation

The test LED shall be mounted on PCB and/or thermally managed. Measuring atmosphere
around the test LED shall be natural convection.

If the LED is to be enclosed in a box to prevent effect from external heat and wind, the box size
and material shall be selected appropriately according to the degree of heat. If the measurement
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is not performed in a dark environment, influence of the photoelectric effect on the measurement
accuracy shall be checked in advance.

6.7

pro

the

voltage (V) at a small forward current (Z;). The forward our nt shall be small enough so

O
4
Temperature coefficient of the forward voltage (Vg) shall be measureg\bgDusing the folloy

The] LED being measured is held in a variable temperature o&prhen wait until reachin

3.2 Measurement of temperature coefficient of forward voltage (V)

sentialy-£d;
nandeaen h arictic n .-\&‘
B e torwara-vor

)

¢edure.
,\b‘

mal equilibrium as T becomes equal to the oven tempeg/ e. Then measure the forw

ying

y at
ard

that

the ljunction temperature rise is negligible. Generally@;@roximately 1 mA per die should be
applied for the measurement. Q
Subsequently, repeat the above procedure se@ﬁtially at different oven temperatures to|get
the |temperature dependent characteristic e forward voltage. Derive the temperafure
coefficient of the forward voltage from the surement result.
NOTE In the case of LED with resistor, even gh the measured temperature coefficient includes the temperature
depgndence of the resistor, the measured vaal.h is still considered to be the temperature coefficient of the LED
O
6.7.3.3 Measurement of cI\@\ge in forward voltage (V) induced by power
dissipation (P) \\0
e B

Thefe are two r@hods for the measurement of the change in the forward voltage (V¢) indU
by the pow Ssipation (P) given on the LED. One is heating method (dynamic mode) and

oth
the

isu

r the derivation of the thermal resistance.

mal(resistance of the LED, but it shall be stated in the specification table that which method
e\%fo

ced

the
the

1r is g method (static mode). Both methods can be applicable for calculating

Both methods use the measuring circuit shown in Figure 17. However, the two methods differ
from each other in terms of how the electrical power dissipation (P) is applied and when the
forward voltage (V) is measured after heating.

In these methods of measurement, the transient thermal resistance can be measured more
quickly using the static mode, and the junction temperature may be slightly lower using the
dynamic mode.



https://iecnorm.com/api/?name=b4a05822275118403cf09d99b23c2df0

—-42 - IEC 60747-5-6:2021 RLV © IEC 2021

V/

Pol v @

Iu In D osc

IEC

Key

Iy measuring current

Iy heating current

SwW switch

D light emitting diode being measured
(o] oscilloscope

Figure 17 — Circuit diagram for measurement ofichange in V

a) Heating method (dynamic mode)
[urn the SW on.

Apply a small measuring current (7)) only to the LED where the junction temperature ride is
hegligible, and measure the forward voltage hefore heating (Vg4).
furn the SW off for applying the heating currént (7,;) superimposed on Iy, at the same tijme.
he heating current is applied for powerdissipation during a specified "heating time duraltion
lp)".
hen, turn the SW on. In this situation, only the small measuring current (7,) is applied to
he LED.

Measure the forward voltage again (Vg,) just after the SW on.
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b)

Change in forward voltage (7;) induced by heat accumulation

T due to heating current (7,,) during period (tp)
e

Observed waveform IEC

Figure 18 — Change in Vg during the measurement

[he measured forward voltage™Vg, just after the end of power dissipation is lower than

However, Vg, will return~o value Vg, afterwards.

he forward voltagé:change observed by a oscilloscope are shown in Figure 18.

Fhe measurement timing of Vg, just after the end of heating shall be short enoug

finging nels€ is superimposed onto the observed waveform due to the cut-off of the he
current\(#y)), Vg, sampling is done after a certain delay time to avoid the influence of

finging noise. The junction temperature T that is determined by using the dynamic mod
Cotrésponds to specific delay time has passed, not immediately after the heating is

Comparisonswith the thermal time constant of the test LED. However, since a tranjient

the

orward voltage Vg4 befare\heating due to heat accumulation produced by power dissipafjion.

h in
ting
the
eis
off.

Accordingly, junction temperature Ty may be slightly lower for some types of LED.
Cooling method (static mode)
Turn the SW off.

Heating current and a small measuring current are applied to the LED for a sufficiently |
time until the system reaches the equilibrium state.

After heating current is off, namely just after turning the SW is on, measure the time varia
in Ve.

In this situation, only the small measuring current () is applied to the LED.

Figure 19 shows an example of the measured time variation in V.

ong

tion
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Since the forward voltage Vg that is observed immediately after the heating current (1) is

off inevitably contains the transient vibration waveform, an accurate Vg value cannot be
determined from the observed waveform.

An accurate Vg can be calculated by extrapolating the cooling behaviour which is linear to
the square root of time as shown in Figure 20.

The junction temperature T is determined from the derived values by performing a

conversion in accordance with 6.7.3.2. Details on this approach are provided in the JEDEC
standards (JESD51-14).

L
F

Y

F1

F2

Figure 19 — Example of the time variation in V

TA

RS\ /

Figure 20 — Transient vibration waveform immediately after the heating is off
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Change in forward voltage (V) induced by heat accumulation
T due to heating current (/) during period (z,)
Ie

47

IH+[M

~<

IEC

6.7.3.4 Measurement of the temperature at the reference point 7y

The temperature should be measured using a proper thermocouple.

For a measurement conducted using a thermocouple, its type (material) and wire size shall be
carefully selected in order to prevent the measurement point from being cooled down by the
thermocouple.
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6.7.3.5 Calculation of thermal resistance

T | . ¢ . . . ‘ X Ry o loul I
using-the following-formula:

D _ I —Tx AVElD (,
RnGx)=— 5 Iy Ve oM

7
1

)
7

H

where

s the llinetinn tamneratiira-
5 $
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Ripfjox) -oofpremmemmmmmem s

Ripoy,  worommmmmmmmmmmmmeeem e

toi Engs
p(-c),"p(i-s)
tEP'\

%/
The] thermal resistance from the junction to a certain reference&é}vt X, Rin-x). shall be

caldulated using the following formula. The power efficiency np%@ uld be measured at|the

s\\‘o

samne time when the thermal resistance is measured.

Rin(j-x)el E@ ~ iVF / (1M<<1H)
N
Rin(j-Xreal E%‘g‘g % (M)
where X\

T, junction temperature \O
o5
Ty | temperature at referect)sb oint X
P electrical power&éipation
AV Ver=Ve2 O
b temperatl@ggefficient for forward voltage

npE powercgielency

NOTE Tc%are other ways to calculate the thermal resistance from the junction to the reference point.

This isgﬁethod in which the separate point in the structural function of a LED, which has different heat flow gaths
after tThe reference point, is regarded as the thermal resistance from the junction {0 the reference point.

In the JEDEC standards (JESD51-14), this approach is recommended as a method for calculating the thermal
resistance from the junction of a semiconductor device to the rear surface of its package.

Since the precondition for this approach is that the heat flow paths before the separate point are identical, so this
path is one-dimensional.

JESD51-14 explains that with a heat sink is attached to make the heat flow path one-dimensional, the heat flow path
beyond the rear surface of the package can be changed by applying grease selectively.

According to JESD51-14, this separate point for the Structural function corresponds to the thermal resistance from
the junction to the rear surface of the package.

This idea can be applied to a LED as follows. For example, taking a soldering point on the LED as a reference point,
the LED is mounted on two types of PCB that have differently designed soldering pads, which allows the separate
point to be determined. The two types of PCB can be one with a different pad size or one with a different copper
thickness.
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Since the thermal resistance calculated using this approach is the thermal resistance from the junction to the
temperature of isothermal surface near the reference point, it may differ from the thermal resistance corresponding
to the reference point.

However, this approach is an effective way of calculating with a LED for which a reference point cannot be set on its

heat

flow path or the accuracy of a temperature measurement taken at its reference point is insufficient.

This calculated value is also suitable for the thermal design of the heat flow on the downstream (the PCB and heat
sink) of a LED if the design is conducted by a simulation

6.7.
The

a)

6.8
6.8.

4 Precautions to be observed

precautions to be observed are as follows:

Value as the forward current actually used. However, if sufficient detection sensitivity-of (
orward voltage difference AVg before and after heating) cannot be achieved, by appl
his current value, the heating current (/) should be set as high as possible within
absolute maximum ratings by controlling the heating time not to exceefthe Tjmax. If
Hifficult to detect enough temperature rise to derive the thermal resistance by applying
condition, the method should be abandoned.

-or details other than those provided in a) above, see 6.1.

5 Specified conditions

-orward current /.
Ambient temperature T,, case temperature T, or r€ference-point temperature 7.
n the case where T, is used for the reference ggint temperature:

- The configuration, size and material of the*PCB that the test LED is mounted on.
- The thickness and area of the pattetp{¢opper) that is on the PCB.
- The size, material and fin of the aftached heat sink (if appropriate).

Response time measurement

1 Purpose

To measure the response time of the LED under the specified conditions.

6.8.

The

2 Circuit diagram

circuit diagramis shown in Figure 21.

he heating current {/,,}shall-be-setas-high-aspossible-se-as-te-ensure should be the slame

i.e.,
ng
the
it is
this
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pulse generator

light emitting diode being measured
collective lens

photo detector

bias circuit

optical pulse measurement system

Figure 21 — Circuit diagram for response time measurement

3 Provisions

detect the photocurrent signals at the photo ‘detector, a transimpedance amplifier
ires sufficient response characteristics shall'generally be used; however, this may als

performed by measuring the voltage using a resistor whose resistance is low enough to eng
resfponsiveness responsivity and linearity.

The

rise and fall times of the pulse gene&rator and the optical pulse measurement system sh

be gufficiently lower than the response time of the test LED. The-responsiveness respons

of a

photo detector may worsen when outside of a specific wavelength region depending on

crygtalline material and device structure. The combination of wavelength regions and de

stru

The

ctures should be properly,selected.

collective lens may-be omitted if it is not needed depending on the optical characterig

of the test LED.

6.8.
The

a)

4 Measurement procedure
measutement procedure is as follows:

Apply the specified forward current pulse to the test LED.

that
be
ure

puld
vity
the
vice

tics

b) The light emitted from the LED is received by the photo detector and converted into an
electrical signal.

c)

Measure this electrical signal with an oscilloscope or other suitable measurement instrument
that has been synchronized with the pulse generator. Next, measure the rise time (#,) and

fall time (#) (and, if necessary, the turn-on delay time (td(on)) and turn-off delay time (td(off))

based on the relationship between the input and output waveforms shown in Figure 2
accordance with the following definitions.

1) Rise time (z,)

2 in

The time required for the amplitude of the output waveform to increase from 10 % to

90 %.

2) Turn-on delay time (t4(on))
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3)

4)

The time that elapses from when the amplitude of the input waveform reaches 10 % until
that of the output waveform reaches 10 %.

Fall time (¢)

The time required for the amplitude of the output waveform to decrease from 90 % to
10 %.

Turn-off delay time (¢4osf))

The time that elapses from when the amplitude of the input waveform drops to 90 % until
that of the output waveform drops to 90 %.

6.8.5

The| precautions to be observed are as follows:

Precautions to be observed

a) [The rise, fall, and delay times of the forward current pulse generator and the optical pulse

measurement system shall be sufficiently lower than those of the test LED-.

b) The linearity of the optical pulse measurement system shall be corrected to within|the

c) For details other than those provided in a) and b) above, see 6.¥!

6.8.6

The| specified conditions are as follows:

— fAmbient temperature (7,), case temperature (7;), of reference point temperature (Ty);

— |nput pulse signal (pulse current, pulse width, duty“ratio).

measurement range of the measured value before use.

Specified conditions
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R

IEC
Figure 22 — Waveform of response time measurement
6.9 Frequency response and:cut-off frequency (f;) measurement
6.9.11 Purpose

To measure the frequency response and cut-off frequency of the LED under the specified
confitions.

6.9.2 Circuit.diagram

The]l measuring circuit should be designed as shown in Figure 23 in principle.
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small signal AC

forward DC

light emitting diode being measured
collective lens

photo detector

bias circuit

optical pulse measurement system

Figure 23 — Circuit diagram for f.(measurement

3 Provisions

detect the photocurrent signals of the pheto detector, a transimpedance amplifier that
Lires sufficient response characteristics shall generally be used; however, this may als¢ be

performed by measuring the voltage using a‘resistor whose resistance is low enough to engure

resfponsiveness responsivity and linearity.

Thelresponsiveness responsivityx6f a photo detector may worsen when outside of a spegific
wavelength region depending on-the crystalline material and device structure. The combination

of wavelength regions and device structures should be properly selected.

The|frequency variation 'of the AC signal source output shall be sufficiently low, either equalling

or surpassing IEC 60051 (all parts).

Thel collectivedlens may be omitted if it is not needed depending on the optical characterigtics

of the test LED.

6.9. Measurement procedure

The measurement procedure IS as Tollows:

a)
b)
c)

d)

Apply the specified forward current to the test LED and superimpose the small signal AC of
frequency f.

The light emitted from the LED is received by the photo detector and converted into an
electrical signal.

Measure the AC, i,(f), that corresponds to the modulated light with a measuring instrument
such as a spectrum analyzer.

Obtain io(N/ip(fo) for the alternating current ip(fo) that corresponds to a sufficiently low
reference frequency f; (fy = f./100) as the frequency response.


https://iecnorm.com/api/?name=b4a05822275118403cf09d99b23c2df0

- 54 — IEC 60747-5-6:2021 RLV © |IEC 2

021

e) The cut-off frequency (f;) is the frequency at which the frequency response decreases by
3 dB with respect to the reference frequency.

6.9.
The

a)

~3dB =10log| i, (/) /i (o) ]

5 Precautions to be observed

precautions to be observed are as follows:

Jse the freauencvy characteristics of the small-sianal AC source and the ontical si
<t Y 9 1

nal

b)

c)

6.9

The

measurement system with a range that is sufficiently wider than that of the frequg
characteristics of the LED.

The linearity of the optical signal measurement system should be corrected_to_within
measurement range of the measured value before use.

Hetector, because the frequency at which the electric output from _the photo dete
Hecreases by 3 dB and that at which the optical output of the light source decreases by 3
and are different, be careful not to perform the conversion incorrectly.

For details other than those provided in a), b), and c) above, see6.1.

6 Specified conditions

specified conditions are as follows:

hmbient temperature (7,), case temperature (7,), \or reference point temperature (T);

bias forward current (/g) of the LED;

amplitude (max|(is)]) or modulation factof (M :(max|(is)|)/1,:) of the AC signal.

6.10 Luminous flux (#,) measurement

6.10.1 Purpose

The

purpose of this measurement is to measure the total or partial luminous flux of the

under established conditions-

6.10.2 Measurement principle

Alte
LED

rnately illuminate a luminous-flux standard LED whose total flux (®,g) is known and the
at the centre of the integrating sphere and read the output value from each photoms

With /,g-as* the optical output of the photometer when the luminous-flux standard LEI

illun

ninated under established conditions and /1 as the optical output of the photometer w

ncy

the

When photoelectric conversion is performed on the optical output from the KED by a photo

ctor
dB

LED

test
ter.
D is
hen

the

test LED is illuminated, the total flux @,1(1 m) of the test LED will be as follows.

Iyt
gzjvT:¢vS'[V_S
v

If the values of &, and &, g differ greatly, it may be particularly appropriate to have a filter

whose attenuation is known between the photometer and the photometer window.

6.10.3 Measuring circuit

The

measuring circuit should be designed as shown in Figure 24 in principle.
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F D

Integrating sphere
IEC

D light emitting diode being measured

H-istpreferable-that A monochromator-method or polychromator-method‘photometer shoulg
usef.

The
the
bec
the
hav

If it
inst

6.10.4 Measurement procedure

The

a)

b)

6.10.5 Precautions to be observed

The

forward DC

Figure 24 — Circuit diagram for &,, measurement

area of the internal surface. However, if it is difficult to 'design such an integrating sph
huse of the spherical diameter of the integrating sphere as well as the shape and typ
photometer, a photometer with bundled fibres whose attenuation and wavelength sensit
b been sufficiently corrected can be used for theymeasurement.

is obvious that no radiation is being emitted.in the reverse direction, the test LED may
hlled at the incident window to perform a 2n space measurement.

measurement procedure is ascfollows:

Perform the measurement )by alternately placing the test LED and the luminous-
standard LED in the centre of the integrating sphere. Start the photometry when
uminous flux reaches*a stable state during the preliminary lighting time (sufficient timg
Changes in the luminous flux resulting from the temperature rise of the test LED when
urned on to become stable).

Read each measured output value for the test LED and the luminous-flux standard
shown ondhe photometer.

be

sensor window inside the integrating sphere should be designed to be sufficiently smal for

ere
e of
vity

be

flux
the
for
it is

LED

precautions to be observed are as follows:

a) Make sure that you use a luminous-flux standard LED that has the same configuration as
and an emission spectrum distribution equivalent to the test LED to which the values have

been added by the standard light source as a luminous-flux standard LED.

If the configuration and emission spectrum distribution of the luminous-flux standard LED
are not equivalent to those of the test LED, use the following formula to correct them as

needed — particularly if the photometer is a filter-type (e.g. V(1) photometer):

1
Dyr =a-k-Dyg IV_T
vS
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where

o is the self-absorption correction factor;

k is the colour correction factor.

NOTE 1 Details on how to obtain the self-absorption correction factor can be found in Annex B.

NOTE 2 Details on how to obtain the colour correction factor can be found in Annex C.

021

b) The light receiving luminous flux and the optical output of the photometer shall be in direct
proportion to each other. If they are not in direct proportion to each other, they-need-te shall

c)

d)

6.10.6 Measurement conditions to be defined

The

6.11

6.11

The
ests

6.11

Alte

kno
eac

be corrected.

The diameter of the integrating sphere shall be sufficiently larger than the test devic
brinciple. The size of the light shielding plate should be the minimum required to comple
block the light source viewed from the photometer window. The plate should be fixéd on
ine connecting the centre of the integrating sphere and the photometer window. at a p
hat is a third to half the radius from the centre. All parts of the inner (surface of
ntegrating sphere shall be diffusing surfaces that provide as uniform- a-reflectivity
possible (lambertian surface).

Errors may be included in the result of the photometry depending on how close the rel3
spectral sensitivity curve (in which the spectral reflection factor of the integrating sph
baint, the spectral transmittance of the diffuse transmission plate‘at the photometer wing

o the standard luminous efficiency curve. Therefore, thesg erfors-need-te shall be evalu
ind corrected.

-or details other than those provided in a), b), and ¢) above, see 6.1.

measurement conditions to be defined areithe following:
orward current (/g);
bmbient temperature (7,), case temperature (7,), or reference point temperature (7).

Radiant-pewer flux (&,) measurement

.1 Purpose

purpose of this measurement is to measure the total radiant-pewer flux of the LED un
blished conditions,

.2 Measurement principle

rnately.illuminate a radiant-pewerflux standard LED whose total radiant-pewer flux (D4

vn,and' the test LED at the centre of the integrating sphere and read the output value f
h‘radiometer.

and the relative spectrum of the photometer are combined to form a photometry systerI) is

e in
tely
the
oint
the

as

tive
ere
ow,

ted

der

) is

rom

With I,g as the optical output of the radiometer when the radiant-pewerflux standard LED is

illuminated under established conditions and /7 as the output of the radiometer when the test

LED is illuminated, the radiant-pewer flux @, of the test LED will be as follows.

Lot
Det = Pes .Ie_

eS

If the values of &,1 and &g differ greatly, it may be particularly appropriate to have a filter

whose attenuation is known between the radiometer and the photometer window.
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6.11.3 Measuring circuit

The measuring circuit should be designed as shown in Figure 25 in principle.

Thelsensor window inside the integrating sphere should be désigned to be sufficiently smal

the
bec
the

If it
inst

6.11.4 Measurement procedure

Thel measurement procedure is_as-follows:

a)

b)

6.11.5,“Precautions to be observed

St (@t e

F D

'. Integrating sphere
IEC

prward DC
ight emitting diode being measured

Figure 25 — Circuit diagram for &, measurement

area of the internal surface. However, if it is difficult t@~design such an integrating sph
huse of the spherical diameter of the integrating sphere as well as the shape and typ

is obvious that no radiation is being emitted in the reverse direction, the test LED car
hlled at the incident window to performxa.2n space measurement.

Perform the measuremeént' by alternately placing the test LED and the radiant-powei
standard LED in the centre of the integrating sphere.

Start the photometiry when the radiant-pewer flux has reached a stable state during
breliminary lighting time (sufficient time for changes in the radiant-pewer flux resulting f
he temperature tise of the test LED when it is turned on to become stable).

Read each/measured output value for the test LED and the radiant-pewerflux standard
shown Qn_the radiometer.

for
ere
e of

ight receiving portion of the radiometer, a radiometer with bundled fibres whose attenuation
and|wavelength sensitivity have been sufficiently.cotrected can be used for the measuremd

ent.

be

flux

the
rom

LED

The precautions to be observed are as follows:

a) Make sure that you use a radiant-pewerflux standard LED that has the same configuration

as and an emission spectrum distribution equivalent to a sufficiently calibrated test LED
a radiometer.

and

If the configuration and emission spectrum distribution of the radiant-pewerflux standard
LED are not equivalent to those of the test LED, use the following formula to correct them

as needed.

1,
Dy =a-k-Dg LIVT
Iys
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b)

c)

6.11.6 Measurement conditions to be defined

Thel measurement conditions to be defined are the following:

6.12 Luminous intensity (Iy) measurement

6.12.1 Purpose

The| purpose of this measurement is to"'measure the luminous intensity of the LED un
estgblished conditions.

6.12.2 Measurement principle

The| luminous intensity measurement shall conform to the measurement of the CIE-avera
LED intensity. This measurement is performed by turning on a luminous-intensity standard
whqgse averaged LED intensity (/,) is known and the test LED and comparing them alterng

und
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where
o is the self-absorption correction factor;
k is the colour correction factor.

NOTE 1 Details on how to obtain the self-absorption correction factor can be found in Annex B.

NOTE 2 Details on how to obtain the colour correction factor can be found in Annex C.

When using an optical power meter with a wavelength sensitivity compensation function for
the radiometer, correction with the colour correction factor can be omitted if a correction

with the corresponding wavelength is performed for each measurement.

block the light source viewed from the photometer window. The plate should be fixed on
hat is a third to half the radius from the centre. All parts of the inner'sufface of

bossible (lambertian surface).
-or details other than those provided in a) and b) above, see 6.1.

orward current (/g);

bmbient temperature (7,), case temperature (7,)orreference point temperature (7).

er two defined visual (solid angle) conditions.

[he diameter of the integrating sphere shall be sufficiently larger than the test LED in
brinciple. The size of the light shielding plate should be the minimum required to compldtely

the

ine connecting the centre of the integrating sphere and the photometer window at a ploint

the

ntegrating sphere shall be diffusing surfaces that provide as uniform: a’reflectivity as

der

ged
LED
tely

With 1,5 as\the luminous intensity of the luminous-intensity standard LED, i, g as the read value

of the photometer output, and i, as the read value of the photometer output when the test

is il } i i i D () will bhe as follows
s ? V7 T

LED

i
Iy = .V_T'IVS
lvs

The measurement distance should be between the tip of the LED and the reference surface of

the

light receiving portion of the photometer as shown in Figure 26.
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Figure 26 — Schematic diagram for I, measurement

If tHe reference surface of the photometer for the measuremeént distance is not set, take[the
front surface of the light receiving portion as the reference\surface.

Table 3 shows the view angle conditions for CIE-averaged LED intensity.

Table 3 — CIE averaged LED intensity measurements

Circular aperture Distance View angle
mm? mm sr
Condition A 316 0,001
100
Condition B 100 0,01

6.12.3 Measuring circuit

Thel measuring cir€uit should be designed as shown in Figure 27 in principle.

T S

F D Photometer

~

IEC

Key

I. forward DC

F

D light emitting diode being measured

Figure 27 — Circuit diagram for I, measurement
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6.12.4 Measurement procedure
The measurement procedure is as follows:

a) Set the luminous-intensity standard LED or the test LED in accordance with its external
structure. Set the photometer and the test LED at a position where the vertical central axis
of the acceptance surface of the photometer is, in principle, coincident with the structural
central axis or the optical central axis of the test LED.

b) Set the photometric distance between the LED and the acceptance surface of the
photometer to one of the values shown in Table 3 in accordance with the relevant condition.

1 dlo H P I 4 ol LT N\ & dlo 1 : Hy ik 4 | DU B el Y ol bl t
C) PPy U1 SpPTuimicUu TUTwaru CUTTTII \IF} WLTT TUTITITTOUSTIITITTIONY SstdlfuarlU LU altfu 1ric es

| ED alternately to obtain the luminous intensity by reading the photometer.

If tHe emission spectrum distribution of the luminous-intensity standard LED is not_equivalent
to that of the test LED, perform corrections with the colour correction factorlas needdd —
parficularly if the photometer is a filter-type (e.g. V(1) photometer).

NOTE Details on how to obtain the colour correction factor can be found in Annex B.
6.12.5 Precautions to be observed
The| precautions to be observed are the following.

a) |n actual measurements, the structural central axis based”’on the external structure of|the
est LED is not necessarily coincident with the opticalrgentral axis. It is advisable to clarify
o which axis the obtained measured value belongs.

b) For details other than those provided in a) above, see 6.1.
6.12.6 Measurement conditions to be defined
Thel measurement conditions to be definediare the following:

— forward current (Ig) and current-carrying time;

— (istance (visual) condition;
— fAmbient temperature (T,), ease temperature (7;), or reference point temperature (Ty).

6.13 Radiant intensity (I,) measurement

6.13.1 Purpose

The| purpose of.ithis measurement is to measure the radiant intensity of the LED under
estgblished conditions.

6.13.2, ( Measurement principle

Th |ad;a||t ;IItUIIO;t_y IIIUGOUICIIIUIIt oha“ UUIIfUIIII tU thc V;OUG: (OU:ICII GIIS:C) UUIId;t;UIIO Glld the
conditions for the positional relation between the light receiving portion and the LED, as
specified for the measurement of ClE-averaged LED intensity in 6.12. This measurement is
performed by alternately turning on a radiant-intensity standard LED whose radiant intensity (/)

is known and the test LED and comparing them.

With I,g as the radiant intensity of the radiant-intensity standard LED, i g as the read value of
the radiometer output, and i 7 as the read value of the radiometer output when the test LED is
illuminated, the radiant intensity of the test LED (/) will be as follows.

i
le = .e_T'IeS
les
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6.13.3 Measuring circuit

The

measuring circuit should be designed as shown in Figure 28 in principle.

6.13
The

a)

b)

c)

In &
LED
axis

For
6.13

The

F U Radiometer

IEC

brward DC

ight emitting diode being measured

Figure 28 — Circuit diagram for I, measurément

.4 Measurement procedure
measurement procedure is as follows:

Set the radiant-intensity standard LED or the/test LED in accordance with its exte
structure. Set the radiometer and the test LED. at a position where the vertical central

rnal
aXis

bf the acceptance surface of the optical recéiver is, in principle, coincident with the structural

Central axis or the optical central axis of the test LED.

Set the photometric distance between the LED and the acceptance surface of the radiom
o one of the values shown in Table>3 in accordance with the relevant condition.

Apply the specified forward current to the radiant-intensity standard LED and the test

pter

LED

hiternately to obtain the radiant-intensity by reading the radiometer output. When using an
bptical power meter with a wavelength sensitivity compensation function for the radiometer,

make sure that you calibrate it with the corresponding wavelength for each measureme

ctual measurements;.the structural central axis based on the external structure of the
is not necessarilyycoincident with the optical central axis. It is advisable to clarify to w
the obtained measured value belongs.

details other'than those provided in a), b) and c) above, see 6.1.

.5 Measurement conditions to be defined

measurement conditions to be defined are the following:

nt.

test
hich

— forward current (Ig) and current-carrying time;

— distance (visual) condition;

— ambient temperature (T,), case temperature (7), or reference point temperature (Ty).

6.14 Luminance (L,) measurement

6.14.1 Purpose

The purpose of this measurement is to measure the luminance under established conditions
using either a LED flat illuminator that has a light emitting part with a large area in particular

and

a flat emitting pattern or a LED dot-matrix display.
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6.14.2 Measuring circuit

The

measuring circuit should be designed as shown in Figure 29 in principle.

Commonly used LED flat illuminators usually have multiple LED dies. Figure 29 shows an
example of a LED flat illuminator with a single LED die. The actual driving circuitry should be
configured in accordance with the number of LED dies to be used and the LED connection

topology.
4®7
fr D
______________ Luminance meter
IEC
Key
I forward DC
D light emitting diode being measured

6.14
The

a)

b)

c)

Car
the
of |
lum

Figure 29 — Circuit diagram for'Z, measurement

.3 Measurement procedure
measurement procedure is as follows:

Set the test LED in accordance with.its external structure. Set the luminance meter and
est LED at a position where the.wvertical central axis of the acceptance surface of
uminance meter is coincident with the normal in the emitting face of the test LED.

Set the distance between the_emitting face of the test LED and the acceptance surfac
he luminance meter so thatthe solid angle, which is determined by the size of the diam
bf the measurement spat/on the specified emitting face, will be appropriate.

Apply the specified forward current (/) to the test LED to obtain the luminance (L,
reading the luminance meter.

b should bestaken when measuring luminance to ensure that the brightness in the vie
luminancédmeter is uniform and that the field of view is completely filled with the emis
ght. If\the luminance of the emitting face is not uniform, take the average value as
nance:

the
the

e of
eter

by

v of
sion
the

It is

adVvisdDle 10 Clarity on wnichn part or the emittng race tne Jiminance was imedasureda.

The luminance meter shall be calibrated on a regular basis. For details on calibration, refer to

Ann

For

ex D.

details other than those provided in a), b), and c) above, see 6.1.

6.14.4 Measurement conditions to be defined

The

measurement conditions to be defined are the following:

— forward current (Ig);

— photometric distance and solid angle;
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— ambient temperature (7,), case temperature (7;), or reference point temperature (Ty);

— position on the emitting face;
— measured surface.

6.15 Emission spectrum distribution, peak emission wavelength (ﬂp), and spectral half
bandwidth (A1) measurement

6.15.1 Purpose

The purpose of this measurement is to measure the emission spectrum distribution, peak
emigsion wavelength, and spectral half bandwidth of the LED under established conditions

6.1%.2 Measuring circuit

Thel measuring circuit should be designed as shown in Figure 30 in principle.

System
@ T - —- @2 - = . —|- Monochromator | Detector Measuring
instrument
I
F D
Lens IEC

forward DC

D light emitting diode being measured

Figure 30 —Circuit diagram for A, measurement

The| emission spectrum of \LEDs may differ greatly in distribution due to their position in|the
emifting face and directivity angle. Therefore, the measurement can, depending on the intended
use| be performed by-using a light receiving system in 211 space through an integrating sphere
as gshown in Figuré 31. Particularly for measurements with a LED in which multiple LED dies
are [contained within a single package or with a dual-wavelength emission type LED using an
excited lumingscence layer in the LED die, use the system shown in Figure 31 unless otherwise
spegified.
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Fibre-optic System
AN
\
—|- Monochromator | Detector | Measuring
instrument

Lens

6.14
The

a)

b)

d)

ight emitting diode being measured

O Lok L
ZTr megratmg-Spirere

brward DC

Figure 31 — Circuit diagram for A, measurement

.3 Measurement procedure
measurement procedure is the following:
Apply the specified forward current to the test LED andfocus the radiation from the test

vith a lens or mirror to direct it into the spectroscope.

Scan the wavelength of the spectroscope across’the emission wavelength region of the
| ED to read the values indicated in the optical receiver and then create an emis
Epectrum distribution (see Figure 32).

Dbtain the wavelength corresponding tothe maximum value of the emission spectrum (p
bmission wavelength (ip)) from the emission spectrum distribution (see Figure 32).

he emission spectrum betwgén wavelengths (spectral half bandwidth (A4)) from
bmission spectrum distribution ({see Figure 32).

EC

LED

test
sion

eak

Dbtain the wavelength interval that corresponds to half the value of the maximum valuge of

the
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©
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Wavelength
Ao
-l A)V -
IEC
Figure 32 — Schematic diagram. of A1 measurement
sl preferable-that-thewavelength-reseolutiontefthe-spe OSCope 4 en matery
the{speectral-half bandwidth—and advisableto-set-the dth-to—support-a—wavele
intefpval of 3-nm-or less.
The| slit width of the monochromatof\should be set at the appropriate value to assure

resg

The
the
dist

For

6.1¢

The

lution necessary to measure the spectral half bandwidth of 3 nm or less.

the

relative spectral characteristics of the measurement system shall be calibrated throughout

measured emission wavelength by using a standard light source with a known spec
Fibution.

details other than those provided in a) to d) above, see 6.1.

).4 Measurement conditions to be defined

measiirement conditions to be defined are the following:

aorward current (7'_\'

7

— ambient temperature (T,), case temperature (7), or reference point temperature (Ty).

6.16 Chromaticity measurement

6.16.1 Purpose

tral

The purpose of this measurement is to measure the chromaticity of the visible LED under
established conditions.
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6.16.2 Measurement principle

6.16.2.1 General

Spectrocolorimetry, based on the CIE 1931 colour system (XYZ standard colour system), is
adopted as the measuring method for chromaticity.

6.16.2.2 XYZ colour system

Taking S;(4) as the emission spectrum distribution of the LED, the tristimulus values X, Y, and

7 uged-nthe XY~ system-can-beobtainedasfollows-
X =k 2S¢(A)x(1)- AL
Y=k X Sy(A)y(A)-AL
Z=kX S(A)z(A)-AAd
whdre
x(A)} y(4), z(4) are the values of colour-matching function in the XYZ colour system.
AA is the wavelength interval used to calculate thé tristimulus values.
k is the constant.

Using the tristimulus values (X, Y, and Z), calculate thé,.chromaticity coordinates x and y u
the following formula:

In principle, use the values for x and y to express the chromaticity of a LED.

In the xy chromaticity diagram_using x and y (Figure 33), the spectrum stimulus wavelen

wh
the

(4
the

Don

LED.

X Y
X = ’y:
X+Y+Z X+Y+Z7Z

th corresponds to the point(S'where the spectrum locus and the extension points connegc

. In addition, the angle formed by the perpendicular from the white point W to the x-axis

ine segment W&.is defined as the colour angle (6p).

hinant wavelength (1p) and colour angle (0p) may be used to express the chromaticity

5ing

gth,
ting

white point W and the ‘chromaticity point P cross, is defined as the dominant wavelength

and
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IEC

Figure 33~ Chromaticity

colour-matching function of the X¥Z colour system was agreed on by CIE in 1931. Values
b given for each 10 nm in theange of wavelengths between 380 nm and 780 nm in|the
dard luminous efficiency at that time. In 2004, a new standard luminous efficiency where
es are given at an interval 6f*1 nm in the range of wavelengths between 380 nm and 830 nm
agreed upon by CIE. Tablte E.1 of Annex E shows the colour-matching function of the XYZ
ur system.

The

The
However, other definitions may be used depending on the purpose.

For

e are two types of colour-matching function, one of which is shown in Table E.1, applied
ists
4°,
use

x-y coordinates of the white point are commonly defined as (0,333, 0,333) in the LED field.

LEDs whose peak wavelength (/lp) falls between 700 nm and 555 nm (between red and

pure green), the chromaticity point P of the emission colour is present on the spectrum locus
within the margin of error, and P and S give close agreement with each other.

The

relationship between the dominant wavelength (A1p) and the chromaticity coordinate of the

spectrum stimulus is shown in Table F.1 of Annex F.

The

colour angle (0p) can be calculated using the following formula:


https://iecnorm.com/api/?name=b4a05822275118403cf09d99b23c2df0

- 68 — IEC 60747-5-6:2021 RLV © |IEC 2

0 t Yp - 0,333 +90° wh 0,333
= = >

p = arctan 0,333 where xp > 0,

fp = arct et ~0.333 + 270° wh < 0,333
p = arctan > 0,333 ere xp < 0,

0p = 0° or 180° where xp = 0,333

021

XP,

p are the x-y coordinates of the point P.

6.16.3 Measuring circuit

For

information on measuring circuits for emission spectrum distributions, refer to 6.15.2.

6.16.4 Measurement procedure

The

a)
b)

c)
d)
s
the
inte]
The

resg

The
the
dist

measurement procedure is the following:

Measure the emission spectrum distribution of the test LEDas per a) and b) of 6.15.3.

Read the measured value for each wavelength defined<in the colour-matching fung
Table E.1 of Annex E) from the measured emission speetrum distribution to take the va
bs the values for each wavelength of Sy(1); refer t06.16.2.2.

Calculate the chromaticity coordinates of x and<y; refer to 6.16.2.2.

Dbtain the dominant wavelength Ap and thecolour angle 6p from x and y as needed.

slit width of the monochromator should be set at the appropriate value to assure
lution necessary to measure the spectral half bandwidth of 3 nm or less.

measured emission*wavelength by using a standard light source with a known speq
Fibution.

When expressing the chromaticity using a dominant wavelength Ap or a colour angle 6p

refe
toc

rence_to-a white point that is at other coordinates than x = 0,333 and y = 0,333, make 4
arify the definition of the white point.

tion
ues

the

relative spectral characteristics of the measurement system shall be calibrated throughout

tral

with
ure

For

other notes, reter 10 b.7.

6.16.5 Measuring conditions to be defined

The

measurement conditions to be defined are the following:

— forward current (/g);

— ambient temperature (7,), case temperature (7;), or reference point temperature (Ty).
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6.17 Directional characteristics and full width half maximum of an intensity

measurement

6.17.1 Purpose

The purpose of this measurement is to measure the directional characteristics of the LED under
established conditions.

6.17.2 Measuring circuit

The

measuring circuit should be designed as shown in Figure 34 in principle.

6.117
The

a)

b)

c)

d)

ight emitting diode being measured

Photometer.

IEC

brward DC

Figure 34 — Circuit diagram‘for chromaticity measurement

.3 Measurement procedure
measurement procedure is thé_ following:

Set the test LED in accordance with its external structure. Set the optical receiver and
est LED at a position where the vertical central axis of the acceptance surface of the op
receiver is, in principle,; coincident with the structural central axis or the optical central
bf the test LED.

Set the photometric distance (distance between the reference surface of the LED and

he size ofthe emitting face and the acceptance surface, is appropriate.
Applythe“specified forward current (Ig) to the test LED.

By rotating the optical receiver around the axis which is located on the emitting face of

the
ical
aXis

the

hcceptance«surface of the optical receiver) so that the solid angle, which is determined by

the

est | ED and which passes fhrnngh the centre of the nmiH‘ing f::r-a, ch:nriy this LED

and

then obtain its directional characteristics by reading the angle of rotation and the output
measurement part of the optical receiver. (When rotating the LED, steady the optical

receiver.)

e) The graphical descriptions of the directional characteristics in principle are shown in

Figure 35 and Figure 36.

Take the interior angle that is 50 % of the intensity of the central axis in Figure 35 or Figure 36

ast

he full width half-valde—angle maximum of an intensity (26,,).
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Figure 35 — Directional characteristics (example 1)
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Eigure 36 — Directional characteristics (example 2)

When setting thé photometric distance, it is advisable to make the solid angle as smal| as
posgible, less/than 0,004 sr.

LED is-not necessarily coincident with the optical central axis. It is advisable to clarify which
axid the abtained directional characteristics hplnng to

In aljt,tual measurements, the structural central axis based on the external structure of the jtest

For other notes, refer to 6.1.

6.17.4 Measuring conditions to be defined
The measurement conditions to be defined are the following:

— forward current (Ig);

— photometric distance and solid angle;
— ambient temperature (T,), case temperature (7;), or reference point temperature (Ty).
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6.18 Illluminance (Ey) measurement

6.18.1 Purpose

The purpose of this measurement is to measure the illuminance of the surface that is irradiated
by the LED under established conditions.

6.18.2 Measuring circuit

The measuring circuit should in principle be designed as shown in Figure 37.

llluminance méter

IEC

forward DC
D light emitting diode being measured

Figure 37 — Circuit diagram{for E,, measurement

6.18.3 Measurement procedure
Thel measurement procedure is the following:

a) Prient the acceptance surface of‘the calibrated—iHuminemeter illuminance meter to|the
pecified surface that is being.irradiated by the test LED.

b) Apply the specified forward;current (/) to the test LED to obtain the illuminance (E,) by
reading the-iluminometenilluminance meter.

Thettuminometer illuminance meter shall be calibrated on a regular basis. For information on
calibration, refer to.Anhex G.

Forlother notes,refer to 6.1.

6.18.4 Measuring conditions to be defined

Thel measurement conditions to be defined are the following:

forward current (Ig);

specified irradiation distance, irradiation direction, light receiving angle, light receiving area;

ambient temperature (7,), case temperature (T;;), or reference point temperature (Ty).

7 Items to be indicated on the package

The following items shall be indicated on the package:

— model;
— quantity;
— symbols indicating the year and month of manufacture, and identification of lots;
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— manufacturer name or its abbreviation.

8

8.1

Quality evaluation

General

021

Quality evaluation tests, lot quality inspection tests, and periodic quality inspection shall be
conducted under the procedure as shown in Table 5, Table 6, and Table 7, respectively.

8.2
8.2,

LED
app

8.2,

Thig classification includes products that not only-need-te shall obtain.the quality certificat

for
defi
veri

Furfhermore, products that are required to have the soldering”test in Table 5-reed-te §

sati

months.

Pro
app

8.2.

Thig classification includes products that-need-te shall obtain the quality certifications|

Cla
qua
qua
for

8.2.

Thig classification(includes products which all-need-to shall undergo the screening test
obtain the quality.certifications for Classification Il as defined in Table 5, and-need-to g

sati

6 and the periodical quality inspection for Group C in Table 7, which are done after the prod

hav

8.2.

Classification of quality evaluations

1 General

quality evaluations fall into three classes based on a combination of quality lev
ication tests, inspection items, the number of specimens, and other factors,

2 Classification |

Classification | as defined in Table 5 and pass the lot quality inspections for Group A
hed in Table 6, but also to satisfy all the inspection requirements for the annual qu

5fy each inspection requirement for the lot quality inspections for soldering every tk

jucts that have obtained the quality certifications for Classifications Il and Il can alsg
ied to this class if necessary.

3 Classification Il

ssification Il as defined in Table-5" and satisfy all the inspection requirements for the
Iity inspections of each lot forlGroups A and B as defined in Table 6 and the period
ity inspection for Group C in-Table 7. Products that have obtained the quality certificat
Classification |1l stipulatediin Table 5 can also be applied to this class if necessary.

4 Classification HI

5y all thednspection requirements for the lot quality inspections for Groups Aand Bin T

e obtained the quality certifications.

els,

ons
as
blity

fication testing for Group B as stipulated in Table 6 and Group C as stipulated in Tablge 7.

hall
ree

be

for
lot
ical
ons

and
hall
hble
icts

56— Preecautionsto-be-observed

Items for the screening test and their conditions are shown in Table 4 for reference. However,
if some or all of the items for the screening test are tested in the manufacturing processes,
those items need not be tested again in the screening test. In addition, items can be added or
deleted and their conditions can be eased or strengthened based on the results of consultations
between the seller and the purchaser.
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Table 4 — Items for the screening test and their conditions(reference)

Items Conditions

Temperature cycle Tgygmax, Ty min, 5 cycles

Continuous current Igmax, t 224 h
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Table 5 — Quality evaluation tests (7 of 2)

Classification

Types of LED
1 1
3| 7
Q. 0 0 " 3 &3 =
2 8 | Measurement | ... | E|Z | B2 EIZ ). F |52
o o |Inspection items and test P S |ow| 5 |%al G |0w £ [To| x u a
a5l 2 criterion o |l o |=€ @ |=g| % Eloc| % a
G| S methods 5|88 5|28 5|38 8|2 (58| 8| %>
7 ss'gsggségnggaﬁgs
- c ol = c ol = c ol W - = o —_
Sl=° 8= 8 |=° 2| @ |las| = || "
E|E|E|E |E|E |~ |Y|u2g| @
5 5 5 T
S| =
Lens defect or
111 | outside .VISU8|. other outward o o o S d o
inspection defect and
lighting colour
Forward voltage see 6.2 UsS.L. @ o b o o fe o
Ve
Reverse current see 6.5 US.L. @ o o o o fe o
Ir
10 radiation power see 6.11 USL. @ a 1 lag b has | 1 S
P, 38
142 i
Luminous see 6.12 L.S.L. 2 o o
intensity 7, ©
Raddlantlntensny see 6.13 LsL a . R
1
e
Luminance L, © see 6.14 LSL. 2 ° o o
Other see Clause 6 Rele\_/gnt . o o o o qg o
specifications
25| 241 |Size Outline Outline 18|11 (18| 1 |18 1 o o o o q o
Resistance to IEC 607492156
soldering heat IEC 60749-20 © © © 9 ©
. Ve>1,1x
IEC '60749-25 U.S.L.
low temperature | /g >2 x U.S.L. 13|18 |1
11 | Temperature Tgmin
313 avanin e LpdgL, <05 |18
ycling . Viie v
high x L.S.L o o o o g o
temperature
Tstgmax Other relevant
specifications
Pamp heat, IEC 60068-2-30 S Y U
cyclic
Vibration-* IEC 60749-12 o o o o o o
; 13|11 (8|1
Mechanical
IEC 60749-10 o o o o o o
4 | 4-1 [shock-" gameas 18| 1
roup 3
Acceleration, IEC 60749-36 —|l=l=]l=]lo]o|olo|lolo
steady state-*
5 | 5-1 | Solderability f IEC 60749-21 IEC 60749-21 (18 1 (13| 1 | 8 | 1 o o o o o
T inal
6 61| el IEC 60749-14  |IEC 60749-14 |13 | 1 [13| 1 |8 |1 | o | o | o o | o
strength
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Table 5 (2 of 2)

Classification
Types of LED
1] 1}
-5 7
Q. 7] 7] " ° T o -
= c|0O S |0 c | O = S0 o
g e L Measurement Failure E|Z|Elz 2|2 s | 2 |gs| £ g
S| o | Inspection item and test iteri G |00 G |Gw 5| o2l 8 E | e x 4 a
o 2 methods criterfon 2|59 2|59 a|8e| g |2 |2e| £ | x|H4
o |2E o | aE o | 2E 8 = o £ E a S
o 5|55 5 |E IR Ee| a 5 |E2| = w | 3
= c ol = c ol - c o w - S o - —_
2|z 8|z gl 2] 2 |as| 2| = | "
E|E | E|E || E | 4 |jus 3| @
E E = z ) - i
s )
IEC 60749-6
Classification |
500 h
High temperature e Same as
771 Classification I 181818/ 1 o | o (N | o o
storage 1000 h Group 3
Classification
111 3000 h
see 8.9
Classification |
500 h S
8 | 8-1 | Continuous current | Classification Il ame as 181|818 1 o o o o )
Group 3
1000 h
Classification
111 3000 h
IEC 60749-24
Classification |
. 500 h
Resistance to S
N | Classification Il Gfglepzs 818|181 ]o0]o|o]o o
umi |ty 1000 h
Classification
111 3000 h
10 1?- Hydrogen sulphide '1'530 60747-5-
; Relgyant
corrosion test
I H,S 2ppm specifications 181181118 1 © © © © ©
NO, 4ppm
11| 111 | Sealing test IEC 60068~2< Releygnt _ 18l 118l1ls 1 o
17 specifications
2 U.S|L. and L.S.L. represent the maximum and minimum of the standard value, respectively.
b ThelspecimensforGroupswhand-2 can-also-beused-forothertest items.
Spefcimens used in Group 1 shall be used for Group 3 to 11 tests. The number of specimens is the nfinimum
reqjirement. They should be increased depending on the test group/groups to be required that is selected fromp Group
3 to] 11, and is spgeified by relevant specifications.
¢ In this test, judgment of acceptance for specimens can also be done in a comparison measurement using a ligh{ source
whaose values; for example its luminous intensity, have been predetermined and set in 6.12.
4 Either%ddiant intensity or radiant-pewer flux is defined.

€ Either luminance or luminous intensity is defined.

9 This test is applied to cases other than hermetically sealed packages.

h Thisi . i

h

i Apply this test if required.

Apply this test if it is necessary to Classification Ill.

Defective products with electrical and optical characteristics can also be used as specimens for this test.
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Classification

Types of LED
11 1 |
O O O '
2 z =z z o o8> | & o
S ° L Measurement and . o co|lSa|lwonlbalwnlow & N m.m. ® w
o ) Inspection itenj Failure criterion Oc|i _c|Oc| _c|0c| Vel x T~ o T £ - a
< g test methods » 0| 50|-0| 50| 0NGO| © =%| E_ 2 T 2| w
© 3 SE|loE|2E|2E|REP2E| § |og| 28° | 55| |
n Q= g=|2=|g=|QE|E= o o= S50 | 82 >
EQ|SQ|EQ|S8E8 58| o | 2f| ast K 3
So|lcao|3alcal3alcal W 3| wge (SIS —
Zo|on|Z0w0NZ0|eon| - oF| JgE |4 &«
E E E| = Se2|5 | @
3 | 3 © °
Lens defect or other Acceptable Quality Level
A, Outside Visual inspection outward defect and 1,5 % o o o o o o
lighting colour (Level I)
Forward voltage ¥ P see 6.2 U.S.L. o ) o o o o
Reverse current I see 6.5 U.S.L. o o o o o o
Ao radiation power @, ° see 6.11 U.S.L. °
. . . Acceptable Quality Level
A, Luminous intensity 7, > see 6.12 L.S.L. P 1,0 % Y © ©
(Level I1)
Radiant intensity 7, P:¢ see 6.13 L.S.L. ) o
Luminance L, ®© see 6.14 LS. o o o
Other see Clause 6 wm_m,.\m:ﬁ . o o o o o o
specifications

120¢ O3l © ATd 12¢0¢:9-G-L¥209 Ol
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Classification

Types of LED

[Y) o O] '
S z 4 z o 08 > E a
W. o M t d Y S — S u— S b - = ph ® L
) > Inspection iten] easurement an Failure criterion |0 g| 2 2|5 2| 22|52 22} sofl| 2w S| € 4] a
= 3 test methods ~ 0| 50|-0|50|+0|5o0f)O =8| E_ 2 : > w
© 3 SE|oE|SE|2E|SE|cEl 8 |ag| 2B | 53| = |
® £G|ES|E5|EG|Ec|€8] o |ug| S5¢ |38 >
Ee|28/E8/38/E8/38 o |2§| 925 o m 3
Zo|un|Z0waZ0Deo| - 23| 4gE | 4 &~
£ E E o) TeZ | = | ©
3 i i T °
B,® |Size Outline Outline 9 1 9 1 9 | %o o o o o o o
B, Terminal strength f IEC 60749-14 9 1 6 1 6 1 o o o o o
B, Solderability # IEC 60749-21 9 1 6 1 6 1 o o o o o
IEC 60749-15
Resistance to soldering Heat Ve>11xUSL o o o o o
IEC 60749-20
IEC 60749-25 low  |/R”2*USL O R A
B, . temperature L1, L,<0,5x% 9 1
Temperature cycling Tggmin Ls.L o o o o o o
high temperature o
Tgmax Other relevant
specifications
Bk Damp heat, cyclic IEC 60068-2-30 - - - - o o o o o o
500 h | same as Subgrou 1 1 1
Bs |Resistance to humidity o IEC 50749 4 9retP 1 24 10 10 o | o o o | o] o
- 168 K 4 0 0 0
. . 5001 | same as Subgroup 1 1 1
Be Continuous current' see 8.9 B 24 10 10 o o o o o o
168 h 4 0 0 0
i 500 h |s Sub 1 1 1
B, High ﬁmz_ima:cﬁm IEC mmoﬁo mmBm as subgroup 24 10 10 ° ° o o o o
storage \ 168 h 4 0 0 0
: : [EC60747-5-13
B Hydrogen sulphide corrogion test Relevant
8 H,S 2ppm NO, 4ppm | specifications 9 ! 6 ! 6 ! ° ° ° ° ° ©
B, |Sealing test’ IEC 60068-2-17 Relevant o | 1|6 | 1|6 | 1 o
specifications

L20¢ 231 © ATd 1¢0¢:9-G-21209 O3l
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Classification
Types of LED
1l 1 |
o o o :
a X
a | 3 z = s 1.5 LEF|E | 8
3 2 - Measurement and . T “olown|wnlonlwn|lonlNs | 5§25 | ® u a
o o Inspection iten Failure criterion Oc|_c|O0c| _c|Oc| ¢ > 8o ES £ s
= o test methods » 0| 00| -0 00| 0| 0 & o == o = T x w
© > SE|2E|SE|2E|QE|2E) S |og| 2e® | 55| | 2
» o|EG|eo|Eo|leo|Eo w g ®2 | T >
Eo|52|Eo|3a|Ea|E0 [=] | [= Iy = =)
S ] > > w @ [l <]
ol ca ol € Qo olc o w e~ © w —
Zo| 0| 200 Z0)eo - a=| 43 E w b
E E E| = TeE|5 | ®
3 a a ©
Bcrr) | Certificate of test results ffor
— - - - - > - - o o o o o o
ik Subgroups B, to B,
The-specimens-for-Group-A-and-Subgrepp-B,-can-be-also-used-forothertestitems. Specimens used iQ,/Group A shall be used for Subgroup B, to B, tests.

U.S.L. and L.S.L. represent the maximu|

In this test, judgment of acceptance for
predetermined and set in 6.12.

Either radiant intensity or radiant-pewer
Either luminance or luminous intensity i
Defective products with electrical and o
This test is applied to cases other than

This only needs to be executed as a qu
If no defects are found in 168 h of testirn
Apply this test if required.

Certificate of test results (CRRL)

This only needs to be executed as a qu
be performed for 500 h.

Im and minimum of the standard value, respectively.

pecimens can also be done in a comparison measurement using a light source whose values, for example

flux is defined.

5 defined.

btical characteristics can also be used as‘specimens for this test.
hermetically sealed packages.

blity confirmation test every three-months for Classification I.

g, it can be judged that the Iot'is acceptable and the test can be stopped.

ality confirmatery test once a year for Subgroups B, through B, (except B,) for Classification |. However,

ts luminous intensity, have been

the tests for B, through B, shall

120¢ O3l © ATd 12¢0¢:9-G-L¥209 Ol
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Table 7 — Periodical quality inspection

Classification
Types of LED
1l 1 |
HE
a s M ¢ 2 lo 2 lo 2 |o s | o8 a
©
3| I Inspection easuremen Failure E |2 E |2 E |2 | £ |38 5| 2
o 2 item and test criterion | & (o8| § (22| 8 |22| £ | E |23 x| 2| 2
9 3 methods 522|552 5 |BE| 8|2 e8| % ||
-— -~ - o - =
” 5 (5% 5 [5%| 5 |58 |5 |8E|E| 8|3
. ca . ca - ca w = €3 ° i —
Qluwo| 8 |wo| @ o] 4 | a [35] 5 | + | %
E | E € | E € | E T =] ®
(3 | 2|3 | 2|3 |7 3|88 4yl
™ 0]
Vibration 2.0 IEC 60749-12 o o b o o
Mechanical Same as 6 1 6 1
o} Shock @b IEC 60749-10 gubgroup 9 1 o 9 o o o
4
Acceleration
Steady state b IEC 60749-36 o o o o o
Same as
Resistance to IEC 60749-24
G Subgrou ~Q\M
2 | humidity a° 1000 h group | 1111 15 )T cle el
4
Continuous see 8.9 Same as
G : Subgrou — | =
3 current a,c 1000 h g p 11 1 5 1 (¢] (¢] (¢] (e] o
4
High Same as
g, temperature IEC 60749-6  |subgroup |11 A 5 | 1 [ = | = | o | o | o | o |
a 1000 h B
storage 4
IEC 60747-5-
Hydrogen 13 Relevant
g sulphide specifica® | 9 | 1 | 6 | 1 | 6 | 1 o o o o o
5 p p
corrosion test H,S 2 ppm tions
NO, 4 ppm
Sealing test 9 Relevant
G IEC 60068-2-1% | specifica- 9 1 6 1 6 1
tions
Certificate of
c de | test results for
(CRRL) | subgroups C, to - - |l === | = |- o o o o o
c,®
This |is applied to cases other than mould seal packages.
Thesle can be exéecuted as annual quality confirmatory tests for Classification I.
This test is.applied to cases other than hermetically sealed packages.
Apply this test if required.
Certificate of test results (CRRL).

8.3 Quality evaluation test

8.3.1 General

The quality evaluation test shall conform to Table 5. The samples passed Group 1 test shall be
used for Group 3 to 11 tests. Tests from Group 3 to 11 can be performed in parallel. However,
inspection items in each subgroup of Table 5 shall be performed in order from the top except
for subgroup 1-2.
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8.3.2 Specimens
The following provisions apply:

a) Specimens to be used shall be those specimens whose performances and characteristics
as defined in the particular standard are representative and which have been manufactured
within three months before the test starts.

b) In principle, specimens shall be selected at random from the same lot.

8.4 Lot quality inspection

8.4.f General

The| lot quality inspection—cerferms shall conform to Table 6. The inspection shodld be
performed by working on the inspection items for each subgroup in order from thé.top ex¢ept
for Group A in Table 6.

8.4 Specimens

Thel|following provisions apply.

a) [The sampling specimen AQL in a lot quality inspection shall conform to 1SO 2859-1
sampling-inspection procedures andtables by attributes with severity adjustment: purchase

{nspection-where-the-consumer-can-select-suppliers) (Sampling procedures for inspedtion
by attributes — Part 1: Sampling schemes indexed by agceptance quality limit (AQL) forlot-
by-lot inspection).

b) Bpecimens shall be sampled for each inspection lot.) The inspection lot can be either a single
broduction lot or a combination of severak production lots that are continuopsly
manufactured as shown below.

c) Each production lot shall have identical, design, materials, manufacturing processges,
manufacturing conditions, and controlled conditions.

d) [The time period and method to putAdogether a lot shall be set beforehand. The time pefiod
should be a week or less in principle and shall not exceed a month in any event.

8.5| Periodical quality inspection
8.5/1 General

The| periodical quality inspection-cenforms shall conform to Table 7.

8.5.2 Specimens

Specimens are. selected from lots that have passed the lot quality inspection. In this case| for
famjly madels (models whose basic designs are similar), it is acceptable to test only|the
representative model of the family instead of testing all of the models.

8.5.3 Inspection period

In principle, the inspection is performed every three months. However, it is acceptable to
perform the lot quality inspection for the first lot after restarting the production in the following
cases, even if the production of the product is halted for more than three months:

a) when any similar product with the equivalent quality is continuously manufactured;

b) when the production facilities are precisely maintained and controlled.
8.6 Easing of the lot quality inspection standards

If the lot quality inspection of a product has been continuously accepted more than five times,
the inspection items of Subgroups B; through By shown in Table 6 can be omitted for
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Classifications | and Il. However, the items of Subgroups B, through B, shall be inspected in
periodical quality inspections.

For Classification Ill, it is acceptable to perform the quality inspection for Subgroups B, through
B4, changing the classification of the quality evaluation with the eased standards (standards for
Classification II).

However, if the product fails the quality inspection with the eased standards even once, the
product shall be inspected at the original inspection level the next time.

8.7
8.7.

The

In th
the

8.7.

In p
with
acc
thar
spe

8.8

Pro
give
are

or the storage box of the re-inspected products.

8.9
8.9.

The
eled

8.9.

Initi
con

Periodical evaluation maintenance tests
1 Test items and specimens

test items and specimens shall conform to the evaluation test.

is case, for the test of products belonging to an identical family, it is acgeptable to test
Fepresentative specimens of the family.

2 Test period

rinciple, the test is performed once a year. However, thisltest can be omitted and repla
the lot quality inspection or the periodical quality inspection, if it can be determined by
Iimulated data of the tests that the results of the inspeétion show equivalent or better res
the quality evaluation test when performing the spé&cified lot quality inspection in 8.4 on
Cified periodical quality inspection in 8.5.

Long-term storage products

n the Group A and Subgroup Bj (soldering quality) inspection shown in Table 6 before
delivered. The year and month of-the inspection shall be additionally printed on the pack

Continuous current-test
1 General

purpose of this tést is to evaluate the resistance characteristics of the test LED w
trical and thérmal stresses are applied to it over a prolonged period of time.

2 Initial measurement

Jucts that have been stored for 24 manths or longer after the lot quality inspection shaﬂl be

bnly

ced
the
ults
the

hey
age

hen

Hitions for each standard.

b| smeasurements should be performed for the specified items and under the specilfied

8.9.
The

3 Test circuits

test circuit should be designed as shown in Figure 38.
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s1’

8.9
The

a)

b)

d)

e)

8.9

Lea

8.9.

The
con

Segment 1 Segment 2 === Segment n

The test LED IEC

, R Resistor for current limit
s2 sn

Figure 38 — Circuit diagram for continuous current test

U Test conditions

test conditions are as follows:

Conditions when applying current

continuously.

However, for LEDs with any specified allowancel¢ss standard, apply current under
conditions for the allowance loss standard.

Allowable tolerance of the impressed current

Keep the set value within 0 % to 10 %.

Ambient temperature

nless otherwise specified, the ambient temperature should be (25 + 5) °C.
lest time

nless otherwise specified,\the test time is 1 000 h.

Mounting method for the test LED

t should conform tosthe relevant specifications as needed.

5 Post-treatment

Ve the circuit-for two hours or longer after the termination of the test.

6 Final measurement

Itons 10r each stanaard.

Unless otherwise specified, apply the allowable forward current (Ig) per segment

the

final measurement should be performed for the specified items and under the spec‘fied
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Annex A

(normative)

Standard luminous efficiency

Table A.1 show the numerical scheme for the spectral luminous efficiency. This table shall be

applied when calculating related parameters. See 3.3 for more details.

Table A.1 — Definitive values of the spectral luminous efficiency

function-for Photop|c vision () (1 of 3)
\ua A | 7

A [nm) V(4) A (nm) V(4) A (nm) V(A) A (nm) W(A)
360 0,000 003 9 400 0,000 396 0 440 0,023 0000 480 0,139 02p 0
361 0,000 004 4 401 0,000 4337 441 0,024 294 6 481 0,144 67p 4
362 0,000 004 9 402 0,000 4730 442 0,025 610 2 482 0,150 46p 3
363 0,000 005 5 403 0,000 517 9 443 0,026 958 6 483 0,156 46{ 9
364 0,000 006 2 404 0,000 572 2 444 0,028 351 3 484 0,162 71 7
365 0,000 007 0 405 0,000 640 0 445 0,029 800 0 485 0,169 30p O
366 0,000 007 8 406 0,000 724 6 446 0,031 3108 486 0,176 248 1
367 0,000 008 8 407 0,000 825 5 447 0,032 883 7 487 0,183 558 1
368 0,000 009 8 408 0,000 941 2 448 04034521 1 488 0,191 27B 5
369 0,000 011 0 409 0,001 069 9 449 0,036 2257 489 0,199 41B 0
370 0,000 012 4 410 0,001 2100 450 0,038 000 0 490 0,208 02p 0
371 0,000 013 9 411 0,001 362 1 451 0,039 846 7 491 0,217 11p 9
372 0,000 015 6 412 0,001 530 8 452 0,041 768 0 492 0,226 734 5
373 0,000 017 4 413 0,001 720 4 453 0,043 766 0 493 0,236 85f 1
374 0,000 019 6 414 0,001 9353 454 0,0458427 494 0,247 48{1 2
375 0,000 022 0 415 0,002 18Q'0 455 0,048 000 0 495 0,258 60p O
376 0,000 024 8 416 0,002,454 8 456 0,050 2437 496 0,270 184 9
377 0,000 028 0 417 0,0027764 0 457 0,052 573 0 497 0,282 29B 9
378 0,000 031 5 418 0,003 117 8 458 0,054 980 6 498 0,295 05p 5
379 0,000 035 2 419 0,003 526 4 459 0,057 458 7 499 0,308 57B 0
380 0,000 039 0 420 0,004 000 0 460 0,060 000 O 500 0,323 00p O
381 0,000 042 8 421 0,004 546 2 461 0,062 602 0 501 0,338 40P 1
382 0,000 046 9 422 0,005 159 3 462 0,065 277 5 502 0,354 68p 8
383 0,000 051 6 423 0,005 829 3 463 0,068 042 1 503 0,371 69B 6
384 0,000 0572 424 0,006 546 2 464 0,070 911 1 504 0,389 28f 5
385 0,000:064 0 425 0,007 300 0 465 0,073 900 0 505 0,407 30p O
386 0,000 072 3 426 0,008 086 5 466 0,077 016 0 506 0,425 62p 9
387 0,000 082 2 427 0,008 908 7 467 0,080 266 4 507 0,444 30p 6
388 0,000 093 5 428 0,009 767 7 468 0,083 666 8 508 0,463 394 4
389 0,000 106 1 429 0,010 664 4 469 0,087 232 8 509 0,482 93p 5
390 0,000 120 0 430 0,011 6000 470 0,090 980 0 510 0,503 000 0
391 0,000 1350 431 0,012 573 2 471 0,094 917 6 511 0,523 569 3
392 0,000 151 5 432 0,013 5827 472 0,099 045 8 512 0,544 512 0
393 0,000 170 2 433 0,014 6297 473 0,103 367 4 513 0,565 690 0
394 0,000 191 8 434 0,015715 1 474 0,107 884 6 514 0,586 965 3
395 0,000 217 0 435 0,016 840 0 475 0,112 600 0 515 0,608 200 0
396 0,000 246 9 436 0,018 007 4 476 0,117 532 0 516 0,629 345 6
397 0,000 281 2 437 0,019 214 5 477 0,122 674 4 517 0,650 306 8
398 0,000 318 5 438 0,020 453 9 478 0,127 992 8 518 0,670 875 2
399 0,000 357 3 439 0,021 718 2 479 0,133 452 8 519 0,690 842 4
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A (nm) V(1) A (nm) V(1) A (nm) V(L) A (nm) V(L)
520 0,710 000 0 560 0,995 000 0 600 0,631 0000 640 0,175 0000
521 0,728 185 2 561 0,992 600 5 601 0,618 1555 641 0,167 223 5
522 0,745 463 6 562 0,989 742 6 602 0,605 314 4 642 0,159 646 4
523 0,761 969 4 563 0,986 444 4 603 0,592 475 6 643 0,152 277 6
524 0,777 836 8 564 0,982 724 1 604 0,579 637 9 644 0,145 1259
525 0,793 2000 565 0,978 600 0 605 0,566 800 0 645 0,138 2000

£0 U,0Uo T1TU 4 Y00 U,974 UGOo 1 OU0 U, 000 JOT 1 040 U, ToT QU 3
527 0,822 493 2 567 0,969 171 2 607 0,541 137 2 647 0,125024 8
528 0,836 306 8 568 0,963 856 8 608 0,528 352 8 648 018 779 2
529 0,849 491 6 569 0,958 134 9 609 0,515632 3 649 0,112 769 1
530 0,862 000 0 570 0,952 000 0 610 0,503 0000 650 0,107 000 O
531 0,873 810 8 571 0,945 450 4 611 0,490 468 8 651 0,101 476 2
532 0,884 962 4 572 0,938 499 2 612 0,478 030 4 652 0,096 188 6
533 0,895 493 6 573 0,931 162 8 613 0,465 677 6 653 0,091 1230
534 0,905 443 2 574 0,923 457 6 614 0,453 4032 654 0,086 264 9
835 0,914 850 1 575 0,915 4000 615 0,441.2000 655 0,081 6000
536 0,923 734 8 576 0,907 006 4 616 0,429-080 0 656 0,077 120 6
537 0,932 092 4 577 0,898 277 2 617 0,417 036 0 657 0,072 82% 5
538 0,939 9226 578 0,889 204 8 618 0,405 0320 658 0,068 710 1
539 0,947 225 2 579 0,879 781 6 649 0,393 0320 659 0,064 769 8
540 0,954 000 0 580 0,870 000 0 620 0,381 0000 660 0,061 000 0
541 0,960 256 1 581 0,859 861 3 621 0,368 918 4 661 0,057 396 2
542 0,966 007 4 582 0,849 3920 622 0,356 827 2 662 0,053 9550
543 0,971 260 6 583 0,838 6220 623 0,344 776 8 663 0,050 673 8
544 0,976 022 5 584 0,827/581 3 624 0,332 817 6 664 0,047 549 7
545 0,980 3000 585 0,816 300 0 625 0,321 000 0 665 0,044 580 0
546 0,984 092 4 586 0,804 794 7 626 0,309 338 1 666 0,041 758 7
547 0,987 418 2 587 0,793 0820 627 0,297 850 4 667 0,039 0850
548 0,990 312 8 588 0,781 1920 628 0,286 593 6 668 0,036 563 8
549 0,992 811 6 589 0,769 154 7 629 0,275 624 5 669 0,034 200 5
550 0,994 950 1 590 0,757 000 0 630 0,265 0000 670 0,032 000 0
551 0,996 7408 591 0,744 754 1 631 0,254 763 2 671 0,029 962 6
552 0,998,098 3 592 0,732 422 4 632 0,244 889 6 672 0,028 076 6
553 00999 112 0 593 0,720 003 6 633 0,235 334 4 673 0,026 329 4
554 0,999 748 2 594 0,707 496 5 634 0,226 052 8 674 0,024 708 1
555 1,000 000 0 595 0,694 900 0 635 0,217 0000 675 0,023 200 0
556 679998567 596 676822492 636 672084616 676 67624860 8
557 0,999 304 6 597 0,669 471 6 637 0,199 548 8 677 0,020 501 1
558 0,998 325 5 598 0,656 674 4 638 0,191 155 2 678 0,019 281 1
559 0,996 898 7 599 0,643 844 8 639 0,182 974 4 679 0,018 120 7
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A (nm) V(1) A (nm) V(1) A (nm) V(A) A (nm) V(A)
680 0,017 000 0 720 0,001 047 0 760 0,000 060 0 800 0,000 003 7
681 0,015 903 8 721 0,000 976 6 761 0,000 056 0 801 0,000 003 5
682 0,014 837 2 722 0,000 911 1 762 0,000 052 2 802 0,000 003 2
683 0,0138107 723 0,000 850 1 763 0,000 048 7 803 0,000 0030
684 0,012 834 8 724 0,000 793 2 764 0,000 045 4 804 0,000 002 8
685 0,011 9200 725 0,000 7400 765 0,000 042 4 805 0,000 002 6

36 0,071 068 3 126 0,000 690 1 766 0,000 039 6 806 0,000 Q02 4
687 0,010 273 4 727 0,000 643 3 767 0,000 036 9 807 0,000 002 3
688 0,009 533 3 728 0,000 599 5 768 0,000 034 4 808 0,000 002 1
689 0,008 846 2 729 0,000 558 5 769 0,000 032 1 809 0,000 002 0
690 0,008 2100 730 0,000 5200 770 0,000 0300 810 0,000 001 8
891 0,007 623 8 731 0,000 483 9 771 0,000 028 0 81 0,000 001 7
692 0,007 085 4 732 0,000 450 1 772 0,000 026 1 812 0,000 001 6
6§93 0,006 591 5 733 0,000 418 3 773 0,000 024 4 813 0,000 001 5
94 0,006 138 5 734 0,000 388 7 774 0,000 022 7 814 0,000 001 4
6§95 0,005 7230 735 0,000 361 1 775 0,000-021 2 815 0,000 001 3
696 0,005 343 1 736 0,000 335 4 776 0,000019 8 816 0,000 001 2
697 0,004 995 8 737 0,000 311 4 777 0,000 018 5 817 0,000 001 1
698 0,004 676 4 738 0,000 289 2 778 0,000 017 2 818 0,000 0010
699 0,004 380 1 739 0,000 268 5 779 0,000 016 1 819 0,000 0010
700 0,004 1020 740 0,000 249 2 780 0,000 0150 820 0,000 000 9
701 0,003 838 5 741 0,000 231 3 781 0,000 014 0 821 0,000 000 8
702 0,003 589 1 742 0,000 2147 782 0,000 013 1 822 0,000 000 8
703 0,003 354 2 743 0,000 199 3 783 0,000 012 2 823 0,000 000 7
704 0,003 134 1 744 0,000.185 0 784 0,000 011 4 824 0,000 000 7
705 0,002 9290 745 0,000 171 9 785 0,000 010 6 825 0,000 000 6
706 0,002 738 1 746 0,000 159 8 786 0,000 009 9 826 0,000 000 6
707 0,002 559 9 T4T. 0,000 148 6 787 0,000 009 2 827 0,000 000 6
708 0,002 393 2 748 0,000 138 3 788 0,000 008 6 828 0,000 000 5
709 0,002 237 3 749 0,000 128 8 789 0,000 008 0 829 0,000 000 5
710 0,002 091,0 750 0,000 1200 790 0,000 007 5 830 0,000 000 5
1 0,001 953 6 751 0,000 1119 791 0,000 007 0
M2 0,001-824 6 752 0,000 104 3 792 0,000 006 5
13 05001 703 6 753 0,000 097 3 793 0,000 006 0
m4 0,001 590 2 754 0,000 090 8 794 0,000 005 6
V(53 0,001 484 0 755 0,000 084 8 795 0,000 005 3
716 0,001 384 5 756 0,000 079 1 796 0,000 004 9
717 0,001 2913 757 0,000 073 9 797 0,000 004 6
718 0,001 204 1 758 0,000 068 9 798 0,000 004 3
719 0,001 1227 759 0,000 064 3 799 0,000 004 0
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Annex B
(normative)

How to obtain the self-absorption correction factor

B.1 Purpose

Because the standard and test LEDs have self-absorption in their package and the sealed part
of the resin as well as absorption in their connectors, when measuring the luminous flux and
the radiant-pewer flux using an integrating sphere, if the difference in absorption between|the
standard LED and the test LED cannot be ignored, the absorption error shall be corrected.

The| purpose here is to obtain the self-absorption correction factor used for this“corregtion
caldulation.

B.2| LED light sources for self-absorption measurement

shiglding plates to prevent light-transmittance inside the integrating sphere. These shielding
plates shall be placed at positions where direct light from the/LED does not enter the light
recgiving portion or the LED to be measured within the integrating sphere.

As ghown in Figure B.1, the LED light source for self-absorption me@sturement should have !;ght

Detector

Auxiliary LED

IEC

Figure-B-1 — Schematic diagram for self-absorption measurement

B.3]| Method

Swifch, on*the LED for measuring the self-absorption to obtain the read value (rg4) of|the

phofometer when the LED is turned off while the standard LED is attached, and the read value
(r14) of the photometer when the LED is furned off while the test LED is attached.

The self-absorption correction factor (a) can be calculated using the following formula:

=31 (B.1)
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It is preferable that the standard LED and the test LED have as similar a spectral distribution
as possible. However, if the difference in spectral distribution between the two LEDs is large
and the photometer or the radiometer is a filter photometer (V(1) photometer) or an optical
power meter, which tend to easily show errors from the difference in spectral distribution,
prepare a LED for measuring the self-absorption in accordance with the spectral distribution
suitable for each of the standard and test LEDs and calculate based on the read value and the
following formula:

=152 (B.2)

rql 7o

whedre

rso | is the read value of the photometer in the case that the standard LED is detached from

the integrating sphere and that the LED for measuring the self-absorption is
simultaneously turned on (rg4 is the light source lighting and the same method ap in

Formula (B.1));
rio | is the read value of the photometer in case the test LED is detached from the integrating
sphere after the LED for measuring the self-absorption of the test'LED is turned on [r}4 is
the light source lighting and the same method as in Formula~(B.1)].
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Annex C
(normative)

How to obtain the colour correction factor

Purpose

021

When measuring the luminous flux or the luminous intensity using a filter photometer (V(A4)

photometer), the misalignment of the V(1) photometer shall be corrected as needed to pre

ent

a relduction in measured data quality due to misalignment after the V(1) filter correction_for|
standard spectral luminous efficiency distribution.

In

power meter, if the relative spectral efficiency of the optical receiver is not sufficiently flat in

per

emigsion wavelength of the light source for radiation to be measured, corréction shal
ormed.
purpose here is to obtain the colour correction factor used for this”correction calculatig

The

C.2

c.2

Chsg

for the measurement and the relative spectral disttibution data of the standard LED and the
LED.

The

whd
Py(A
Pg(
V(A
S(A

ddition, when measuring the radiant-pewer flux or the radiant intensity using ‘an op

Method

1 Luminous flux and luminous intensity measurement

ck beforehand the relative spectral efficiency of¢hefilter photometer (V(4) photometer) u

colour correction factor (k) can be calculated using the following formula:

e
o B (1) (2)02-[ R (4)S(4)dk
re
) is the relativé spectral distribution of the test LED;

) is the refative spectral distribution of the standard LED;

is the.standard luminous efficiency;

is'the relative spectral efficiency of the photometer.

the

ical
the
be

sed
test

If the optical receiver is a sphere photometer, perform the calculation in consideration of the

tota

| spectral reflection factor p’(1) of the inner wall of the integrating sphere:

0

L A O

[y B (1Y (2)d2- [ R (2)S(4)p'(2)d
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where

p(4) is the spectral reflectance (average value of each part) of a part of the inner wall of the
integrating sphere.

C.2.2 Radiant-power flux and radiant intensity measurement

Check beforehand the relative spectral efficiency of the optical receiver used for the
measurement and the relative spectral distribution data of the standard LED and the test LED.
The colour correction factor (k) can be calculated using the following formula:

AH

L G R ()s()e
R (nai [ R(2)s(2)0n

whegre
Py(A) is the relative spectral distribution of the test LED;

P(4) is the relative spectral distribution of the standard LED;

S(A is the relative spectral efficiency of the optical receivef;
AH,|AL are the upper- and lower-limit wavelengths of the *emission wavelength range of|the
radiation measurement source to be measured.

If tHe optical receiver is a sphere radiometer, perfofm the calculation in consideration of|the
total spectral reflection factor p'(1) of the inner wall*of the integrating sphere.

whdre

p(A) is the speciral reflectance (average value of each part) of a part of the inner wall of| the
integrating-sphere.
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Annex D
(normative)

Calibration of the luminance meter

D.1 Purpose

The purpose here is to calibrate the luminance meter using a standard light source.

D.2] How to perform the calibration

As shown in Figure D.1 a), when the distance between the standard light seurce for|the
lum|nous intensity /y,(cd) and the white diffuse reflector with reflectance p is S (mJ), the lumingnce

L, of the white diffuse reflector can be obtained using the following formula:

pl
L, = "2(cd/m2)
ms

Therefore, by performing the photometric measurement using”a luminance meter while taking
the |white diffuse reflector as the standard luminance sdrface, the relationship between|the
lum|nance meter reading and the correct luminance can’be obtained.

As shown in Figure D.1 b), a method that takes:the white diffuse transmission plate as|the
standard luminance surface is also available. At'this time, by taking r as the transmittance of
the white diffuse transmission plate, 1,,(cd) as(the luminous intensity of the standard light sodrce,

and|S (m) as the distance between the standard light source and the white diffuse transmisgion
plate, the luminance L, of the white diffuse transmission plate can be obtained using|the

follqwing formula:

Tl
L, =—% (cd/m2)
s

Carp is required (in,"this formula, as the measurement of transmittance ¢ of the diffuse
tranfsmission plate is problematic.

Because the diffuseness obtained from a diffuse reflector tends to be better than that obtained
fronmp a diffuse transmission plate, the accuracy of the diffuseness obtained from a diffuse
reflector-is generally higher. However, use of a diffuse reflector is disadvantageous in fhat
i i ' i it is

advisable to keep the colour temperature of the standard light source constant.

When calibrating a luminance meter, it is advisable to carefully examine in advance the linearity
of the luminance meter to determine the appropriate calibration point.
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Key

\
A
A

_________ R - ______E_

Diffuse reflector L

IEC

D

Diffuse transmission plate

a) Use of diffuse reflector b) Use of diffuse transmission plate

tandard light source

minance meter

Figure D.1 — Schematic diagrams for calibration

IEC
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Annex E
(normative)

Colour-matching function of the XYZ colour system

See-Table-E-4- Table E.1 shows the colour-matching function of the XYZ colour system. This
table shall be applied when calculating related parameters. See 6.16.2.2 for more details.
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Table E.1 — Colour-matching function of the XYZ colour system (7 of 5)

A (nm) x(4) ¥(4) z(4) 4 (nm) x(4) ¥(4) z(4)
360 0,000 130 0,000 004 0,000 606 400 0,014 310 0,000 396 0,067 850
361 0,000 146 0,000 004 0,000 681 401 0,015 704 0,000 434 0,074 486
362 0,000 164 0,000 005 0,000 765 402 0,017 147 0,000 473 0,081 362
363 0,000 184 0,000 006 0,000 860 403 0,018 781 0,000 518 0,089 154
364 0,000 207 0,000 006 0,000 967 404 0,020 748 0,000 572 0,098 540
365 0,000 232 0,000 007 0,001 086 405 0,023 190 0,000 640 0,110 200
366 0,000-264 0,000-008 0,004-221 406 0,026-207 0,000-725 0424613
367 0,000 293 0,000 009 0,001 373 407 0,029 782 0,000 826 0,1444702
368 0,000 329 0,000 010 0,001 544 408 0,033 881 0,000 941 05161 304
369 0,000 370 0,000 011 0,001 734 409 0,038 468 0,001 070 0,183 257
370 0,000 415 0,000 012 0,001 946 410 0,043 510 0,001-210 0,207 400
371 0,000 464 0,000 014 0,002 178 411 0,048 996 0,004 362 0,233 §92
372 0,000 519 0,000 016 0,002 436 412 0,055 023 07001 531 0,262 g11
373 0,000 582 0,000 017 0,002 732 413 0,061 719 0,001 720 0,294 775
374 0,000 655 0,000 020 0,003 078 414 0,069-212 0,001 935 0,330 799
375 0,000 742 0,000 022 0,003 486 415 0,077)630 0,002 180 0,371 300
376 0,000 845 0,000 025 0,003 975 416 0,086 958 0,002 455 0,416 209
377 0,000 965 0,000 028 0,004 541 417 0,097 177 0,002 764 0,465 464
378 0,001 095 0,000 032 0,005 158 418 0,108 406 0,003 118 0,519 §95
379 0,001 231 0,000 035 0,005 803 419 0,120 767 0,003 526 0,579 530
380 0,001 368 0,000 039 0,006 450 420 0,134 380 0,004 000 0,645 §00
381 0,001 502 0,000 043 0,007 083 421 0,149 358 0,004 546 0,718 484
382 0,001 642 0,000 047 0,007 745 422 0,165 396 0,005 159 0,796 7113
383 0,001 802 0,000 052 0,008 501 423 0,181 983 0,005 829 0,877 8§46
384 0,001 996 0,000 057 0,009-415 424 0,198 611 0,006 546 0,959 439
385 0,002 236 0,000 064 0,010 550 425 0,214 770 0,007 300 1,039 050
386 0,002 535 0,000 072 0,011 966 426 0,230 187 0,008 087 1,115 367
387 0,002 893 0,000,082 0,013 656 427 0,244 880 0,008 909 1,188 497
388 0,003 301 0,000,094 0,015 588 428 0,258 777 0,009 768 1,258 123
389 0,003 753 0,000 106 0,017 730 429 0,271 808 0,010 664 1,323 930
390 0,004 243 0,000 120 0,020 050 430 0,283 900 0,011 600 1,385 900
391 0,004 762 0,000 135 0,022 511 431 0,294 944 0,012 573 1,442 935
392 0,005,330 0,000 151 0,025 203 432 0,304 897 0,013 583 1,494 04
393 05005 979 0,000 170 0,028 280 433 0,313 787 0,014 630 1,542 190
394 0,006 741 0,000 192 0,031 897 434 0,321 645 0,015 715 1,584 §81
395 0,007 650 0,000 217 0,036 210 435 0,328 500 0,016 840 1,622 960
396 0,008 751 0,000 247 0,041 438 436 0,334 351 0,018 007 1,656 405
397 0,010 029 0,000 281 0,047 504 437 0,339 210 0,019 214 1,685 296
398 0,011 422 0,000 319 0,054 120 438 0,343 121 0,020 454 1,709 875
399 0,012 869 0,000 357 0,060 998 439 0,346 130 0,021 718 1,730 382
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Table E.1 (2 of 5)

A (nm) x(4) (4) z() A (nm) x(4) (4) 2(2)
440 0,348 280 | 0,023 000 | 1,747 060 490 0,032 010 | 0,208 020 | 0,465 180
441 0,349 600 | 0,024 295 | 1,760 045 491 0,027 917 | 0,217 120 | 0,439 925
442 0,350 147 | 0,025610 | 1,769 623 492 0,024 144 | 0,226 735 | 0,416 184
443 0,350 013 | 0,026 959 | 1,776 264 493 0,020 687 | 0,236 857 | 0,393 882
444 0,349 287 | 0,028 351 | 1,780 433 494 0,017 540 | 0,247 481 | 0,372 946
445 0,348 060 | 0,029 800 | 1,782 600 495 0,014 700 | 0,258 600 | 0,353 300
446 0,346 373 | 0,031311 | 1,782 968 496 0,012 162 | 0,270 185 | 0,334 858
147 0,344 262 | 0,032 884 | 1,781 700 497 0,000 920 | 0,282 294 | 0,317 §52
448 0,341 809 | 0,034 521 | 1,779 198 498 0,007 967 | 0,295 051 | 0,301°338
449 0,339 094 | 0,036 226 | 1,775 867 499 0,006 296 | 0,308 578 | 0,286 169
450 0,336 200 | 0,038 000 | 1,772 110 500 0,004 900 | 0,323 000) |~0,272 doo
451 0,333 198 | 0,039847 | 1,768 259 501 0,003 777 | 0,338402 | 0,258 417
452 0,330 041 | 0,041768 | 1,764 039 502 0,002 945 | 0,354 686 | 0,246 484
453 0,326 636 | 0,043 766 | 1,758 944 503 0,002 425 | 0;371699 | 0,234 772
454 0,322 887 | 0,045843 | 1,752 466 504 0,002 236 |, 0,389 288 | 0,223 453
455 0,318 700 | 0,048 000 | 1,744 100 505 0,002 400" | 0,407 300 | 0,212 300
456 0,314 025 | 0,050 244 | 1,733 560 506 0,002.926 | 0,425630 | 0,201 169
457 0,308 884 | 0,052 573 | 1,720 858 507 0,003 837 | 0,444 310 | 0,190 120
458 0,303 290 | 0,054 981 | 1,705 937 508 0,005 175 | 0,463 394 | 0,179 425
459 0,297 258 | 0,057 459 | 1,688 737 509 0,006 982 | 0,482 940 | 0,168 561
460 0,290 800 | 0,060 000 | 1,669 200 540 0,009 300 | 0,503 000 | 0,158 400
461 0,283 970 | 0,062 602 | 1,647 529 511 0,012 149 | 0,523 569 | 0,148 138
462 0,276 721 | 0,065278 | 1,623 413 512 0,015536 | 0,544 512 | 0,138 376
463 0,268 918 | 0,068 042 | 1,596 022 513 0,019 478 | 0,565690 | 0,128 494
464 0,260 423 | 0,070 911 | 1,564 528 514 0,023 993 | 0,586 965 | 0,120 d75
465 0,251 100 | 0,073 900 | 1,528 100 515 0,029 100 | 0,608 200 | 0,111 700
466 0,240 848 | 0,077 016 | 1,486-111 516 0,034 815 | 0,629 346 | 0,103 405
467 0,229 851 | 0,080 266 | 1,439 522 517 0,041 120 | 0,650 307 | 0,096 d67
468 0,218 407 | 0,083 667 +|(_1,389 880 518 0,047 985 | 0,670 875 | 0,089 983
469 0,206 812 | 0,087 233~ 1,338 736 519 0,055 379 | 0,690 842 | 0,083 d45
470 0,195 360 | 0,090'980 | 1,287 640 520 0,063 270 | 0,710 000 | 0,078 450
471 0,184 214 | 0,094 918 | 1,237 422 521 0,071 635 | 0,728 185 | 0,073 409
472 0,173 327 4-.0,099 046 | 1,187 824 522 0,080 462 | 0,745 464 | 0,068 d78
473 0,162 688_] 0,103 367 | 1,138 761 523 0,089 740 | 0,761 969 | 0,064 568
474 0,152 283 | 0,107 885 | 1,090 148 524 0,099 456 | 0,777 837 | 0,060 788
475 0/142'100 | 0,112 600 | 1,041 900 525 0,109 600 | 0,793 200 | 0,057 450
476 0,132 179 | 0,117 532 | 0,994 198 526 0,120 167 | 0,808 110 | 0,053 do4
477 0,122 570 | 0,122 674 | 0,947 347 527 0,131 115 | 0,822 496 | 0,050 7447
478 0,113 275 | 0,127 993 | 0,901 453 528 0,142 368 | 0,836 307 | 0,047 753
479 0104298 | 0133453 | 0856619 529 0153854 | 08490492 | 0.044 499
480 0,095 640 | 0,139 020 | 0,812 950 530 0,165 500 | 0,862 000 | 0,042 160
481 0,087 300 | 0,144 676 | 0,770 517 531 0,177 257 | 0,873 811 | 0,039 507
482 0,079 308 | 0,150 469 | 0,729 445 532 0,189 140 | 0,884 962 | 0,036 936
483 0,071 718 | 0,156 462 | 0,689 914 533 0,201 169 | 0,895 494 | 0,034 458
484 0,064 581 | 0,162 718 | 0,652 105 534 0,213 366 | 0,905 443 | 0,032 089
485 0,057 950 | 0,169 300 | 0,616 200 535 0,225 750 | 0,914 850 | 0,029 840
486 0,051 862 | 0,176 243 | 0,582 329 536 0,238 321 | 0,923 735 | 0,027 712
487 0,046 282 | 0,183 558 | 0,550 416 537 0,251 067 | 0,932 092 | 0,025 694
488 0,041 151 | 0,191 274 | 0,520 338 538 0,263 992 | 0,939 923 | 0,023 787
489 0,036 413 | 0,199 418 | 0,491 967 539 0,277 102 | 0,947 225 | 0,021 989
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Table E.1 (3 of 5)

A (nm) x(4) »(4) 2(2) A (nm) x(4) (1) z(4)
540 0,290 400 | 0,954 000 | 0,020 300 590 1,026 300 | 0,757 000 | 0,001 100
541 0,303 891 | 0,960 256 | 0,018 718 591 1,033 983 | 0,744 754 | 0,001 069
542 0,317 573 | 0,966 007 | 0,017 240 592 1,040 986 | 0,732 422 | 0,001 049
543 0,331438 | 0,971261 | 0,015 864 593 1,047 188 | 0,720 004 | 0,001 036
544 0,345 483 | 0,976 023 | 0,014 585 594 1,052 467 | 0,707 497 | 0,001 021
545 0,359 700 | 0,980 300 | 0,013 400 595 1,056 700 | 0,694 900 | 0,001 000
546 0,374 084 | 0,984 092 | 0,012 307 596 1,059 794 | 0,682 219 | 0,000 969
547 0,388 640 | 0,987 418 | 0,011 302 597 1,061 799 | 0,669 472 | 0,000 930
548 0,403 378 | 0,990 313 | 0,010 378 598 1,062 807 | 0,656 674 | 0;000°887
549 0,418 312 | 0,992 812 | 0,009 529 599 1,062 910 | 0,643 845 | ‘6,000 g43
550 0,433 450 | 0,994 950 | 0,008 750 600 1,062 200 | 0,631 000) | 0,000 400
551 0,448 795 | 0,996 711 | 0,008 035 601 1,060 735 | 0,618156 | 0,000 761
552 0,464 336 | 0,998 098 | 0,007 382 602 1,058 444 | 0,605814 | 0,000 724
553 0,480 064 | 0,999 112 | 0,006 785 603 1,055 224 | 07592 476 | 0,000 886
554 0,495 971 | 0,999 748 | 0,006 243 604 1,050 977.” |\ 0,579 638 | 0,000 645
555 0,512 050 | 1,000 000 | 0,005 750 605 1,045600" | 0,566 800 | 0,000 00
556 0,528 296 | 0,999 857 | 0,005 304 606 1,039-037 | 0,553 961 | 0,000 548
557 0,544 692 | 0,999 305 | 0,004 900 607 1,081 361 | 0,541 137 | 0,000 402
558 0,561 209 | 0,998 326 | 0,004 534 608 4022 666 | 0,528 353 | 0,000 435
559 0,577 822 | 0,996 899 | 0,004 202 609 1,013 048 | 0,515632 | 0,000 383
560 0,594 500 | 0,995 000 | 0,003 900 610 1,002 600 | 0,503 000 | 0,000 340
561 0,611 221 | 0,992 601 | 0,003 623 641 0,991 368 | 0,490 469 | 0,000 307
562 0,627 976 | 0,989 743 | 0,003 371 612 0,979331 | 0,478 030 | 0,000 283
563 0,644 760 | 0,986 444 | 0,003 141 613 0,966 492 | 0,465678 | 0,000 265
564 0,661 570 | 0,982 724 | 0,002 935 614 0,952 848 | 0,453 403 | 0,000 252
565 0,678 400 | 0,978 600 | 0,002 750 615 0,938 400 | 0,441 200 | 0,000 240
566 0,695 239 | 0,974 084 | 0,002°585 616 0,923 194 | 0,429 080 | 0,000 230
567 0,712 059 | 0,969 171 | 0,002 439 617 0,907 244 | 0,417 036 | 0,000 221
568 0,728 828 | 0,963 857 %/[..0,002 309 618 0,890 502 | 0,405 032 | 0,000 212
569 0,745519 | 0,958 135~| 0,002 197 619 0,872 920 | 0,393 032 | 0,000 202
570 0,762 100 | 0,952°000 | 0,002 100 620 0,854 450 | 0,381 000 | 0,000 190
571 0,778 543 | 0,945 450 | 0,002 018 621 0,835084 | 0,368 918 | 0,000 174
572 0,794 826 _4-.0,938 499 | 0,001 948 622 0,814 946 | 0,356 827 | 0,000 156
573 0,810 926 0,931 163 | 0,001 890 623 0,794 186 | 0,344 777 | 0,000 136
574 0,826,825 | 0,923 458 | 0,001 841 624 0,772 954 | 0,332 818 | 0,000 117
575 0842500 | 0,915400 | 0,001 800 625 0,751 400 | 0,321 000 | 0,000 100
576 0,857 933 | 0,907 006 | 0,001 766 626 0,729 584 | 0,309 338 | 0,000 086
577 0,873 082 | 0,898 277 | 0,001 738 627 0,707 589 | 0,297 850 | 0,000 075
578 0,887 894 | 0,889 205 | 0,001 711 628 0,685 602 | 0,286 594 | 0,000 065
579 0902 318 0.879 782 0001683 829 0663 810 0275 625 0.000 Q57
580 0,916 300 | 0,870 000 | 0,001 650 630 0,642 400 | 0,265 000 | 0,000 050
581 0,929 800 | 0,859 861 | 0,001 610 631 0,621 515 | 0,254 763 | 0,000 044
582 0,942 798 | 0,849 392 | 0,001 564 632 0,601 114 | 0,244 890 | 0,000 040
583 0,955 278 | 0,838 622 | 0,001 514 633 0,581 105 | 0,235334 | 0,000 036
584 0,967 218 | 0,827 581 | 0,001 459 634 0,561 398 | 0,226 053 | 0,000 033
585 0,978 600 | 0,816 300 | 0,001 400 635 0,541 900 | 0,217 000 | 0,000 030
586 0,989 386 | 0,804 795 | 0,001 337 636 0,522 600 | 0,208 162 | 0,000 028
587 0,999 549 | 0,793 082 | 0,001 270 637 0,503 546 | 0,199 549 | 0,000 026
588 1,009 089 | 0,781 192 | 0,001 205 638 0,484 744 | 0,191 155 | 0,000 024
589 1,018 006 | 0,769 155 | 0,001 147 639 0,466 194 | 0,182 974 | 0,000 022
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A (nm) x(4) (1) 2(2) A (nm) x(4) »(4) 2(2)
640 0,447 900 0,175 000 0,000 020 690 0,022 700 0,008 210 | 0,000 000
641 0,429 861 0,167 224 0,000 018 691 0,021 084 0,007 624 | 0,000 000
642 0,412 098 0,159 646 0,000 016 692 0,019 600 0,007 085 | 0,000 000
643 0,394 644 0,152 278 0,000 014 693 0,018 237 0,006 591 0,000 000
644 0,377 533 0,145 126 0,000 012 694 0,016 987 0,006 138 | 0,000 000
645 0,360 800 0,138 200 0,000 010 695 0,015 840 0,005 723 | 0,000 000
646 0,344 456 0,131 500 0,000 008 696 0,014 791 0,005 343 | 0,000 000
647 0,328 517 0,125 025 0,000 005 697 0,013 831 0,004 996 | 0,000]000
64 0,313 019 0,118 779 0,000 003 698 0,012 949 0,004 676 | _0,000(000
649 0,298 001 0,112 769 0,000 001 699 0,012 129 0,004 380 |“<0;000{000
65 0,283 500 0,107 000 0,000 000 700 0,011 359 0,004 102) | 0,000{000
65 0,269 545 0,101 476 0,000 000 701 0,010 629 0,003838 | 0,000/000
659 0,256 118 0,096 189 0,000 000 702 0,009 939 0,003:589 | 0,000/000
65 0,243 190 0,091 123 0,000 000 703 0,009 288 0,003 354 | 0,000{000
654 0,230 727 0,086 265 0,000 000 704 0,008 679 0,003 134 | 0,000{000
65% 0,218 700 0,081 600 0,000 000 705 0,008 111 0,002 929 | 0,000{000
65 0,207 097 0,077 121 0,000 000 706 0,007-582 0,002 738 | 0,000{000
657 0,195 923 0,072 826 0,000 000 707 0(007 089 0,002 560 | 0,000{000
65 0,185 171 0,068 710 0,000 000 708 0,006 627 0,002 393 | 0,000{000
659 0,174 832 0,064 770 0,000 000 709 0,006 195 0,002 237 | 0,000{000
66 0,164 900 0,061 000 0,000 000 710 0,005 790 0,002 091 0,000{000
66 0,155 367 0,057 396 0,000 000 744 0,005 410 0,001 954 | 0,000{000
66 0,146 230 0,053 955 0,000 000 712 0,005 053 0,001 825 | 0,000{000
66 0,137 490 0,050 674 0,000 000 713 0,004 718 0,001 704 | 0,000{000
664 0,129 147 0,047 550 0,000 000 714 0,004 404 0,001 590 | 0,000{000
665 0,121 200 0,044 580 0,000 Q00 715 0,004 109 0,001 484 | 0,000{000
66 0,113 640 0,041 759 0,0007000 716 0,003 834 0,001 384 | 0,000{000
66T 0,106 465 0,039 085 0,000 000 717 0,003 576 0,001 291 0,000{000
66 0,099 690 0,036 564 0,000 000 718 0,003 334 0,001 204 | 0,000{000
669 0,093 331 0,034 200 0,000 000 719 0,003 109 0,001 123 | 0,000{000
67 0,087 400 0,032°000 0,000 000 720 0,002 899 0,001 047 | 0,000{000
67 0,081 901 0,029 963 0,000 000 721 0,002 704 0,000 977 | 0,000{000
679 0,076 804 0,028 077 0,000 000 722 0,002 523 0,000 911 0,000{000
67 0,072 077 0,026 329 0,000 000 723 0,002 354 0,000 850 | 0,000{000
674 0,067 687 0,024 708 0,000 000 724 0,002 197 0,000 793 | 0,000{000
67% 0,063)600 0,023 200 0,000 000 725 0,002 049 0,000 740 | 0,000{000
67 0(059 807 0,021 801 0,000 000 726 0,001 911 0,000 690 | 0,000{000
67T 0,056 282 0,020 501 0,000 000 727 0,001 781 0,000 643 | 0,000{000
67 0,052 971 0,019 281 0,000 000 728 0,001 660 0,000 599 | 0,000{000
674 0049 819 0018 121 0000000 729 00014 5486 0000558 Q0001000
680 0,046 770 0,017 000 0,000 000 730 0,001 440 0,000 520 | 0,000 000
681 0,043 784 0,015 904 0,000 000 731 0,001 340 0,000 484 | 0,000 000
682 0,040 875 0,014 837 0,000 000 732 0,001 246 0,000 450 | 0,000 000
683 0,038 073 0,013 811 0,000 000 733 0,001 158 0,000 418 | 0,000 000
684 0,035 405 0,012 835 0,000 000 734 0,001 076 0,000 389 | 0,000 000
685 0,032 900 0,011 920 0,000 000 735 0,001 000 0,000 361 0,000 000
686 0,030 564 0,011 068 0,000 000 736 0,000 929 0,000 335 | 0,000 000
687 0,028 381 0,010 273 0,000 000 737 0,000 862 0,000 311 0,000 000
688 0,026 345 0,009 533 0,000 000 738 0,000 801 0,000 289 | 0,000 000
689 0,024 453 0,008 846 0,000 000 739 0,000 743 0,000 268 | 0,000 000
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A (nm) x(4) (1) 2(2) A (nm) x(4) »(4) 2(2)
740 0,000 690 0,000 249 0,000 000 790 0,000 021 0,000 007 | 0,000 000
741 0,000 641 0,000 231 0,000 000 791 0,000 019 0,000 007 | 0,000 000
742 0,000 595 0,000 215 0,000 000 792 0,000 018 0,000 006 | 0,000 000
743 0,000 552 0,000 199 0,000 000 793 0,000 017 0,000 006 | 0,000 000
744 0,000 512 0,000 185 0,000 000 794 0,000 016 0,000 006 | 0,000 000
745 0,000 476 0,000 172 0,000 000 795 0,000 015 0,000 005 | 0,000 000
746 0,000 442 0,000 160 0,000 000 796 0,000 014 0,000 005 | 0,000 000
74} 0,000 412 0,000 149 0,000 000 797 0,000 013 0,000 005 | 0,000]000
74 0,000 383 0,000 138 0,000 000 798 0,000 012 0,000 004 | _0,000/000
749 0,000 357 0,000 129 0,000 000 799 0,000 011 0,000 004 |“<0;000/000
75 0,000 332 0,000 120 0,000 000 800 0,000 010 0,000 004 | 0,000/000
75 0,000 310 0,000 112 0,000 000 801 0,000 010 0,0007003 | 0,000/000
759 0,000 289 0,000 104 0,000 000 802 0,000 009 0,000:003 | 0,000/000
75 0,000 270 0,000 097 0,000 000 803 0,000 008 0000 003 | 0,000/000
754 0,000 252 0,000 091 0,000 000 804 0,000 008 0,000 003 | 0,000/000
75% 0,000 235 0,000 085 0,000 000 805 0,000 007 0,000 003 | 0,000/000
75 0,000 219 0,000 079 0,000 000 806 0,000-007 0,000 002 | 0,000/000
757 0,000 205 0,000 074 0,000 000 807 0(000 006 0,000 002 | 0,000/000
75 0,000 191 0,000 069 0,000 000 808 0,000 006 0,000 002 | 0,000/000
759 0,000 178 0,000 064 0,000 000 809 0,000 005 0,000 002 | 0,000/000
76 0,000 166 0,000 060 0,000 000 810 0,000 005 0,000 002 | 0,000/000
76 0,000 155 0,000 056 0,000 000 844 0,000 005 0,000 002 | 0,000/000
762 0,000 145 0,000 052 0,000 000 812 0,000 004 0,000 002 | 0,000/000
76 0,000 135 0,000 049 0,000 000 813 0,000 004 0,000 001 0,000/000
764 0,000 126 0,000 045 0,000 000 814 0,000 004 0,000 001 0,000/000
765 0,000 117 0,000 042 0,000 Q00 815 0,000 004 0,000 001 0,000/000
76 0,000 110 0,000 040 0,0007000 816 0,000 003 0,000 001 0,000/000
767 0,000 102 0,000 037 0,000 000 817 0,000 003 0,000 001 0,000/000
76 0,000 095 0,000 034 0,000 000 818 0,000 003 0,000 001 0,000/000
769 0,000 089 0,000 032 0,000 000 819 0,000 003 0,000 001 0,000/000
77 0,000 083 0,000°030 0,000 000 820 0,000 003 0,000 001 0,000/000
77 0,000 078 0,000 028 0,000 000 821 0,000 002 0,000 001 0,000/000
772 0,000 072 0,000 026 0,000 000 822 0,000 002 0,000 001 0,000/000
77 0,000 068 0,000 024 0,000 000 823 0,000 002 0,000 001 0,000/000
774 0,000 063 0,000 023 0,000 000 824 0,000 002 0,000 001 0,000/000
77% 0,000,059 0,000 021 0,000 000 825 0,000 002 0,000 001 0,000/000
77 0(000 055 0,000 020 0,000 000 826 0,000 002 0,000 001 0,000/000
7771 0,000 051 0,000 019 0,000 000 827 0,000 002 0,000 001 0,000/000
77 0,000 048 0,000 017 0,000 000 828 0,000 001 0,000 001 0,000/000
774 0000045 0000018 0000000 829 0000001 0000000 Q0001000
780 0,000 042 0,000 015 0,000 000 830 0,000 001 0,000 000 | 0,000 000
781 0,000 039 0,000 014 0,000 000
782 0,000 036 0,000 013 0,000 000
783 0,000 034 0,000 012 0,000 000
784 0,000 032 0,000 011 0,000 000
785 0,000 029 0,000 011 0,000 000
786 0,000 027 0,000 010 0,000 000
787 0,000 026 0,000 009 0,000 000
788 0,000 024 0,000 009 0,000 000
789 0,000 022 0,000 008 0,000 000
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Annex F
(normative)

Spectral chromaticity coordinates

SeeTable-F4- Table F.1 show the numerical scheme for the relationship between the dominant
wavelength (1p) and the chromaticity coordinate of the spectrum stimulus. This table shall be

applied when calculating related parameters. See 6.16.2.2 for more details.

Table F.1 — Spectral chromaticity coordinates (7 of 5)

|
Spectral chromaticity coordinates Spectral chromaticity coordinateJ
A [nm) A (nm)
X, Y2 Z, X2 Ya Z1
380 0,174 11 0,004 96 0,820 92 420 0,171 41 0,005 10 0,823 49
381 0,174 08 0,004 98 0,820 93 421 0,171 21 0,005.21 0,823 48
382 0,174 05 0,004 98 0,820 97 422 0,170 99 0,005 33 0,823 47
383 0,174 02 0,005 02 0,820 96 423 0,170 77 0,005 47 0,823 16
384 0,174 05 0,004 97 0,820 98 424 0,170 54 0,005 62 0,823 44
385 0,174 01 0,004 98 0,821 01 425 0,170,30 0,005 79 0,823 41
386 0,173 95 0,004 94 0,821 11 426 0,170 05 0,005 97 0,823 98
387 0,173 95 0,004 93 0,821 12 427 04169 79 0,006 18 0,824 (4
388 0,173 89 0,004 95 0,821 16 428 0,169 50 0,006 40 0,824 10
389 0,173 84 0,004 91 0,821 25 429 0,169 20 0,006 64 0,824 16
390 0,173 80 0,004 92 0,821 28 430. 0,168 88 0,006 90 0,824 42
391 0,173 74 0,004 93 0,821 33 431 0,168 52 0,007 18 0,824 49
392 0,173 71 0,004 92 0,821 37 432 0,168 15 0,007 49 0,824 36
393 0,173 66 0,004 94 0,821 40 433 0,167 75 0,007 82 0,824 43
394 0,173 60 0,004 94 0,821 45 434 0,167 33 0,008 18 0,824 40
395 0,173 56 0,004 92 0,824152 435 0,166 90 0,008 56 0,824 45
396 0,173 51 0,004 90 01821 60 436 0,166 45 0,008 96 0,824 949
397 0,173 47 0,004 86 0,821 67 437 0,165 98 0,009 40 0,824 42
398 0,173 43 0,004 84 0,821 73 438 0,165 48 0,009 86 0,824 45
399 0,173 38 0,004"81 0,821 81 439 0,164 96 0,010 35 0,824 49
400 0,173 34 0,004°80 0,821 87 440 0,164 41 0,010 86 0,824 13
401 0,173 29 0,004 79 0,821 92 441 0,163 83 0,011 39 0,824 19
402 0,173 23 0,004 78 0,821 99 442 0,163 21 0,011 94 0,824 45
403 0,1737 0,004 78 0,822 05 443 0,162 55 0,012 52 0,824 43
404 0,#73:10 0,004 77 0,822 13 444 0,161 85 0,013 14 0,825 (1
405 0,173 02 0,004 78 0,822 20 445 0,161 10 0,013 79 0,825 10
406 0,172 93 0,004 78 0,822 28 446 0,160 31 0,014 49 0,825 40
407 0,172 84 0,004 79 0,822 37 447 0,159 47 0,015 23 0,825 30
408 0,172 75 0.004 80 0.822 45 448 0.158 57 0.016 02 0.825 41
409 0,172 66 0,004 80 0,822 54 449 0,157 63 0,016 84 0,825 53
410 0,172 58 0,004 80 0,822 62 450 0,156 64 0,017 70 0,825 65
411 0,172 49 0,004 79 0,822 71 451 0,155 61 0,018 61 0,825 79
412 0,172 40 0,004 80 0,822 81 452 0,154 52 0,019 56 0,825 92
413 0,172 30 0,004 80 0,822 90 453 0,153 40 0,020 55 0,826 05
414 0,172 19 0,004 81 0,822 99 454 0,152 22 0,021 61 0,826 17
415 0,172 09 0,004 83 0,823 08 455 0,150 99 0,022 74 0,826 27
416 0,171 98 0,004 86 0,823 16 456 0,149 69 0,023 95 0,826 36
417 0,171 87 0,004 89 0,823 24 457 0,148 34 0,025 25 0,826 42
418 0,171 74 0,004 94 0,823 32 458 0,146 93 0,026 64 0,826 44
419 0,171 59 0,005 01 0,823 40 459 0,145 47 0,028 12 0,826 41
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A (nm) *) Vi Z A (nm) ) Vi Z;
460 0,143 96 0,029 70 0,826 34 510 0,013 87 0,750 19 0,235 94
461 0,142 41 0,031 39 0,826 20 511 0,017 77 0,765 61 0,216 62
462 0,140 80 0,033 21 0,825 99 512 0,022 24 0,779 63 0,198 13
463 0,139 12 0,035 20 0,825 68 513 0,027 27 0,792 10 0,180 62
464 0,137 36 0,037 40 0,825 23 514 0,032 82 0,802 93 0,164 25
465 0,135 50 0,039 88 0,824 62 515 0,038 85 0,812 02 0,149 13
466 0743354 0704269 6782380 516 0764533 0784939 07435238
467 0,131 37 0,045 88 0,822 75 517 0,052 18 0,825 16 0,122.\46
468 0,129 09 0,049 45 0,821 46 518 0,059 33 0,829 43 0111 25
469 0,126 66 0,053 43 0,819 91 519 0,066 72 0,832 27 0,101 d1
470 0,124 12 0,057 80 0,818 08 520 0,074 30 0,833 80 0,091 49
471 0,121 47 0,062 59 0,815 94 521 0,082 05 0,834°09 0,083 46
472 0,118 70 0,067 83 0,813 47 522 0,089 94 0,833 29 0,076 147
473 0,115 81 0,073 58 0,810 61 523 0,097 94 0,831 59 0,070 47
474 0,112 78 0,079 90 0,807 33 524 0,106 02 0,829 18 0,064 40
475 0,109 59 0,086 84 0,803 56 525 0,114A486 0,826 21 0,059 43
476 0,106 26 0,094 49 0,799 25 526 0,122 35 0,822 77 0,054 g8
477 0,102 78 0,102 86 0,794 36 527 0130 55 0,818 93 0,050 §3
478 0,099 13 0,112 01 0,788 87 528 0,138 70 0,814 77 0,046 92
479 0,095 30 0,121 95 0,782 75 529 0,146 77 0,810 39 0,042 83
480 0,091 29 0,132 70 0,776 00 530 0,154 72 0,805 86 0,039 41
481 0,087 08 0,144 32 0,768 60 531 0,162 54 0,801 24 0,036 43
482 0,082 68 0,156 87 0,760 45 532 0,170 24 0,796 52 0,033 24
483 0,078 12 0,170 42 0,751 46 533 0,177 85 0,791 69 0,030 46
484 0,073 44 0,185 03 0,741 58 534 0,185 39 0,786 73 0,027 48
485 0,068 71 0,200 72 0,730,57 535 0,192 88 0,781 63 0,025 49
486 0,063 99 0,217 47 O\718 54 536 0,200 31 0,776 40 0,023 29
487 0,059 32 0,235 25 0,705 43 537 0,207 69 0,771 05 0,021 25
488 0,054 67 0,254 10 0,691 24 538 0,215 03 0,765 60 0,019 38
489 0,050 03 0,274\00 0,675 97 539 0,222 34 0,760 02 0,017 44
490 0,045 39 0,294°98 0,659 63 540 0,229 62 0,754 33 0,016 d5
491 0,040 76 0,316 98 0,642 26 541 0,236 88 0,748 52 0,014 49
492 0,036 19 0,339 90 0,623 91 542 0,244 13 0,742 61 0,013 35
493 0,031.76 0,363 60 0,604 65 543 0,251 36 0,736 61 0,012d3
494 0,027:49 0,387 92 0,584 59 544 0,258 58 0,730 51 0,010 42
495 0:023 46 0,412 70 0,563 84 545 0,265 78 0,724 32 0,009 do
496 0,019 70 0,437 76 0,542 54 546 0,272 96 0,718 06 0,008 d8
497 0,016 27 0,462 95 0,520 78 547 0,280 13 0,711 72 0,008 15
498 0,013 18 0,488 21 0,498 61 548 0,287 29 0,705 32 0,007 49
499 0,010 48 0,513 40 0,476 12 549 0,294 45 0,698 84 0,006 71
500 0,008 17 0,538 42 0,453 41 550 0,301 60 0,692 31 0,006 09
501 0,006 28 0,563 07 0,430 65 551 0,308 76 0,685 71 0,005 53
502 0,004 87 0,587 12 0,408 01 552 0,315 91 0,679 06 0,005 02
503 0,003 98 0,610 45 0,385 57 553 0,323 07 0,672 37 0,004 57
504 0,003 64 0,633 01 0,363 35 554 0,330 22 0,665 63 0,004 16
505 0,003 86 0,654 82 0,341 32 555 0,337 36 0,658 85 0,003 79
506 0,004 65 0,675 90 0,319 46 556 0,344 51 0,652 03 0,003 46
507 0,006 01 0,696 12 0,297 87 557 0,351 66 0,645 17 0,003 16
508 0,007 99 0,715 34 0,276 67 558 0,358 81 0,638 29 0,002 90
509 0,010 60 0,733 41 0,255 98 559 0,365 96 0,631 38 0,002 66
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Table F.1 (3 of 5)

A (nm) *) Vi Z A (nm) ) Vi Z;
560 0,373 10 0,624 45 0,002 45 610 0,665 76 0,334 01 0,000 23
561 0,380 24 0,617 50 0,002 25 611 0,668 87 0,330 92 0,000 21
562 0,387 38 0,610 54 0,002 08 612 0,671 86 0,327 95 0,000 19
563 0,394 51 0,603 57 0,001 92 613 0,674 72 0,325 10 0,000 18
564 0,401 63 0,596 59 0,001 78 614 0,677 46 0,322 36 0,000 18
565 0,408 74 0,589 61 0,001 66 615 0,680 08 0,319 75 0,000 17
566 0445684 0758262 0760455 646 0;662-56 0734725 0760047
867 0,422 92 0,575 63 0,001 45 617 0,684 97 0,314 86 0,000:17
568 0,429 99 0,568 65 0,001 36 618 0,687 25 0,312 59 0,000 16
569 0,437 04 0,561 68 0,001 29 619 0,689 43 0,310 41 0,000 16
870 0,444 06 0,554 71 0,001 22 620 0,691 50 0,308 34 0,000 15
871 0,451 06 0,547 77 0,001 17 621 0,693 49 0,306°37 0,000 14
872 0,458 04 0,540 84 0,001 12 622 0,695 39 0,304 48 0,000 13
873 0,464 99 0,533 93 0,001 08 623 0,697 21 0,302 68 0,000 12
874 0,471 90 0,527 05 0,001 05 624 0,698 94 0,300 95 0,000 11
875 0,478 77 0,520 20 0,001 02 625 0,700,641 0,299 30 0,000 49
876 0,485 61 0,513 39 0,001 00 626 0,702 19 0,297 72 0,000 08
877 0,492 41 0,506 61 0,000 98 627 0,703 71 0,296 22 0,000 47
478 0,499 15 0,499 89 0,000 96 628 0,705 16 0,294 77 0,000 47
879 0,505 85 0,493 21 0,000 94 629 0,706 56 0,293 38 0,000 d6
380 0,512 49 0,486 59 0,000 92 630 0,707 92 0,292 03 0,000 d6
481 0,519 07 0,480 03 0,000 90 631 0,709 23 0,290 72 0,000 45
482 0,525 60 0,473 53 0,000 87 632 0,710 50 0,289 45 0,000 45
483 0,532 07 0,467 09 0,000 84 633 0,711 72 0,288 23 0,000 g4
584 0,538 46 0,460 73 0,000 81 634 0,712 90 0,287 06 0,000 g4
485 0,544 79 0,454 43 0,000,78 635 0,714 03 0,285 93 0,000 g4
586 0,551 03 0,448 22 0,000 74 636 0,715 12 0,284 85 0,000 g4
587 0,557 19 0,442 10 0,000 71 637 0,716 16 0,283 80 0,000 g4
588 0,563 27 0,436 06 0,000 67 638 0,717 16 0,282 81 0,000 g4
489 0,569 26 0,430\10 0,000 64 639 0,718 12 0,281 85 0,000 (3
490 0,575 15 0,424'23 0,000 62 640 0,719 03 0,280 93 0,000 d3
491 0,580 95 0,418 45 0,000 60 641 0,719 91 0,280 06 0,000 d3
492 0,586 65 0,412 76 0,000 59 642 0,720 75 0,279 22 0,000 d3
393 0,592.22 0,407 19 0,000 59 643 0,721 55 0,278 42 0,000 03
394 0,597.66 0,401 76 0,000 58 644 0,722 31 0,277 66 0,000 42
395 0,602 93 0,396 50 0,000 57 645 0,723 03 0,276 95 0,000 42
596 0,608 03 0,391 41 0,000 56 646 0,723 70 0,276 28 0,000 42
397 0,612 98 0,386 49 0,000 54 647 0,724 33 0,275 66 0,000 (1
598 0,617 78 0,381 71 0,000 52 648 0,724 91 0,275 08 0,000 1
599 0,622 46 0,377 05 0,000 49 649 0,725 47 0,274 53 0,000 00
600 0,627 04 0,372 49 0,000 47 650 0,725 99 0,274 01 0,000 00
601 0,631 52 0,368 03 0,000 45 651 0,726 50 0,273 50 0,000 00
602 0,635 90 0,363 67 0,000 43 652 0,726 97 0,273 03 0,000 00
603 0,640 16 0,359 43 0,000 42 653 0,727 43 0,272 57 0,000 00
604 0,644 27 0,355 33 0,000 40 654 0,727 86 0,272 14 0,000 00
605 0,648 23 0,351 39 0,000 37 655 0,728 27 0,271 73 0,000 00
606 0,652 03 0,347 63 0,000 34 656 0,728 66 0,271 34 0,000 00
607 0,655 67 0,344 02 0,000 31 657 0,729 02 0,270 98 0,000 00
608 0,659 17 0,340 55 0,000 28 658 0,729 36 0,270 64 0,000 00
609 0,662 53 0,337 22 0,000 25 659 0,729 68 0,270 32 0,000 00
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A (nm) *) Vi Z A (nm) ) Vi Z;
660 0,729 97 0,270 03 0,000 00 710 0,734 68 0,265 32 0,000 00
661 0,730 24 0,269 76 0,000 00 711 0,734 66 0,265 34 0,000 00
662 0,730 47 0,269 53 0,000 00 712 0,734 66 0,265 34 0,000 00
663 0,730 69 0,269 31 0,000 00 713 0,734 66 0,265 34 0,000 00
664 0,730 90 0,269 10 0,000 00 714 0,734 73 0,265 27 0,000 00
665 0,731 09 0,268 91 0,000 00 715 0,734 67 0,265 33 0,000 00
G66 0773128 07268-72 67660666 746 0773476 0726524 0766690
467 0,731 47 0,268 53 0,000 00 717 0,734 74 0,265 26 0,000:d0
468 0,731 65 0,268 35 0,000 00 718 0,734 68 0,265 32 0,000 o0
469 0,731 83 0,268 17 0,000 00 719 0,734 64 0,265 36 0,000 o
470 0,731 99 0,268 01 0,000 00 720 0,734 67 0,265 33 0,000 o
q71 0,732 15 0,267 85 0,000 00 721 0,734 58 0,265°42 0,000 o
g72 0,732 30 0,267 70 0,000 00 722 0,734 71 0,265 29 0,000 o
473 0,732 45 0,267 55 0,000 00 723 0,734 71 0,265 29 0,000 o0
474 0,732 58 0,267 42 0,000 00 724 0,734 78 0,265 22 0,000 o0
475 0,732 72 0,267 28 0,000 00 725 0,734 .67 0,265 33 0,000 do
476 0,732 86 0,267 14 0,000 00 726 0,734 72 0,265 28 0,000 do
q77 0,733 00 0,267 00 0,000 00 727 0,734 74 0,265 26 0,000 do
478 0,733 14 0,266 86 0,000 00 728 0,734 84 0,265 16 0,000 do
479 0,733 28 0,266 72 0,000 00 729 0,734 79 0,265 21 0,000 do
480 0,733 42 0,266 58 0,000 00 730 0,734 69 0,265 31 0,000 do
481 0,733 55 0,266 45 0,000 00 %31 0,734 65 0,265 35 0,000 do
482 0,733 68 0,266 32 0,000 00 732 0,734 67 0,265 33 0,000 do
483 0,733 81 0,266 19 0,000 00 733 0,734 77 0,265 23 0,000 do
484 0,733 93 0,266 07 0,000 0@ 734 0,734 47 0,265 53 0,000 o0
485 0,734 05 0,265 95 0,000,00 735 0,734 75 0,265 25 0,000 o0
486 0,734 15 0,265 85 0,000 00 736 0,734 97 0,265 03 0,000 o
487 0,734 23 0,265 77 0,000 00 737 0,734 87 0,265 13 0,000 o
488 0,734 29 0,265 71 0,000 00 738 0,734 86 0,265 14 0,000 o
489 0,734 35 0,26565 0,000 00 739 0,734 92 0,265 08 0,000 o0
490 0,734 39 0,26561 0,000 00 740 0,734 82 0,265 18 0,000 do
491 0,734 43 0,265 57 0,000 00 741 0,735 09 0,264 91 0,000 do
492 0,734 50 0,265 50 0,000 00 742 0,734 57 0,265 43 0,000 do
493 0,734,53 0,265 47 0,000 00 743 0,735 02 0,264 98 0,000 do
qo4 0,734-57 0,265 43 0,000 00 744 0,734 58 0,265 42 0,000 do
495 0:734 59 0,265 41 0,000 00 745 0,734 57 0,265 43 0,000 do
496 0,734 63 0,265 37 0,000 00 746 0,734 22 0,265 78 0,000 do
497 0,734 64 0,265 36 0,000 00 747 0,734 40 0,265 60 0,000 do
498 0,734 70 0,265 30 0,000 00 748 0,735 12 0,264 88 0,000 do
699 0,734 69 0,265 31 0,000 00 749 0,734 57 0,265 43 0,000 00
700 0,734 69 0,265 31 0,000 00 750 0,734 51 0,265 49 0,000 00
701 0,734 71 0,265 29 0,000 00 751 0,734 60 0,265 40 0,000 00
702 0,734 70 0,265 30 0,000 00 752 0,735 37 0,264 63 0,000 00
703 0,734 69 0,265 31 0,000 00 753 0,735 69 0,264 31 0,000 00
704 0,734 70 0,265 30 0,000 00 754 0,734 69 0,265 31 0,000 00
705 0,734 69 0,265 31 0,000 00 755 0,734 38 0,265 63 0,000 00
706 0,734 69 0,265 31 0,000 00 756 0,734 90 0,265 10 0,000 00
707 0,734 69 0,265 31 0,000 00 757 0,734 77 0,265 23 0,000 00
708 0,734 70 0,265 30 0,000 00 758 0,734 62 0,265 38 0,000 00
709 0,734 70 0,265 30 0,000 00 759 0,735 54 0,264 46 0,000 00
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A (nm) ) Vi 2
760 0,734 51 0,265 49 0,000 00
761 0,734 60 0,265 40 0,000 00
762 0,736 04 0,263 96 0,000 00
763 0,733 70 0,266 30 0,000 00
764 0,736 84 0,263 16 0,000 00
765 0,735 85 0,264 15 0,000 00
66 0-1+33-33 0-266-6F 0-060-06
767 0,733 81 0,266 19 0,000 00
768 0,736 43 0,263 57 0,000 00
769 0,735 54 0,264 46 0,000 00
770 0,734 51 0,265 49 0,000 00
771 0,735 85 0,264 15 0,000 00
772 0,734 69 0,265 31 0,000 00
773 0,739 13 0,260 87 0,000 00
774 0,732 56 0,267 44 0,000 00
775 0,737 50 0,262 50 0,000.00
776 0,733 33 0,266 67 0,000 00
777 0,728 57 0,271 43 0,000 00
778 0,738 46 0,261 54 0,000 00
779 0,737 70 0,262 30 0,000 00
780 0,736 84 0,26316 0,000 00



https://iecnorm.com/api/?name=b4a05822275118403cf09d99b23c2df0

IEC

G.1

The

60747-5-6:2021 RLV © IEC 2021 - 103 -

Annex G
(normative)

Huminometer llluminance meter calibration

Purpose

purpose here is to calibrate the-tHuminemeter illuminance meter.

G.2

Set

How to perform the calibration

a standard light source, the luminous intensity of which has been checked by the regulat

of the measurement law and the-iluminemeter illuminance meter, which has a_relative spe

effig
outy

iency similar to its standard luminous efficiency and whose-illuminemeter illtUminance m
ut proportionality for the incoming luminous flux is excellent, so that the'surface of eag

perpendicular to a straight line passing through the centre of the emitting face of the stand

ligh
Figu
stan
(eng
face

source and the acceptance surface of the-iluminometer illuminance meter, as show
re G.1. Then measure the distance (photometric distance) between the light centre of
dard light source and the acceptance surface of the—iHuigipometer illuminance m

ons
tral
pter
his
ard
nin
the
eter

ure that the photometric distance is at least ten times the maximum size of the emifting

or the acceptance surface, whichever is greater).

Ss

A
\

IEC

tandard light source

illuminance metet

Figure G.1 — Schematic diagram for calibration

Whe¢

dist

n taking I,s as the luminous intensity of the standard light source and Sg as the photomg
be calculated using the following formula:

At this time, the-Huminometer illuminance meter can be calibrated using the formula E, g = ai,g

(a is the coefficient value), taking I, as the-uminemeter illuminance meter reading.
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ny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |2

FC itself does not provide any attestation of confarmity. Independent certification bodies provide confo

jzsessment services and, in some areas, access\te |[EC marks of conformity. IEC is not responsible foi

rvices carried out by independent certification bodies.

Il users should ensure that they have the latest edition of this publication.
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embers of its technical committeesyand IEC National Committees for any personal injury, property dama
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
ublications.
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dispensable for the correet application of this publication.

ttention is drawn to.the/possibility that some of the elements of this IEC Publication may be the subject of p
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This edition includes the following significant technical changes with respect to the previous
edition:

a) ultraviolet-emitting diodes (UV LED) and their related technical contents were added;

b)
c)
d)
e)

power efficiency (ypg) as part of electrical and optical characteristics were added;

new measuring methods related to thermal resistance were added;

hydrogen sulphide corrosion test was added to quality evaluation;

some standards were added to the bibliography.
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text of this International Standard is based on the following documents:

FDIS Report on voting
47E/745/FDIS 47E/752/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
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above table.
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SEMICONDUCTOR DEVICES -

Part 5-6: Optoelectronic devices — Light emitting diodes

g diodes (L

suring methods and the quality evaluations of light emittin
strial applications such as signals, controllers, sensors, etc.

Y cl

EDs) for ger;
s for lighting applications are out of the scope of this part of IEC 60747.

s are classified as follows:

LED package;

LED flat illuminator;

LED numeric display and alpha-numeric display;
LED dot-matrix display;

infrared-emitting diode (IR LED);
ultraviolet-emitting diode (UV LED).

021

ssthe

ral

s with a heat spreader or having a terminal geometry that performs the function of a heat

ader are within the scope of this part of IEC'60747.

integration of LEDs and controlgears, integrated LED modules, semi-integrated
ules, integrated LED lamps or semi*integrated LED lamps, are out of the scope of this
FC 60747.

Normative references

following documents.are referred to in the text in such a way that some or all of their con
stitutes requiremeénts of this document. For dated references, only the edition cited app
undated refetences, the latest edition of the referenced document (including
ndments) applies.

60051 \(all parts), Direct acting indicating analogue electrical measuring instruments
I accessories

LED
part

tent
ies.
any

and

IEC

00068-2-17, Basic environmental testing procedures — Part 2-1/: Tests — Test Q: Sea

ing

IEC 60068-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic

(12

h+ 12 h cycle)

IEC 60747-5-13, Semiconductor devices — Part 5-13: Optoelectronic devices — Hydrogen
sulphide corrosion test for LED packages

IEC 60749-6, Semiconductor devices — Mechanical and climatic test methods — Part 6: Storage
at high temperature

IEC 60749-10, Semiconductor devices — Mechanical and climatic test methods — Part 10:
Mechanical shock
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IEC 60749-12, Semiconductor devices — Mechanical and climatic test methods — Part 12:
Vibration, variable frequency

IEC 60749-14, Semiconductor devices — Mechanical and climatic test methods — Part 14:
Robustness of terminations (lead integrity)

IEC 60749-15, Semiconductor devices — Mechanical and climatic test methods — Part 15:
Resistance to soldering temperature for through-hole mounted devices

IEC 60749-20, Semiconductor devices — Mechanical and climatic test methods — Part 20:
Redistance of plastic encapsulated SMDs to the combined effect of moisture and soldering heat

IEC|60749-21, Semiconductor devices — Mechanical and climatic test methods —<{Part|21:
Solgerability

IEC|60749-24, Semiconductor devices — Mechanical and climatic test methods — Part|24:
Accklerated moisture resistance — Unbiased HAST

IEC|60749-25, Semiconductor devices — Mechanical and climatic’\téest methods — Part|25:
Temperature cycling

IEC|60749-36, Semiconductor devices — Mechanical and-climatic test methods — Part|36:

Accgleration, steady state

ISO[ 2859-1, Sampling procedures for inspection by attributes — Part 1. Sampling schemes
indgxed by acceptance quality limit (AQL) for lot-by=lot inspection

3 |Terms, definitions and abbreviations
For|the purposes of this document, thedollowing terms and definitions apply.

ISOjand IEC maintain terminological databases for use in standardization at the following
addresses:

o |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
3.1| General terms and definitions

3.1
integrating.sphere
hollpw,sphere, the interior of which is formed from, or coated with, a diffusely-reflecting matgrial
that|is@s spectrally neutral and as spatially uniform as possible

Note 1 to entry: Owing to the internal reflections within the sphere, the illuminance on any part of the inside surface
of the sphere for which the direct flux is hidden is theoretically proportional to the luminous flux entering the sphere
or produced inside the sphere. The illuminance of the internal sphere wall can be measured via a small window.

Note 2 to entry: The window of an integrating sphere is often used in radiometric measurement systems to provide
a source with good spatial uniformity and with an angular distribution of radiance or luminance that is close to
Lambert's cosine law.

[SOURCE: IEC 60050-845:2020, 845-25-028]

3.1.2
diffuse reflector
reflector composed of a surface with diffuse reflection
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3
use reflection

scattering by reflection in which, on the macroscopic scale, there is no regular reflection

[SOURCE: IEC 60050-845:2020, 845-24-054]

3.1.
diff

4
use transmission

scattering by transmission in which, on the macroscopic scale, there is no regular transmission

[SOURCE: TEC 60050-845:2020, 845-24-055]

3.1
diff
Pd

quo

5

Lse reflectance

fient of the diffusely reflected part of the (whole) reflected flux and the, inCident flux

Note| 1 to entry: Reflectance, p, is the sum of regular reflectance, p, and diffuse reflectance, py: p = p, + py

Notel 2 to entry: The diffuse reflectance has unit one.

[SOURCE: IEC 60050-845:2020, 845-24-068]

31
diff
d

quo

Note] 1 to entry: Transmittance, 7, is the sum of regular transmittance, T, and diffuse transmittance, Ty T =T

6

lise transmittance

fient of the diffusely transmitted part of the{whole) transmitted flux and the incident flu

Note| 2 to entry: The diffuse transmittance has‘unit one.

[SOURCE: IEC 60050-845:2020, '845-24-069]

3.1.
lam

7
bertian surface

idegl surface for which.the radiation coming from that surface is distributed angularly accor
to Lambert's cosine law

Note] 1 to entry: For\a lambertian surface, M = 1L, where M is the radiant exitance or luminous exitance, and [

radignce or lumifiance.

[SOURCE1EC 60050-845:2020, 845-24-063]

3.1.

8

jing

the

spectral reflectance
R(4)
ratio of reflected radiant flux to incident radiant flux for a wavelength 1

Note 1 to entry: Spectral reflectance is also known as the "spectral reflection factor".

3.1.

9

spectral transmittance
T(4)
ratio of transmitted radiant flux to incident radiant flux for a wavelength 1

Note 1 to entry: Spectral transmittance is also known as the "spectral transmittance factor".
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10
ctral distribution

proportion of the quantum of radiation per unit wavelength included in the micro wavelength
interval centre on wavelength A, which is expressed as a function of wavelength 4

Note

3.1.
spe
S(4)

1 to entry: Spectral distribution is also known as the "spectrum distribution".

11
ctral sensitivity

light sensitivity as a function of wavelength

Note
Ais

3.1.

1to entry: The response output of the optical receiver for the radiant flux (or luminous flux) input of waveld
bxpressed as a function of wavelength A.

12

disfribution temperature

Tp
tem

nea
the

)
fl
X
wheg
con

erature of the Planckian radiator whose relative spectral distribution-S(1) is the sam
ly the same as that of the radiation considered in the spectral rahge of interest for w
following integral is minimized by adjustment of « and T:

A

Sy (AT

re A is the wavelength, Si(1) is the relative spectral distribution of the radiation bs
sidered, Sy(4, T) is the relative spectral distribution of the Planckian radiator at tempera

T, and a is a scaling factor

Note]

wave

Sb

—~

Note
distr
radig

Note]
and

8¢ (2)

Sp (A7)

1 to entry: The scaling factor a is chosen to make the quotient equal to unity at a conve

length which, in photometry and colorimetry is typically 560 nm.
-1

S

P(AT _
T) = (A7) with P(AT) =/ 5| et —1| where ¢, is the second radiation constant.

~ p(560nm,T)

2 to entry: Distribution temperature is a meaningful characteristic for radiators having a relative sp§g
bution similar te that of a Planckian radiator, but only if calculated for an expanded wavelength range an
tion whose spectral distribution of radiant flux is a continuous function of wavelength in that range.

3 to entry: ) In photometry and colorimetry the wavelength range set by 4, and 4, is the visible spectral rg
n thesecases the range from at least 4, = 400 nm to 2, = 750 nm is recommended.

Note]

ngth

E or
hich

bing

ture

hient

ctral
d for

nge,

40 entry: In practice, the integral is replaced by a summation. For incandescent lamps, equally sp

hced

wavelength intervals of 10 nm will usually suffice. All values in the summation are treated with equal weight.

Note

Note
Distr

[SO

3.1.

5 to entry: The distribution temperature is expressed in kelvin (K).

6 to entry: For further information, see CIE 114-1994, CIE Collection in Photometry and Radiometry — 1
ibution Temperature and Ratio Temperature.

URCE: IEC 60050-845:2020, 845-24-017]

13

infrared-emitting diode
IR LED
light emitting diode that emits infrared radiation

14/4
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3.1.14
infrared radiation
optical radiation for which the wavelengths are longer than those for visible radiation

Note 1 to entry: For infrared radiation, the range between 780 nm and 1 mm is commonly subdivided into:
IR-A: 780 nm to 1400 nm, or 0,78 ym to 1,4 ym;
IR-B: 1,4 ym to 3 um;

IR-C: 3 ym to 1 mm.

Note|2 to entry: A precise border between "visible radiation™ and "infrared radiation” cannot be defined becpuse
visuadl sensation at wavelengths greater than 780 nm can be experienced.

Notel 3 to entry: In some applications the infrared spectrum has also been divided into "near," "middlée," and|"far"
infrafed; however, the borders necessarily vary with the application.

[SO[URCE: IEC 60050-845:2020, 845-21-004, modified — The second preferred term| (IR
radigtion) and the admitted term (IRR) have been removed.]

3.1/15

ultrpviolet-emitting diode

Uv LED

light emitting diode that emits ultraviolet radiation

3.1/16

ultrpviolet radiation

optikcal radiation for which the wavelengths are shorter/than those for visible radiation
Notel 1 to entry: The range between 100 nm and 400 nnisJcommonly subdivided into:

UV-A: 315 nm to 400 nm;

UV-B: 280 nm to 315 nm;

UV-¢: 100 nm to 280 nm.

Notel 2 to entry: A precise border between ultraviolet radiation and visible radiation cannot be defined, becpuse
visugl sensation at wavelengths sharter than 400 nm is noted for very bright sources.

Notel 3 to entry: In some applications the ultraviolet spectrum has also been divided into "far," "vacuum," and "npear"
ultrajiolet; however, the borders necessarily vary with the application (e.g. in meteorology, optical depign,
photpchemistry, and thermal*physics).

[SOURCE: IEC 60050-845:2020, 845-21-008, modified — The second preferred term (UV
radigtion) and‘the admitted term (UVR) have been removed.]

3.2| Terms and definitions relating to the measurement of the quantity of radiation

3.21
radiant energy

Qe

energy emitted, transferred or received in the form of electromagnetic waves

Note 1 to entry: Radiant energy can be expressed by the time integral of radiant flux, @, over a given duration, At:
0, =] @, dr

Note 2 to entry: Radiant energy is expressed as a function of wavelength, A, as a function of frequency, v, or as a
function of wavenumber, o.

Note 3 to entry: The corresponding photometric quantity is "luminous energy". The corresponding quantity for
photons is "photon energy".
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Note 4 to entry: The radiant energy is expressed in joule (J = W"s).

[SOURCE: IEC 60050-845:2020, 845-21-041]

3.2.2
radiant flux
(0]

e

change in radiant energy with time

dQe
dz

Dy =

whegre Q. is the radiant energy emitted, transferred or received, and ¢ is time

Notel 1 to entry: The corresponding photometric quantity is "luminous flux". The corresponding,quantity for phqtons
is "ppoton flux".

Note| 2 to entry: The term "radiant flux" is the preferred term for most radiometric appliCations, with the nofable
exception of laser radiometry where the term "radiant power" is more commonly used,

Note| 3 to entry: The radiant flux is expressed in watt (W).

[SOURCE: IEC 60050-845:2020, 845-21-038, modified — The §ymbols P,, ¢ and P have been
removed and the second preferred term "radiant power" has\been removed.]

3.28
rad{ant intensity
denpity of radiant flux with respect to solid angle’in a specified direction

dd,
dQ

whegre @, is the radiant flux emitted in a specified direction, and @ is the solid angle
containing that direction

>

Source

dQ I do,
e
>
IEC
Figure T— Radiantimtensity

Note 1 to entry: The definition holds strictly only for a point source.

Note 2 to entry: The distribution of the radiant intensities as a function of the direction of emission, e.g. given by
the polar angles (4, ¢), is used to determine the radiant flux, @, within a certain solid angle, @, of a source:

@, = [ [ 1,(9.0)sin9dpds.
Q

Note 3 to entry: The corresponding photometric quantity is "luminous intensity". The corresponding quantity for
photons is "photon intensity".

Note 4 to entry: The radiant intensity is expressed in watt per steradian (W-sr™").
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[SOURCE: IEC 60050-845:2020, 845-21-044, modified — The symbol I has been removed and
Figure 1 has been added.]

3.24

radiance

Le

density of radiant intensity with respect to projected area in a specified direction at a specified
point on a real or imaginary surface

Cdl, 1
aAd COsSU ,

Le

whgre I is radiant intensity, 4 is area, and ¢ is the angle between the normal to the surface at
the specified point and the specified direction

IEC
Figure 2 — Radiance

Note] 1 to entry: The radiance is expressed in watt per square ‘metre per steradian (W-m=2-sr™1).

ang|e symbol a has been replaced by 6, thé notes have been removed, a new note has been

[SOERCE: IEC 60050-845:2020, 845-21-049,,modified — The symbol L has been removed,|the
add

d and Figure 2 has been added.]

3.25
rad{ant exitance
M

e
denpity of exiting radiant flax,with respect to area at a point on a real or imaginary surface

da,
M =
dd

whgre @, is radiant flux and 4 is the area from which the radiant flux leaves

Note] 1 to._entry: For Planckian radiation, Me=aT4 where o is the Stefan-Boltzmann constant and |T is
thermodynhamic temperature.

Note 2 to entry: The corresponding photometric quantity is "luminous exitance". The corresponding photon quantity
is "photon exitance".

Note 3 to entry: The radiant exitance is expressed in watt per square metre (W-m™2).

()

e

d4
IEC

Figure 3 — Radiant exitance
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[SOURCE: IEC 60050-845:2020, 845-21-080, modified — The symbol M has been removed and
Figure 3 has been added.]

3.2.6
power efficiency

npe
ratio of the radiant flux (coupled to free space), @, to the electrical power consumed by the

LED, VeI, where Vg is the forward voltage and I is the forward current of the LED

D

<

A

PE

Notel 1 to entry: Power efficiency is also known as the "wall-plug efficiency". Power efficiency is.identical t¢ the
"radipnt efficiency" when the power dissipated by any auxiliary equipment is excluded from the electrical power}.

[SQURCE: IEC 60747-5-8:2019, 3.2.1, modified — The term "radiant power"(has been repldced
with "radiant flux".]

3.2
irradiance
Ee
denpity of incident radiant flux with respect to area at a poinf\0n a real or imaginary surfacg¢

| do,
e[ d4

E

whegre @, is radiant flux and 4 is the area on which the radiant flux is incident

d4
IEC

Figure 4 — Irradiance

Notel 1 to entry: The ‘cofresponding photometric quantity is "illuminance". The corresponding quantity for phqtons
is "photon irradiance

Note| 2 to entry™ ™\ The irradiance is expressed in watt per square metre (W-m~2).

[SOURCE:"IEC 60050-845:2020, 845-21-053, modified — The symbol E has been removed [and
Figured has been added.]

3.3 Terms and definitions relating to the measurement of the photometric quantity

3.3.1

photometric standard lamp

lamp used for photometry that provides excellent stability and reproducibility and can indicate
the photometric quantity

Note 1 to entry: There are two types of these lamps: luminous intensity standard lamps to which the luminous
intensity value is added and luminous flux standard lamps to which the total flux value is added.
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3.3.2
spectral luminous efficiency
V(A)
relative spectral efficiency, which is defined as the standard value of spectral luminous
efficiency for human eyes and whose maximum value is set to 1

Vv (2)

021

-
'
'
'
L
I
'
'
'
'

) I
N
T )

T B e

-
-

300 400 500 600 700 800 900 4 (nm)

IEC

Figure 5 — Spectral luminousfficiency

Notel 1 to entry: The spectral luminous efficiency for phafopic vision was agreed at the CIE (Internat
Compmission on lllumination) in 1924 and adopted by thesCIPM (Comité International des Poids et Mesun
Interpational Committee for Weights and Measures in English) in 1933. The values for spectral luminous effici
wer¢g originally given for the wavelength range 380 nm te"780 nm at 10 nm intervals. In 1972, new values
adogted by the CIPM for the wavelength range 360 nm'to 830 nm at 1 nm intervals.

Notel 2 to entry: Figure 5 and Table A.1 in Annex A show the graph and the numerical scheme for the sp¢g
luminous efficiency, respectively.

3.3

maximum spectral luminous efficiency

K

m

maxXimum value that is expressed as the spectral concentration of the luminous flu
wavelength A divided by:the spectral concentration of the corresponding radiant flux

Notel 1 to entry: 683 Im/W (L = 555 nm) is the value adopted by the CIPM.

3.3.

lu
(o))

\"

inous flux

chapge’in luminous energy with time

D, =

onal
es —
ency
Were

ctral

do,
dr

where Q, is the luminous energy emitted, transferred or received, and ¢ is time

Note 1 to entry:

Luminous flux is a quantity derived from the radiant flux, @ , by evaluating the radiation according

to its action upon the CIE standard photometric observer. Luminous flux can be derived from the spectral radiant flux
distribution by

2

— Ky [ @ 2(2)V (1)
0
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where K is maximum luminous efficacy, @.,A(1) is spectral radiant flux, V(1) is spectral luminous efficiency and / is
wavelength.

Note 2 to entry: The distribution of the luminous intensities as a function of the direction of emission, e.g. given by
the polar angles (4, ¢), is used to determine the luminous flux, @, within a certain solid angle, Q, of a source:

@, = [[1,(9.0)sin9dyds.
Q

Note 3 to entry: The corresponding radiometric quantity is "radiant flux". The corresponding quantity for photons is
"photon flux".

Notef4 to entry:  The luminous flux is expressed in Tumen (Im).

[SOJURCE: IEC 60050-845:2020, 845-21-039, modified — The symbol & has been rentoved

[h—

3.3.5
luminous energy
Oy
enefgy of electromagnetic waves weighted by the spectral luminous efficiency multiplied by
maxXimum luminous efficacy of a specified photometric condition

Note| 1 to entry: Luminous energy for photopic vision is expressed by
o0
D, 1 K [ D, 2(2)V (1)dh
0
whete Q,,4(1) is the spectral radiant energy at wavelength 4, V(%) is/spectral luminous efficiency, and K, is maximum
lumipous efficacy.
Notel 2 to entry: The term "quantity of light" is no longer used.
Notel 3 to entry: Luminous energy can be emitted, transferred or received.

Note|4 to entry: Luminous energy can be expréssed by the time integral of the luminous flux, @ , over a given
durafion, Ar:

Qv - IA[ @th

Notel 5 to entry: The corresponding radiometric quantity is "radiant energy". The corresponding quantity for phqtons
is "ppoton energy".

Notel 6 to entry: The laminous energy is expressed in lumen second (Im-s) or lumen hour (Im-h).

[SOURCE: IEC60050-845:2020, 845-21-037, modified — The symbol Q has been removed|]

3.3.6
lumlinous’intensity
1V

density of luminous flux with respect to solid angle in a specified direction

do
[ — \Y
V'oodo

where @, is the luminous flux emitted in a specified direction, and Q is the solid angle containing
that direction
Note 1 to entry: For practical realization of the quantity, the source is approximated by a point source.

Note 2 to entry: The distribution of the luminous intensities as a function of the direction of emission, e.g. given by
the polar angles (4, ¢), is used to determine the luminous flux, @, within a certain solid angle, @2, of a source:
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@, = [[1,(9.0)sin9dpds.
Q

Note 3 to entry: Luminous intensity can be derived from the spectral radiant intensity distribution by

Iy = Ky [ e, 2(2)V (1) 02

m

o—3

where K is maximum luminous efficacy, 7_,A(1) is the spectral radiant intensity at wavelength 2, and ¥(1) is spectral
luminous efficiency.

Notel4 to entry: The corresponding radiometric quantity is "radiant intensity". The corresponding quantity for
photpns is "photon intensity".

Notel 5 to entry: The luminous intensity is expressed in candela (cd = Im-sr™").

[SOURCE: IEC 60050-845:2020, 845-21-045, modified — The symbol / has beeh removed.]

3.37
lumlinance
LV
denpity of luminous intensity with respect to projected area in a specified direction at a specified
point on a real or imaginary surface

R
d4 cos6’

L, 3

whdgre I, is luminous intensity, 4 is area and 0 is.the angle between the normal to the surface
at the specified point and the specified direction

Note| 1 to entry:  The spatial definition of luminance«is. shown in Figure 2; however, symbol 7, should be changed to
I,
\

Notel 2 to entry: The luminance is expressed in candela per square metre (cd-m™2 = Im-m~2-sr™").

[SOURCE: IEC 60050-845:2020;-845-21-050, modified — The symbol L has been removed,|the
ang|e symbol a has been replaced by @, the notes have been removed except Note 8, that|has
becpme Note 2 and a new Note 1 has been added.]

3.38
luminous exitance

M,

denpity of exiting luminous flux with respect to area at a point on a real or imaginary surfade

_de,
d4

M,

where @, is luminous flux and 4 is the area from which the luminous flux leaves

Note 1 to entry: Luminous exitance can be derived from the spectral radiant exitance distribution by
0
My = Ky [ Mg, 2(2)V (2)di
0
where K is maximum luminous efficacy, M,,.(4) is the spectral radiant exitance at wavelength 2 and V(1) is spectral
luminous efficiency.

Integral limits can be confined depending on the spectral responsivity of the detectors used as a sensor.

Note 2 to entry: The corresponding radiometric quantity is "radiant exitance". The corresponding quantity for
photons is "photon exitance".
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Note 3 to entry: The luminous exitance is expressed in lumen per square metre (Im-m~2).

[SOURCE: IEC 60050-845:2020, 845-21-081, modified — The symbol M has been removed.]

3.3.9

illuminance

EV

density of incident luminous flux with respect to area at a point on a real or imaginary surface

o _do,

v A4
O

whgre @, is luminous flux and 4 is the area on which the luminous flux is incident

Note] 1 to entry: llluminance can be derived from the spectral irradiance distribution by
Ey 4 Km | Ee.2(2)V (2)d
0

whete K is maximum luminous efficacy, E.,A(4) is the spectral irradiance at wavelength 1 and V(1) is spgctral
lumipous efficiency.

Notel 2 to entry: The corresponding radiometric quantity is "irradiance".«Fhe corresponding quantity for photops is
"phofon irradiance".

Notel 3 to entry: The illuminance is expressed in lux (Ix = Im-m7):

Notel4 to entry:  The spatial definition of illuminance is shown in Figure 4; however, symbol @_ should be chapged
to @].

[SOURCE: IEC 60050-845:2020, 845-21-060, modified — The symbol E has been removed [and
Note 4 has been added.]

3.4| Terms and definitions relating to the measurement of the thermal quantity

3.4/
thermal resistance
quotient of the difference between the virtual temperature of the device and the temperature of
a sthted external reference point, by the steady-state power dissipation in the device

[SOURCE: IEC_60050-521:2002, 521-05-13]

3.4.2

elegtrical thermal resistance

Rin (-3¢l

qUO. F ererree—A € € "Giv’;"’ EMmPeratutreDetWeenr ”-" F—tEeMPE ture
TJ- and the reference point temperature Ty, by the electrical power dissipation P

T~ 1x
Rin(jx)el =~

Note 1 to entry: The electrical thermal resistance is expressed in kelvin per watt (K-W™1).

3.4.3
real thermal resistance

Rin(j-X)real
quotient of the difference in the thermodynamic temperature between the junction temperature
TJ- and the reference point temperature Ty, by the heating power dissipation (the heating power

dissipation is the electrical power dissipation minus the radiant flux)
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Note 1 to entry: The real thermal resistance is expressed in kelvin per watt (K-W™1).

3.5 Abbreviations
PCB  printed circuit board

AC alternating current
DC direct current

4 |Absolute maximum ratings

Absjolute maximum ratings are shown in Table 1. They are specified at the ambieni'tempera
or the reference point temperature Ty = (25 + 3) °C, unless otherwise stated.

Thefse ratings are applicable to the six types as follows:

a) LED package;
b) LED flat illuminator;

c) LED numeric display and alpha-numeric display;

d) LED dot-matrix display;

ture

e) [IR LED;
f) UV LED.
Table 1 — Absolute maximum ratings
To be applicable
Item Symbol |[Conditions| Ratings Unit for LEDs of type
a) | b) | c)|d)]|e |[f)
Alloyed forward current 2 Ig - mA o o o o o o
Totql allowed forward current ° 1e - mA o o o o o o
Foryard current lapse rate,? Al - mA/°C o o o o o o
Pw =
Allo edafc;rward pulse Iepn A o o o . o o
currgnt & Duty =
Totql allowed ferward pulse I Pw =
b, e EPM A o o o o o o
current Duty =
Alloyed forward pulse current Pw =
Al
lapsp taté ® © FPM Duty = A cl el 2ll°
Reverse voltage 43 \Y o o o o o
Electrostatic discharge ®- ESD HBM o o o o
Tj =
Allowed power dissipation ? Pp or mwW o o o o o o
Tx =
Operating temperature °© Tyor Ty - ~ °C o o o o o o
Storage temperature ¢ Tg - ~ °C o o o o o o
Soldering temperature Teo - °C o o o o |o
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a

b

These values are specified for each segment.

These items are specified when necessary.

The operating temperature is specified based on junction temperature TJ or reference point temperature 7 at X.

Reference point X shall be selected according to the purpose.

Reference point temperatures are described as T for case, Tg for soldering point and 7, for atmosphere.

The storage temperature is specified for ambient temperature.

Pw = pulse width.

BMESD = himan bhody madal [ aglaoctractatio dicoharag toct (IEC ON740 2480\
J J \ I

5 |Electrical and optical characteristics
Elegtrical and optical characteristics are shown in Table 2. They are specified at the ambfient
temperature or the reference point temperature Ty = (25 + 3) °C, unless otherwise stated.
Thefse electrical and optical characteristics are applicable to the six\types as follows:
a) LED package;
b) LED flat illuminator;
c) LED numeric display and alpha-numeric display;
d) LED dot-matrix display;
e) [R LED;
f) UV LED.
Table 2 — Electricaltand optical characteristics
. Characteristics To be applicable forf?
Item Symbol Meastﬁrlgg Conditions Unit
metho min. | typ. | max. a) b) c) d) e) f)
Forward voltage Ve see 6.2 |[g = .. mA - \Y o o o o o o
Reversq current Iq see6.5 |Vg=-V - - MA o o o o o o
Luminods flux © D, see 6.10 |/ =.. A Im o o o o
Radiant|flux ¢ Dy see 6.11 |l =..MA mwW o o
Luminoys
1 I-=..mA
intensity - ¢ v see 6.12 |/ mcd o o o
Radiant|intensity © I, see 6.13 |l = .. MA mW/sr o o
Luminance.® L, see 6.14 | =.. mA cd/cm? o o o
Peak emission 1 see 6.15 |I-=.. mA nm o o o o o
wavelength © P : P
Spectrum width of -
half value AL see 6.15 |[g = .. mA _ — nm o o o o o o
Dominant emission
y) I-=..mA
wavelength © d see 6.16 |l nm ° ° ° °
Chromaticity f X,y see 6.16 |z = .. MA — o o o o
I = .. mA
Cut-off frequency F 9| /¢ see 6.9 |[,(fp) = ..mA| — MHz o o
fo = -~ MHz
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Thegmal resistances are described using reference points Rth(j_c) for'case, Rth(j_s) for solder point and Rth(j—a) for 4

The [following measurement condition should be described:

It shjould be specified for LEDs with power consumption 20,5 W and power efficiency 210 %.

The [radiation pattern of LEDs is shown with' a figure.

measuring method (heating method or cooling method);
the configuration, size and material of the PCB that the test LED is mounted on;
the thickness and area of the pattern (copper).that’is on the PCB;

the size, material and fin of the attached heat\sink (if appropriate).

: Characteristics To be applicable for @
Item Symbol Meastﬁrlgg Conditions Unit
metho min. | typ. | max. a) b) c) d) e) f)
Ringxyel| see 8.7 |Pp=.. mwW - - KIW © ° °
Thermal resistance
foh,i
Ringj-
j| see6.7 |Pp=.mW | _ - K/wW o o o
X)real
Power efficiency 1 N IEC 56_%747' Ig =..mA - _ - o o o
Full widfh half
maximupm of an 20,,, | see6.17 |[p=. mA - ° o o o
intensity ¥
2 Thege values are specified for each segment.
b Either luminous intensity or luminous flux or both of them is specified.
¢ Either radiant intensity or radiant flux or both of them is specified.
4 Either luminance or luminous intensity or both of them is specified.
¢ Either peak emission wavelength or dominant emission wavelength or both of thent is"specified.
f Thege items are specified when necessary.
9 Either cut-off frequency or response time (rise time, fall time) is specified.
h Refgrence point X is selected according to the purpose.
mbient.

6.1

6.1/ Measuring conditions

The

a) [femperature

Measuring method

Basic requirements

measuring conditions are the following:

Measurements shall be made at an ambient (7,;) or reference point temperature (Ty) of
(25 = 3) °C in a condition of natural convection unless otherwise specified.

b) Humidity
Relative humidity shall be between 25 % and 75 % unless otherwise specified.

c) Atmospheric condition
Atmospheric condition shall be between 86 kPa and 106 kPa unless otherwise specified.

d) Precaution

In some cases, measurements change because of heat generation in the test LED over time.
In that case, it is necessary to decide on the measurement time, otherwise the measurement
shall be performed after reaching thermal equilibrium.
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Thermal equilibrium may be considered to have been achieved if doubling the time between
the application of power and the measurement causes no change in the indicated result
within the precision of the measurement instruments.

6.1.2 Measuring instruments and equipment

6.1.2.1 General

The

measuring instruments and equipment are specified in 6.1.2.2 to 6.1.2.7.

6.1.2.2 Power supplies

DC [power-supply ripple shall be less than 3 %. In addition, the impedance value of the po
supply shall not affect the measurement.

6.1.2.3 Instruments for electric characteristics and measuring instruments

When the accuracy is not specified, the instrument shall be as specified in IEE60051 (all pa

Ad
sury
me3

NOTE Instead of the semiconductor electric characteristic measurement withjythe set of power supply and cu
sourge, the source monitor unit (SMU) that combines voltage/current soufcé,and digital measurement function

SMU

measgurements, such as in 6.5.

6.1.2.4 Standard light source

A lig
pho

6.1.
Ons

a)

b)

c)

gital instrument and the measuring instrument shall have an accuracy either equallin
assing IEC 60051 (all parts), and the impedance shall be such that the influence on
surement system can be ignored.

system, has become the industry-wide standard. The measurement with SMU is suitable for high-accy

ht source for the photometry with high stability, high reproducibility and with an appropr
fometric value shall be used.

2.5 Measuring instruments for_ photometry

of the following instruments shallkbe used:

spectrophotometer):

A spectrophotometer that measures a spectrum by turning a diffraction grating, and ta
ight of a specific wavelength through a slit sequentially and selectively.

A polychromator-type instrument (many wavelength spectrophotometer):

A spectrophotometer which measures a spectrum with a detector at the same time usi
bne-dimensional photodiode array from the diffraction light out of a fixed diffraction gra

A filter-type instrument (V(A) spectrophotometer):

wer

ts).
 or
the

rrent
s, or
racy

iate

A monochromator-type instrument (a wavelength scanning type monochromatic light

ing

ga
ing.

A photometer which has characteristics that are similar to spectral luminous efficie

hey,
be,

a photomultiplier or a photoelectromotive force device whose sensitivity distribution on the
light receiving side is flat and stable with a filter for visual sensitivity revision. In using this
filter-type photometer, the measuring light shall be monochromatic, and the wavelength
range of objective light should be within the wavelength range of the measuring instrument.

NOTE The filter-type photometer is not suitable for the photometry of the following products:
substance applied onto the LED die (phosphor based LEDs), or

spectra.

product which has a light mixing method using excited light emission from the LED die and the fluorescent

product of a many-wavelength light emission method equipped with different LEDs of a plurality of emission
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6.1.2.6 Measuring instruments for radiometry
The measuring instruments for radiometry are the following:
a) A monochromator type instrument (a wavelength scanning type monochromatic light

radiometer):

A spectroradiometer that measures a spectrum turning a diffraction grating, and taking light
of a specific wavelength through a slit sequentially and selectively.

b) A polychromator type instrument (many wavelength radiometer):

A spectroradiometer which measures a spectrum with a detector at the same time using a
bne-dimensional photodiode array from the diffraction light out of a fixed diffraction grafing.

c) Pptical power meter:

A\ radiometer consisting of a phototube, a photomultiplier or a photoelectromotive-gTrce
jevice. It provides a flat and stable response sensitivity characteristic in a wavelength range
pf measurement light, and is calibrated so as not to keep a weighting.'af the respagnse
sensitivity for the wavelength, without using a spectrum optical systeém. In using |this
fadiometer, the measuring light shall be monochromatic, and the Wwavelength rangé of
bbjective light should be within the wavelength range of the measuring instrument.

6.1.2.7 Devices used for the emission spectrum characteristic measurement

DeVlices with necessary wavelength bandwidth and resolution for the measurement of the LED
undgr test shall be used.

6.1.3 Essential requirements
6.1.3.1 General

Thel essential requirements are given in 6.1.322 to 6.1.3.4.

6.1.3.2 Point with zero electric potential

The| point with zero electric potential to apply the potential on each electrode of the LED under
test|shall be the cathode terminal.

6.1.3.3 Power supply
The| power supply shallbe the following:

a) Applied voltage

[he applied-voltage to a certain electrode is the potential difference between the electrode
bnd the (point with zero electric potential.

b) Bupply‘voltage
The/supply voltage is the voltage supplied to a circuit including the LED under test.

c) Polarity

The polarity of all electric potential is specified by the polarity for the point with zero electric
potential.

6.1.3.4 Shading

During the measurement, suitable shading shall be given so that the light from the outside or
other emission does not affect the measurements.
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6.1

4 General precautions

The general precautions are as follows:

a)

b)

d)

6.2

6.2

To

6.2

The| circuit diagram is shown in Figure 6.

Key
I c
V v
D i

6.2.

2 Circuit diagram

Absolute maximum rating

Even a second, external stress shall not exceed this value to guarantee normal operation

of the LED under test.
Transient behaviour

Even in a transient state, the voltage and current shall not exceed the value of the absolute

maximum rating.

Consideration for the heating

heat generation in the LED under test during a measurement period, the measurement s
be performed in a pulse condition.

Consideration for ultraviolet radiation

Provisions for the prevention and control of the risk of ultraviolet radiation.
Forward voltage (V) measurement
N Purpose

measure the forward voltage of the LED when a specified forward current is applied.

ol

St © W&

IEC

nstantscurrent source

Itmeter

When absolutely necessary, indicate "Pulse measurement”, and specifythe’pulse statel.

lok b ST DA A ol
neenmrtmgarogeoemgmeasurea

Figure 6 — Circuit diagram for V' measurement

3 Requirements

A constant current source shall in principle be used for the measuring circuit.

n the event that the LED measurement needs to avoid a measurement error préduced by

hall

If the forward current is set to the rated value using a constant voltage source and a current-
limiting resistor, the circuit diagram as shown in Figure 7 shall be applied.

In such a case, to avoid changes in the forward voltage resulting from accumulated heat in the
test LED and corresponding changes in the set current, set the impedance for the drive side
higher.
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RS 'IF >> VF

IEC

Key

A ammeter

\% voltmeter

R, |current limiting resistor

D light emitting diode being measured

Figure 7 — Circuit diagram for V' measurement with a constant
voltage source and a current-liniting resistor

In the case of high driving power LED (high powér LED, high-flux LED), the driving curfent
ratimg is usually specified in a condition using a heat sink instead of free air condition. For[the
megsurement, the LED shall be mounted on an\appropriate heat sink, and be measured uging
Kelyin contact in order to reduce measureméent errors resulting from contact resistance [and
wirihg impedance. An example of measurement using SMU is shown in Figure 8.

SMU

Heat sink

Forcing HI

O

Zi

=l

| 5

Sensing LO

Forcing LO

IEC

Key

SMU source measurement unit
| constant current source
ammeter

voltmeter

o < >»

light emitting diode being measured (high driving current LED)

Figure 8 — Circuit diagram for ' measurement using an SMU
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6.2.4 Measurement procedure

Forward voltage (V¢) is measured when the specified forward current (/) is applied to the test
LED.

6.2.5 Precautions to be observed

See 6.1.

6.2.6 Specified conditions

The| specified conditions are as follows:

— forward current and the driving conditions;

— fAmbient temperature (T,), case temperature (7)) or reference point temperatune (7).
6.3 Reverse voltage (Vg) measurement

6.3 Purpose

To measure the reverse voltage of the LED when a specified reverse current is applied.

Thig measurement is performed for the reverse characteristicstest in the case of LED mounting
a pgrallel-connected Zener diode for electrostatic dischargé.protection. In measuring voltage at
a ratred current, thoughtless measurement of the reverse voltage for a general LED without|any
profection circuit should not be performed to avoid @ stress voltage at breakdown voltagg or
abole the absolute maximum rating of reverse voltage.

6.3.2 Circuit diagram

The| circuit diagram is shown in Figure 9,

//

EPE IEC
Key
| constant current source
\% voltmeter
A ammeter
D light emitting diode being measured
EPE electrostatic protection element

Figure 9 — Circuit diagram for Vg measurement

6.3.3 Measurement procedure

Reverse voltage (Vg) is measured when the specified reverse current (/g) is applied to the test
LED.
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6.3.4 Precautions to be observed

See 6.1.

6.3.5 Specified conditions
The specified conditions are as follows:

— reverse current (Ig);

— ambient temperature (T,), case temperature (T;) or reference point temperature (Ty).

6.4 Differential resistance (r;) measurement

6.4.11 Purpose

To measure the differential resistance of the LED in specified measuring conditions.

NOTE Generally the series resistance of a LED is greater than that of a general rectifier\diode. This measureent
is pgrformed to determine required driving voltage and to design the driving circuit fof\a"power LED or a high flux
LED|driven by high current.

6.4.2 Circuit diagram

The| circuit diagram is shown in Figure 10.

| i
T | _— <
@ @ IT :: D osC

IEC

Key

Ru current detect resistor

i superimposed AC

I forwardPC

0SC oscilloscope

D light emitting diode being measured

Figure 10 — Circuit diagram for r; measurement

6.4.3 Requirements

In principle, the differential resistance shall be measured in such a manner that the AC is
superimposed on the specified DC.

NOTE If the region in which the forward characteristic curve of the LED can be substantially regarded as a straight
line near the specified current, the measurement can also be performed by calculating the resistance value based
on the gradient of the current and voltage values between two points near the region.

6.4.4 Measurement procedure

The specified forward DC and AC to be superimposed are applied to the test LED.
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After measurement of forward current and forward voltage waveforms of the LED with a
calibrated oscilloscope, the differential resistance is calculated using their amplitude by the
following formula:

where

AVEg is the amplitude of forward voltage waveform;

AlIe| is the amplitude of forward current waveform.

6.4.5 Precautions to be observed
Thel| precautions to be observed are as follows:

a) [The frequency of AC to be superimposed should be around 10 kHz so that it will not affect
he measurement.

b) The forward current including AC should be as high as possible within the rated value.

c) For details other than those provided in a) and b) above, see 6.1
6.4.6 Specified conditions
Thel| specified conditions are as follows:

— the value of forward current and the amplitude of\AC to be superimposed, or the amplifude
modulation factor (M = (max|(is )|)/I,:);

— Ambient temperature (7,), case temperature (7;) or reference point temperature (Ty).
6.5 Reverse current (Ig) measurement
6.5/ Purpose

To measure the reverse current;of the LED at a specified reverse voltage.

6.5.2 Circuit diagram

Figure 11 is an example using the SMU.
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SMU Output

HI

——«[> Shield

box
Shield /
guard /

. T @

021

Output
LO 77

IEC

A ammeter
X1 buffer amplifier
D light emitting diode being measured
Figure 11 — Circuit diagram for Iy measurement
6.5.3 Provisions
Singe the reverse current is extremely small within‘the rated applied voltage, the measurement
becpmes the "minute current measurement”. |t is'desirable to have a shield to eliminate forg¢ign

noige, prevent leaks at cables and the cennecting terminals, and prevent any electrost
disgharge. If the SMU has a current limiter*function, it is desirable to set the current limiteg

preyent the test LED from being destrayed.

6.5.4 Measurement procedure

Thelreverse current (Ig) is pieasured when specified reverse voltage (VR) is applied to the
LED.

6.5.5 Precautions_to be observed

Seg 6.1.

6.5.6 Specified conditions

The| specified conditions are as follows:

atic
r to

test

reverse voltage (VR);

— ambient temperature (7,), case temperature (T;) or reference point temperature (7).

6.6

6.6.

Measurement of capacitance between terminals (C;)

1 General

Two measuring methods are specified:

measurement using LCR meter;
measurement using AC bridge.
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2 Measurement using LCR meter

2.1 Purpose

To measure the capacitance between terminals of the LED when the specified reverse voltage
is applied (including zero bias voltage).

6.6.

The

2.2 Circuit diagram

circuit diagram is shown in Figure 12.

Dark box

Key

W)

i
M

6.6.
The
usin
sou
sam

6.6.

The
app

6.6.

See

o 4
CUrrent

HI

Voltage /
HI /

Voltage
LO

Current
LO

IEC

ght emitting diode being measured
CR meter (or impedance analyzer) using a self-balancing bridge system

Figure 12 — Circuit diagram for C; measurement

2.3 Requirements

g the phase information of the sighal source and comparison of the voltage of the AC si
rce with the value of the voltage that is converted from the current flowing along the
ple.

2.4 Measurement: procedure

capacitance between the terminals (C,;) is measured when the specific DC bias voltag
ied to the test LED.

2.5 Precautions to be observed

6.10

self-balancing bridge system represents a system in which the impedance is calculated

gnal
test

e is

6.6.2.6 Specified conditions

The

specified conditions are as follows:

— DC bias voltage;

— frequency to be measured (f) — usually 1 MHz is used,;

— ambient temperature (7,), case temperature (T;) or reference point temperature (7).

6.6.
6.6.

3 Measurement using AC bridge

3.1 Purpose

To measure the capacitance between the terminals of the LED when the specified reverse
voltage is applied other than for a zero-bias voltage.
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6.6.3.2 Circuit diagram

The

circuit diagram is shown in Figure 13.

L | c
YY) |

¥y o @ | -

Key

O r 2 0
- 5

6.6.

The
acc
suff

wheg
Cx
f
6.6.

The
app

IEG

ght emitting diode being measured
C bridge
ductor

apacitor

Figure 13 — Circuit diagram for C; measurement

3.3 Requirements

bias circuit for the test LED shall satisfy the following condition in order to maintain
iracy of the measurement and the measdring signal voltage shall be a signal thg
ciently smaller than the bias voltage.

1
C) Cx)) ———5—
(2mf)° L
re
is the capacitance of the test LED;
is the measuringyfrequency.
3.4 Measurement procedure

capacitance between terminals (C,) is measured when the specific DC bias voltag
ied tofhe test LED.

021

the
tis

()
&

6.6.

See

6.6.
The

3-5—Precattions—tobeobserved
6.1.

3.6 Specified conditions

specified conditions are as follows:

— DC bias voltage;

— measuring frequency (f) — usually 1 MHz is used;

— ambient temperature (7,), case temperature (T;) or reference point temperature (7).
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Measurement of junction temperature (Tj) and thermal resistance
(Renj-x)el Rin(j-x)real)

1 Purpose

To measure the junction temperature and the thermal resistance under specified conditions.

6.7.

2 Measurement principle

While specified electrical power dissipation (P) is applied to the device being measured, the

electrical thermal resistance R

is_calculated h\/ ||Qing the jllnrfinn fnmpnrnhlrn (7’])

nd

the

Chgnge in the forward voltage (V¢) induced by electrical power dissipation)(P) causes the
of T

tem

obtained by measuring the forward voltage (V) at different ambient temperatures.

The

is the subtraction of the radiant flux from the electrical power dissipation. It can be derived fi

the

How

To

actyal usage conditions by considering its temperature dependence.

npE
driv

Figyre 14 shows-an example of the temperature dependence of #pE.

t=x)et
reference point temperature (7) as follows.

T: - T
_7X
Rin(j-x)el =~ 5

i- T is derived from the temperature dependence of the foriward voltage (Vg) a
perature sensitive parameter. The temperature dependence(of the forward voltag

real thermal resistance Ry, (j.x)real IS Calculated by using the heating power dissipation

optical energy conversion efficiency (power efficiency #pg) as follows.

i~ Tx

Rin(j-xrez) = PO—m0g)

Lalculate the actual junction temperature more accurately, #pg shall be determined uf

shall be derived separately according to the temperature at the reference point X and
ng current.

A

Mee

— /—‘ I, = 350 mA |

rise
s a

that
rom

ever, it should be noted that powersefficiency #pg is a temperature dependent paramefer.

der

the

I.=700mA |

I = 1000 mA |

TX IEC

Figure 14 — An example of the temperature dependence of 5pg
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021

Reference point X shall be on the heat flow path of the substrate mounted LED, and the
temperature shall be measured when the LED is lit.

For example, for a 2-terminal LED device, the reference point X should be a terminal side with
higher heat flow, namely the soldering point of the terminal on which the LED die is mounted.

However, when it is difficult to locate the reference point X in such an area, the reference point

shal

| be set at the location where the heat flow rate is as large as possible.

The measured thermal resistance of a LED with appropriate heat sink shows a dependence on

the

Figt

The
alm
san

eating time duration (tp) as shown in Figure 15.

re 15 shows an example that two saturation regions are observed.

first saturated region indicates the state in which the case (or the soldering point)
bst warmed up, while the last saturated region indicates the process until the whole
ple has reached the steady state.

has
test

That is, the two saturation regions above correspond to the junction<te-case thermal resistgnce

Rth
ambk

Figu
cha
con

j-c) or the junction-to-soldering point thermal resistance Rth(j-s) and the junction
ient thermal resistance Rth(j-a), respectively.

-to-

re 16 shows the cumulative thermal capacitance versus cumulative thermal resistance

racteristics (generally referred to as the "structural function") determined by mathematig
Verting the data given in Figure 15.

Int

and| C corresponds to one of the structural layers of the tested LED package which have
thermal resistance and high thermal capacitance values. On the other hand, the part with
inclination in the structural function such:as the one between A and B corresponds to one off
ctural layers of the tested LED package which have high thermal resistance and low theqmal

stru
cap

Thig
diffe
cap

The
ther
syst

e structural function, Figure 16, the part with large inclination such as the one betweg

Acitance values.

means that the point whére the inclination changes in the structural function reveals

hcitance can be estimated separately for each structural layer of the LED package.

refore, it is recommended to use the cumulative thermal capacitance versus cumulg
mal resistanée characteristics (structural function) for the thermal design of a pulse-dr
ems.

ally

n B
low
low
the

the

rence in the structure By using this property, the thermal resistance and the theiqmal

tive
ven

=~

th(j-a) ===

Thermal r¢sistance

th(j-c)’
Rth(j—s)

o
|

Heating time duration
IEC

To-cy’ To-s)

Figure 15 — Heating time duration dependence of the measured thermal resistance
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Cumulative thermal rcapacitance

Die attachment

|
|
|
Case :
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6.7.
6.7.
The

arolind the test LED shall be natural convection.

If th
and
isn
acc

6.7.

proq

Temperature coefficient of the forward voltage (Vg) shall be measured by using the folloy
edure.
LED being measured (s held in a variable temperature oven. Then wait until reachin

The
ther

volt
the
app

Sub
the
coe

T ! —

Rth(j—c)’ Rth(j—s) Rth(j—a)

Cumulative thermal resistance
IEC

Figure 16 — Cumulative thermal capacitance versus cumulative
thermal resistance characteristics (structural function)

3 Measurement procedure
3.1 Preparation

test LED shall be mounted on PCB and/or thermally managed. Measuring atmospH

e LED is to be enclosed in a box to prevent effect/from external heat and wind, the box

material shall be selected appropriately accordifigto the degree of heat. If the measurement

bt performed in a dark environment, influence ef.the photoelectric effect on the measure
iracy shall be checked in advance.

3.2 Measurement of temperature coefficient of forward voltage (V)

mal equilibrium as T becomes equal to the oven temperature. Then measure the forw
bge (V) at a smalliforward current (7). The forward current shall be small enough so

junction temperatdre rise is negligible. Generally, approximately 1 mA per die shoulg
ied for the measurement.

sequently, repeat the above procedure sequentially at different oven temperatures to
temperature dependent characteristic of the forward voltage. Derive the tempera
[ficient of the forward voltage from the measurement result.

ere

Size

ent

ving

g at
ard

that
be

get
ture

NOT

6.7.

E Inthe case of LED with resistor, even though the measured temperature coefficient includes the temperature
dependence of the resistor, the measured value is still considered to be the temperature coefficient of the LED.

3.3 Measurement of change in forward voltage (V¢) induced by power
dissipation (P)

There are two methods for the measurement of the change in the forward voltage (V) induced

by the power dissipation (P) given on the LED. One is heating method (dynamic mode) and the
other is cooling method (static mode). Both methods can be applicable for calculating the
thermal resistance of the LED, but it shall be stated in the specification table that which method
is used for the derivation of the thermal resistance.
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Both methods use the measuring circuit shown in Figure 17. However, the two methods differ
from each other in terms of how the electrical power dissipation (P) is applied and when the
forward voltage (V) is measured after heating.

In these methods of measurement, the transient thermal resistance can be measured more
quickly using the static mode, and the junction temperature may be slightly lower using the
dynamic mode.

0S(

ol ol v @

ose

measuring current
heating current

switch

light emitting diode being measured

oscilloscope

Heating method (dynamic mode)
Turn the SW on.

negligible, and measure-the forward voltage before heating (Vg4).

tp)".

he LED:
Measure the forward voltage again (V) just after the SW on.

Figure 17 — Circuit diagram for measurement of change in V¢

Apply a small measuring current (7)) only to the LED where the junction temperature ris

[urn the SW off for applying the heating current (/) superimposed on [y, at the same ti

hen, turnithe SW on. In this situation, only the small measuring current (I,) is applie

IEC

eis

me.

The heating currént is applied for power dissipation during a specified "heating time duration

d to
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b)

Change in forward voltage (7;) induced by heat accumulation

T due to heating current (7,,) during period (lp)
I e
E

LoDy b

Observed waveform IEC

Figure 18 — Change in Vg during the measurement

The measured forward voltage Vg, just after the end of power dissipation is lower than|the
orward voltage Vg4 beforesheating due to heat accumulation produced by power dissipafion.
However, Vg, will return~to value Vg, afterwards.

The forward voltage:change observed by a oscilloscope are shown in Figure 18.

fhe measurement timing of Vg, just after the end of heating shall be short enough in
comparisonswith the thermal time constant of the test LED. However, since a transjient
finging neis€ is superimposed onto the observed waveform due to the cut-off of the heating
current\(#4), Vg, sampling is done after a certain delay time to avoid the influence of|the
ringing noise. The junction temperature T that is determined by using the dynamic mode is
correésponds to specific delay time has passed, not immediately after the heating is|off.
Accordingly, junction temperature T; may be slightly lower for some types of LED.

Cooling method (static mode)
Turn the SW off.

Heating current and a small measuring current are applied to the LED for a sufficiently long
time until the system reaches the equilibrium state.

After heating current is off, namely just after turning the SW is on, measure the time variation
in V.

In this situation, only the small measuring current (/) is applied to the LED.

Figure 19 shows an example of the measured time variation in V.
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Since the forward voltage Vg that is observed immediately after the heating current (1) is
off inevitably contains the transient vibration waveform, an accurate Vg value cannot be
determined from the observed waveform.

An accurate Vg can be calculated by extrapolating the cooling behaviour which is linear to
the square root of time as shown in Figure 20.

The junction temperature T is determined from the derived values by performing a

conversion in accordance with 6.7.3.2. Details on this approach are provided in the JEDEC
standards (JESD51-14).

L
F

Y

F1

F2

Figure 19 — Example of the time variation in V¢

TA

Nt

IEC

Figure 20 — Transient vibration waveform immediately after the heating is off
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6.7.3.4 Measurement of the temperature at the reference point 7y

The temperature should be measured using a proper thermocouple.

For a measurement conducted using a thermocouple, its type (material) and wire size shall be
carefully selected in order to prevent the measurement point from being cooled down by the
thermocouple.

6.7.3.5 Calculation of thermal resistance

Th,\ o 1 H S £ 4l + EH 4+ t o £ HW S V4 5} ol b
areTIiTdrl TCoToldliive 1TTUTIT Ui JUII\JLIUII U a vortianl TTITTTTIVT PJUITITU 7\, l\th(l_x), o1 Tdal e

caldulated using the following formula. The power efficiency npg should be measured at|the

same time when the thermal resistance is measured.

R _ Ti _TX N AVF /b
th(i-Xreal = P(1=npg)  IyVe (1-1pe

)(Ilvl((fH)

whdre

T; junction temperature

Ty | temperature at reference point X

P electrical power dissipation

AVRl Vr1 = VE2

b temperature coefficient for forward voltage

npe| power efficiency

NOTE There are other ways to calculate the thermal resistance from the junction to the reference point.

This|is a method in which the separate point in the structural function of a LED, which has different heat flow paths
after|the reference point, is.regarded as the thermal resistance from the junction to the reference point.

In tHe JEDEC standards;(JESD51-14), this approach is recommended as a method for calculating the thgrmal
resigtance from the junction of a semiconductor device to the rear surface of its package.

Sincg the precondition for this approach is that the heat flow paths before the separate point are identical, sq this
pathlis one-dimensional.

JESDP51-14 explains that with a heat sink is attached to make the heat flow path one-dimensional, the heat flow|path
beydnd‘\the rear surface of the package can be changed by applying grease selectively.

According to JESD51-14, this separate point for the Structural function corresponds to the thermal resistance from
the junction to the rear surface of the package.

This idea can be applied to a LED as follows. For example, taking a soldering point on the LED as a reference point,
the LED is mounted on two types of PCB that have differently designed soldering pads, which allows the separate
point to be determined. The two types of PCB can be one with a different pad size or one with a different copper
thickness.

Since the thermal resistance calculated using this approach is the thermal resistance from the junction to the
temperature of isothermal surface near the reference point, it may differ from the thermal resistance corresponding
to the reference point.

However, this approach is an effective way of calculating with a LED for which a reference point cannot be set on its
heat flow path or the accuracy of a temperature measurement taken at its reference point is insufficient.

This calculated value is also suitable for the thermal design of the heat flow on the downstream (the PCB and heat
sink) of a LED if the design is conducted by a simulation
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6.7.4 Precautions to be observed
The precautions to be observed are as follows:

a) The heating current I,; should be the same value as the forward current actually used.
However, if sufficient detection sensitivity (i.e., forward voltage difference Vg before and
after heating) cannot be achieved by applying this current value, the heating current (/)

should be set as high as possible within the absolute maximum ratings by controlling the
heating time not to exceed the Tjmax. If it is difficult to detect enough temperature rise to

derive the thermal resistance by applying this condition, the method should be abandoned.

b) For details other than those provided in a) above, see 6.1.

6.7.5 Specified conditions
a) forward current /.

b) Ambient temperature T,, case temperature T, or reference-point temperature Ty.
c) [nthe case where T is used for the reference point temperature:

- The configuration, size and material of the PCB that the test LED"is mounted on.
- The thickness and area of the pattern (copper) that is on the .PCB.
- The size, material and fin of the attached heat sink (if appropriate).

6.8| Response time measurement
6.8/ Purpose

To measure the response time of the LED under:the specified conditions.

6.8.2 Circuit diagram

The| circuit diagram is shown in Figure 2%.
L

E] BC

PG CD% %@9 M

D PD
IEC

Key
PG pulse generator
D light emitting diode being measured

collective lens
PD photo detector
BC bias circuit
M optical pulse measurement system

Figure 21 — Circuit diagram for response time measurement
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6.8.3 Provisions

To detect the photocurrent signals at the photo detector, a transimpedance amplifier that
ensures sufficient response characteristics shall generally be used; however, this may also be
performed by measuring the voltage using a resistor whose resistance is low enough to ensure
responsivity and linearity.

The rise and fall times of the pulse generator and the optical pulse measurement system should
be sufficiently lower than the response time of the test LED. The responsivity of a photo detector
may worsen when outside of a specific wavelength region depending on the crystalline material

and device structure. The combination of wavelength regions and device structures should be
proﬂ;erly selected.

The| collective lens may be omitted if it is not needed depending on the optical characterigtics
of the test LED.

6.8.4 Measurement procedure
Thel measurement procedure is as follows:

a) Apply the specified forward current pulse to the test LED.

b) [The light emitted from the LED is received by the photo detector and converted intq an
blectrical signal.

c) Measure this electrical signal with an oscilloscope or other suitable measurement instrument
hat has been synchronized with the pulse generator. Next, measure the rise time (z.) [and

all time (%) (and, if necessary, the turn-on delay)time (td(on)) and turn-off delay time (4 Off))

pased on the relationship between the input:and output waveforms shown in Figure 22 in
bccordance with the following definitions.

1) Rise time (z,)
The time required for the ampljtude of the output waveform to increase from 10 % to
90 %.

P) Turn-on delay time (14(on))
The time that elapses.ffom when the amplitude of the input waveform reaches 10 % until
that of the output waveform reaches 10 %.

B) Fall time ()

The time required for the amplitude of the output waveform to decrease from 90 % to
10 %.

) Turn-off-delay time (740f))

The-time that elapses from when the amplitude of the input waveform drops to 90 % until
that of the output waveform drops to 90 %.

6.8.5 Precautions to be observed
The precautions to be observed are as follows:
a) The rise, fall, and delay times of the forward current pulse generator and the optical pulse

measurement system shall be sufficiently lower than those of the test LED.

b) The linearity of the optical pulse measurement system shall be corrected to within the
measurement range of the measured value before use.

c) For details other than those provided in a) and b) above, see 6.1.
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6.8.6 Specified conditions

The specified conditions are as follows:

— ambient temperature (7,), case temperature (7;), or reference point temperature (Ty);
— input pulse signal (pulse current, pulse width, duty ratio).

A
100 % 1
90 % -

Applied current

10 % -

Y

100 %-
90 %-

Optical output

10 % -

IEC
Figure 22 — Waveform of response time measurement

6.9 Frequeney'response and cut-off frequency (f;) measurement

6.9.11 Purpose

To measure the frequency response and cut-off frequency of the LED under the specilfied
conditions

6.9.2 Circuit diagram

The measuring circuit should be designed as shown in Figure 23 in principle.
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small signal AC

forward DC

light emitting diode being measured
collective lens

photo detector

bias circuit

optical pulse measurement system

Figure 23 — Circuit diagram for f.(measurement

3 Provisions

detect the photocurrent signals of the pheto detector, a transimpedance amplifier that
Lires sufficient response characteristics shall generally be used; however, this may als¢ be

performed by measuring the voltage using a‘resistor whose resistance is low enough to engure

responsivity and linearity.

The|responsivity of a photo detector may worsen when outside of a specific wavelength region
depgending on the crystalline material and device structure. The combination of wavelength

regions and device structures:should be properly selected.

Thelfrequency variation 'of the AC signal source output shall be sufficiently low, either equalling

or surpassing IEC 60051 (all parts).

Thel collectivedlens may be omitted if it is not needed depending on the optical characterigtics

of the test LED.

6.9. Measurement procedure

The measurement procedure 1S as 10llOWS:

a)
b)
c)

d)

Apply the specified forward current to the test LED and superimpose the small signal AC of
frequency f.

The light emitted from the LED is received by the photo detector and converted into an
electrical signal.

Measure the AC, i,(f), that corresponds to the modulated light with a measuring instrument
such as a spectrum analyzer.

Obtain io(N/ip(fo) for the alternating current ip(fo) that corresponds to a sufficiently low
reference frequency f; (fy = f./100) as the frequency response.
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e) The cut-off frequency (f;) is the frequency at which the frequency response decreases by
3 dB with respect to the reference frequency.

6.9.
The

a)

~3dB =10log[ i, (/) /in (fo)]

5 Precautions to be observed

precautions to be observed are as follows:

lsa-the fraauencyvy_charactaristics of tha small.cianal AC caolirce and the aontical si
3 H-8gH8RGcY Aaa6teHSH A RaH=-SHgRa+—Ar LH SHHe—H pHGaH+—SH

nal

b)

c)

6.9.
The

measurement system with a range that is sufficiently wider than that of the freque
characteristics of the LED.

The linearity of the optical signal measurement system should be corrected._to, within
measurement range of the measured value before use.

Hetector, because the frequency at which the electric output from .the photo dete
Hecreases by 3 dB and that at which the optical output of the light source decreases by 3
and are different, be careful not to perform the conversion incorrectly.

For details other than those provided in a), b), and c) above, see6.1.

6 Specified conditions

specified conditions are as follows:

bmbient temperature (7,), case temperature (T,),\or reference point temperature (7);

pias forward current (Ig) of the LED;

amplitude (max|(is)|) or modulation factof (M = (max|(is)|)/1,:) of the AC signal.

6.10 Luminous flux (®,) measurement

6.10.1 Purpose

The

purpose of this measuretent is to measure the total or partial luminous flux of the

under established conditions’

6.10.2 Measurement principle

Alte
LED

rnately illuminate a luminous-flux standard LED whose total flux (®,g) is known and the

at the centre of the integrating sphere and read the output value from each photomg

With I,g-as' the optical output of the photometer when the luminous-flux standard LEL

illun

ninated under established conditions and 7,1 as the optical output of the photometer w

ncy

the

When photoelectric conversion is performed on the optical output from the KED by a photo

ctor
dB

LED

test
ter.
D is
hen

the

test LED is illuminated, the total flux @,1(1 m) of the test LED will be as follows.

Iyt
Dyt =Pys IL
vS

If the values of &, and &, g differ greatly, it may be particularly appropriate to have a filter

whose attenuation is known between the photometer and the photometer window.

6.10.3 Measuring circuit

The

measuring circuit should be designed as shown in Figure 24 in principle.


https://iecnorm.com/api/?name=b4a05822275118403cf09d99b23c2df0

IEC

60747-5-6:2021 © |IEC 2021 - 47 -

~

ot (@

F D

" Integrating sphere
IEC

A m

The
the
bec
the
hav

If it
inst

6.10.4 Measurement procedure

The

a)

b)

6.10.5 Precautions to be observed

The

ight emitting diode being measured

brward DC

Figure 24 — Circuit diagram for &,, measurement

onochromator-method or polychromator-method photometer should:.be used.

area of the internal surface. However, if it is difficult to design such an integrating sph
huse of the spherical diameter of the integrating spherenas well as the shape and typ
photometer, a photometer with bundled fibres whose attenuation and wavelength sensit
b been sufficiently corrected can be used for the measurement.

is obvious that no radiation is being emitted:in the reverse direction, the test LED may
hlled at the incident window to perform a 2z space measurement.

measurement procedure is as follows:

Perform the measurement by- alternately placing the test LED and the luminous-
standard LED in the centre of the integrating sphere. Start the photometry when
uminous flux reaches d stable state during the preliminary lighting time (sufficient time
Changes in the luminous flux resulting from the temperature rise of the test LED when
urned on to become\stable).

Read each measufred output value for the test LED and the luminous-flux standard
shown on theyphotometer.

precautions to be observed are as follows:

sensor window inside the integrating sphere should be designed to be sufficiently smalf for

ere
e of
vity

be

flux
the
for
it is

LED

a)

A 4l 4 1 : £l 4 ! (E I S R ol 4l £ o
VIART SUTC 1lldl yOU UST a TUTTHTTOUS=ITUA SidlTudliU LD al Tidos UIC SdlTic CUTTTIYguUTr atiol

1 as

and an emission spectrum distribution equivalent to the test LED to which the values have

been added by the standard light source as a luminous-flux standard LED.

If the configuration and emission spectrum distribution of the luminous-flux standard LED
are not equivalent to those of the test LED, use the following formula to correct them as

needed — particularly if the photometer is a filter-type (e.g. V(1) photometer):

I
Dyt =a-k-Pys i
v
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where
o is the self-absorption correction factor;
k is the colour correction factor.

NOTE 1 Details on how to obtain the self-absorption correction factor can be found in Annex B.

NOTE 2 Details on how to obtain the colour correction factor can be found in Annex C.

b) The light receiving luminous flux and the optical output of the photometer shall be in direct

c)

d)

6.10.6 Measurement conditions to be defined

The

6.11

6.11

The
esty

6.11

Alte

the
radi

proportion to each other. If they are not in direct proportion to each other, they shal
corrected.

| be

The diameter of the integrating sphere shall be sufficiently larger than the test devic

hat is a third to half the radius from the centre. All parts of the inner (surface of

possible (lambertian surface).

o the standard luminous efficiency curve. Therefore, these-errors shall be evaluated
corrected.

-or details other than those provided in a), b), and ¢) above, see 6.1.

measurement conditions to be defined areithe following:

orward current (Ig);

bmbient temperature (7,), case temperature (7.), or reference point temperature (7).
Radiant flux (®,) measurement

.1 Purpose

blished conditions,

.2 Measurement principle

rnately.illuminate a radiant-flux standard LED whose total radiant flux (®.g) is known

test LED at the centre of the integrating sphere and read the output value from &
oreter.

e in

brinciple. The size of the light shielding plate should be the minimum required to compldtely
block the light source viewed from the photometer window. The plate should be fixéd on| the
ine connecting the centre of the integrating sphere and the photometer window. at a point

the

ntegrating sphere shall be diffusing surfaces that provide as uniform-asreflectivity as

Errors may be included in the result of the photometry depending on how close the relgtive
spectral sensitivity curve (in which the spectral reflection factor of the integrating sphere
baint, the spectral transmittance of the diffuse transmission plate‘at the photometer window,
and the relative spectrum of the photometer are combined fo ferm a photometry system) is

and

purpose of this measurement is to measure the total radiant flux of the LED under

and
ach

With I as the optical output of the radiometer when the radiant-flux standard LED is illuminated

under established conditions and /1 as the output of the radiometer when the test LED is

illuminated, the radiant flux @, of the test LED will be as follows.

Lot
¢eT:®eS'Ie_S
e

If the values of &,1 and &g differ greatly, it may be particularly appropriate to have a filter

whose attenuation is known between the radiometer and the photometer window.
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6.11.3 Measuring circuit

The measuring circuit should be designed as shown in Figure 25 in principle.

Thelsensor window inside the integrating sphere should be désigned to be sufficiently smal

the
bec
the

If it
inst

6.11.4 Measurement procedure

Thel measurement procedure is_as-follows:

a)

e)

6.11.5, “Precautions to be observed

forward DC

St (@t e

F D

' Integrating sphere
IEC

ight emitting diode being measured

Figure 25 — Circuit diagram for &, measurement

area of the internal surface. However, if it is difficult t@~design such an integrating sph
huse of the spherical diameter of the integrating sphere as well as the shape and typ

is obvious that no radiation is being emitted in the reverse direction, the test LED car
hlled at the incident window to performxa.2n space measurement.

Perform the measurementby alternately placing the test LED and the radiant-flux stang
| ED in the centre of the'integrating sphere.

ighting time (sufficient time for changes in the radiant flux resulting from the tempera
fise of the test LED when it is turned on to become stable).

Read eachimeasured output value for the test LED and the radiant-flux standard LED sh
bn the radiometer.

for
ere
e of

ight receiving portion of the radiometer, a radiometer with bundled fibres whose attenuation
and|wavelength sensitivity have been sufficiently.cotrected can be used for the measuremd

ent.

be

ard

Start the photometry"when the radiant flux has reached a stable state during the preliminpary

fure

pbwn

The precautions to be observed are as follows:

a) Make sure that you use a radiant-flux standard LED that has the same configuration as and

an emission spectrum distribution equivalent to a sufficiently calibrated test LED an
radiometer.

If the configuration and emission spectrum distribution of the radiant-flux standard LED

d a

are

not equivalent to those of the test LED, use the following formula to correct them as needed.

I
Dyt =a-k-Pyg IV_T
vS

where
o is the self-absorption correction factor;
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k is the colour correction factor.
NOTE 1 Details on how to obtain the self-absorption correction factor can be found in Annex B.

NOTE 2 Details on how to obtain the colour correction factor can be found in Annex C.

When using an optical power meter with a wavelength sensitivity compensation function for
the radiometer, correction with the colour correction factor can be omitted if a correction
with the corresponding wavelength is performed for each measurement.

b) The diameter of the integrating sphere shall be sufficiently larger than the test LED in

principle. The size of the light shielding plate should be the minimum required to completely
block the Iighf source viewed from the phni‘nmnfnr window.-The plafn should be fixed on the
ine connecting the centre of the integrating sphere and the photometer window at-a\point
hat is a third to half the radius from the centre. All parts of the inner surface of|the
ntegrating sphere shall be diffusing surfaces that provide as uniform a reflectivity as
bossible (lambertian surface).

c) For details other than those provided in a) and b) above, see 6.1.

6.11.6 Measurement conditions to be defined

Thel measurement conditions to be defined are the following:

— forward current (Ig);

— Aambient temperature (7,), case temperature (7;), or reference point temperature (7).

6.12 Luminous intensity (Iy) measurement

6.12.1 Purpose

The| purpose of this measurement is to measure the luminous intensity of the LED under
estgblished conditions.

6.12.2 Measurement principle

Thel luminous intensity measurement shall conform to the measurement of the CIE-averaged
LED intensity. This measurement-is performed by turning on a luminous-intensity standard LED
whqgse averaged LED intenSity (Z,) is known and the test LED and comparing them alterngtely

under two defined visual (solid angle) conditions.

With 1,5 as the luminous intensity of the luminous-intensity standard LED, i, g as the read value
of the photometer output, and i, 1 as the read value of the photometer output when the test LED
is illuminated; the luminous intensity of the test LED (Z,) will be as follows.

The measurement distance should be between the tip of the LED and the reference surface of
the light receiving portion of the photometer as shown in Figure 26.
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Figure 26 — Schematic diagram for I, measurement

If tHe reference surface of the photometer for the measuremeént distance is not set, take[the
front surface of the light receiving portion as the reference\surface.

Table 3 shows the view angle conditions for CIE-averaged LED intensity.

Table 3 — CIE averaged LED intensity measurements

Circular aperture Distance View angle
mm? mm sr
Condition A 316 0,001
100
Condition B 100 0,01

6.12.3 Measuring circuit

Thel measuring cir€uit should be designed as shown in Figure 27 in principle.

T S

F D Photometer

~

IEC

Key

I. forward DC

F

D light emitting diode being measured

Figure 27 — Circuit diagram for I, measurement
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6.12.4 Measurement procedure
The measurement procedure is as follows:

a) Set the luminous-intensity standard LED or the test LED in accordance with its external
structure. Set the photometer and the test LED at a position where the vertical central axis
of the acceptance surface of the photometer is, in principle, coincident with the structural
central axis or the optical central axis of the test LED.

b) Set the photometric distance between the LED and the acceptance surface of the
photometer to one of the values shown in Table 3 in accordance with the relevant condition.

1 4lo H P I 4 ol LT N\ & dlo 1 : Hy ik 4 | DU B el Y ol bl t
C) PPy U1 SpPTUITIicUu TUTWaru CUTTTIT \IF} WLTT TUTITITTOUSTIITITTIONY SstdlfuarlU LU altfu 1ric es

| ED alternately to obtain the luminous intensity by reading the photometer.

If tHe emission spectrum distribution of the luminous-intensity standard LED is not_equivalent
to that of the test LED, perform corrections with the colour correction factorlas needdd —
parficularly if the photometer is a filter-type (e.g. V(1) photometer).

NOTE Details on how to obtain the colour correction factor can be found in Annex B.
6.12.5 Precautions to be observed
The| precautions to be observed are the following.

a) |n actual measurements, the structural central axis based”on the external structure of|the
est LED is not necessarily coincident with the opticalrgentral axis. It is advisable to clarify
o which axis the obtained measured value belongs.

b) For details other than those provided in a) above, see 6.1.
6.12.6 Measurement conditions to be defined
Thel measurement conditions to be definediare the following:

— forward current (Ig) and current-carrying time;

— (istance (visual) condition;
— fambient temperature (T,), ease temperature (7;), or reference point temperature (Ty).

6.13 Radiant intensity (I,) measurement

6.13.1 Purpose

The| purpose of.ithis measurement is to measure the radiant intensity of the LED under
estgblished conditions.

6.13.2, ( Measurement principle

Th |ad;a||t ;IItUIIO;t_y IIIUGOUICIIIUIIt oha“ UUIIfUIIII tU thc V;OUG: (OU:ICII GIIS:C) UUIId;t;UIIO Glld the
conditions for the positional relation between the light receiving portion and the LED, as
specified for the measurement of ClE-averaged LED intensity in 6.12. This measurement is
performed by alternately turning on a radiant-intensity standard LED whose radiant intensity (/)

is known and the test LED and comparing them.

With I,g as the radiant intensity of the radiant-intensity standard LED, i g as the read value of
the radiometer output, and i 7 as the read value of the radiometer output when the test LED is
illuminated, the radiant intensity of the test LED (/) will be as follows.

i
Iy = .e_T'[eS
les
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6.13.3 Measuring circuit

The

measuring circuit should be designed as shown in Figure 28 in principle.

6.13
The

a)

b)

c)

In &
LED
axis

For
6.13

The

F U Radiometer

IEC

brward DC

ight emitting diode being measured

Figure 28 — Circuit diagram for I, measurément

.4 Measurement procedure

measurement procedure is as follows:

Set the radiant-intensity standard LED or the/test LED in accordance with its extefnal

structure. Set the radiometer and the test LED. at a position where the vertical central
bf the acceptance surface of the optical recéiver is, in principle, coincident with the struct
central axis or the optical central axis of the test LED.

Set the photometric distance between the LED and the acceptance surface of the radiom
o one of the values shown in Table>3 in accordance with the relevant condition.

Apply the specified forward current to the radiant-intensity standard LED and the test

hlternately to obtain the radiant-intensity by reading the radiometer output. When using
bptical power meter with a wavelength sensitivity compensation function for the radiome
make sure that you calibrate it with the corresponding wavelength for each measureme

ctual measurements;.the structural central axis based on the external structure of the
is not necessarilyycoincident with the optical central axis. It is advisable to clarify to w
the obtained measured value belongs.

details other'than those provided in a), b) and c) above, see 6.1.

.5 ,Measurement conditions to be defined

measurement conditions to be defined are the following:

aXis
ural

pter

LED
an

ter,

nt.

test
hich

— forward current (Ig) and current-carrying time;

— distance (visual) condition;

— ambient temperature (T,), case temperature (7), or reference point temperature (Ty).

6.14 Luminance (L,) measurement

6.14.1 Purpose

The purpose of this measurement is to measure the luminance under established conditions
using either a LED flat illuminator that has a light emitting part with a large area in particular

and

a flat emitting pattern or a LED dot-matrix display.
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6.14.2 Measuring circuit

The

measuring circuit should be designed as shown in Figure 29 in principle.

Commonly used LED flat illuminators usually have multiple LED dies. Figure 29 shows an
example of a LED flat illuminator with a single LED die. The actual driving circuitry should be
configured in accordance with the number of LED dies to be used and the LED connection

topology.
4®7
fr D
______________ Luminance meter
IEC
Key
I forward DC
D light emitting diode being measured

6.14
The

a)

b)

c)

Car
the
of |
lum

Figure 29 — Circuit diagram for'Z, measurement

.3 Measurement procedure
measurement procedure is as follows:

Set the test LED in accordance with.its external structure. Set the luminance meter and
est LED at a position where the.wvertical central axis of the acceptance surface of
uminance meter is coincident with the normal in the emitting face of the test LED.

Set the distance between the_emitting face of the test LED and the acceptance surfac
he luminance meter so thatthe solid angle, which is determined by the size of the diam
bf the measurement spat/on the specified emitting face, will be appropriate.

Apply the specified forward current (/g) to the test LED to obtain the luminance (L,
reading the luminance meter.

b should bestaken when measuring luminance to ensure that the brightness in the vie
luminancédmeter is uniform and that the field of view is completely filled with the emis
ght. If\the luminance of the emitting face is not uniform, take the average value as
nance:

the
the

e of
eter

by

v of
sion
the

It is

adVvisdbDle 10 Clarity on wnichn part or the emittng race tne minance was measureda.

The luminance meter shall be calibrated on a regular basis. For details on calibration, refer to

Ann

For

ex D.

details other than those provided in a), b), and c) above, see 6.1.

6.14.4 Measurement conditions to be defined

The

measurement conditions to be defined are the following:

— forward current (Ig);

— photometric distance and solid angle;
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— ambient temperature (T,), case temperature (7;), or reference point temperature (Ty);

— position on the emitting face;
— measured surface.

6.15 Emission spectrum distribution, peak emission wavelength (ﬂp), and spectral half
bandwidth (A1) measurement

6.15.1 Purpose

The purpose of this measurement is to measure the emission spectrum distribution, peak
emigsion wavelength, and spectral half bandwidth of the LED under established conditions

6.1%.2 Measuring circuit

Thel measuring circuit should be designed as shown in Figure 30 in principle.

System
@ T - —- @2 - = . —|- Monochromator | Detector Measuring
instrument
I
F D
Lens IEC

forward DC

D light emitting diode being measured

Figure 30 —Circuit diagram for A, measurement

The| emission spectrum of \LEDs may differ greatly in distribution due to their position in|the
emifting face and directivity angle. Therefore, the measurement can, depending on the intended
use| be performed by-using a light receiving system in 211 space through an integrating sphere
as gshown in Figuré 31. Particularly for measurements with a LED in which multiple LED dies
are [contained within a single package or with a dual-wavelength emission type LED using an
excited lumingscence layer in the LED die, use the system shown in Figure 31 unless otherwise
spegified.
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