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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LED MODULES FOR GENERAL LIGHTING -
PERFORMANCE REQUIREMENTS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
national electrotechnical committees (IEC National Committees). The object of IEC is to promote

all
inte
this

Tec
Publication(s)”). Their preparation is entrusted to technical committees; any IEC
in the subject dealt with may participate in this preparatory work. Intern

gov

with the International Organization for Standardization (ISO) in accordaf
agreement between the two organizations.

Fnational co-operation on all questions concerning standardization in the electrical
end and in addition to other activities, IEC publishes International Standards,
hnical Reports, Publicly Available Specifications (PAS) and Guides (herea

echnisal Specifi

ernmental organizations liaising with the IEC also participate in this prep

2) The|formal decisions or agreements of IEC on technical matters express

cong
intef

3) IEC

Committees in that sense. While all reasonable efforts are\made fo enstie tha
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4) In qrder to promote international uniformity,
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erested
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pyees, servants or agents including individual expdrts and
tighal Committees for any personal injury, property darhage or

21 8 other direct or indirect, or for costs (including legal fe¢s) and
pnses arising out ication, wse” of, or reliance upon, this IEC Publication or any other IEC
Publi

8) Atts

ications
ntion is dr. \ b efefences cited in this publication. Use of the referenced publications is
Epensablé forthe\corkect ap gtion of this publication.
ntiop~j 3 i y that some of the elements of this IEC Publication may be the supject of
nti EC S held responsible for identifying any or all such patent rights.
b specification not fulfilling the requirements for a standard, but{made
ble to.the”public
AS 62717 has been prepared by subcommittee 34A: Lamps, of IEC technical committee
34: Lamps and related equipment.
The text of this PAS is based on This PAS was approved for
the following document: publication by the P-members of

the committee concerned as
indicated in the following document

Draft PAS Report on voting
34A/1444/PAS 34A/1462/RVD

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned may transform it into an International Standard.
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This PAS shall remain valid for an initial maximum period of 3 years starting from the
publication date. The validity may be extended for a single period up to a maximum of 3

years, at the end of which it shall be published as another type of normative document, or
shall be withdrawn.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct

understanding of its contents. Users should therefore print this document using a
colour printer.

@@
¥
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INTRODUCTION

This first edition of a performance PAS for LED modules for general lighting applications
acknowledges the need for relevant tests for this new source of electrical light, sometimes
called “solid state lighting”. The publication is closely related to simultaneously developed and
edited performance standards publications (or PAS) for luminaires in general and for LED-
luminaires. Changes in the LED module PAS will have an impact on the luminaire standards
and vice versa, due to the behaviour of LEDs. Therefore, in the development of the present
PAS, a close collaboration of experts on both products has taken place.

The provisions in the PAS represent the technical knowledge of experts from the fields of the
semicpnductor (LED chip) Industry and of those of the traditional elecirical Nght SOUrces]

Three|types of LED-modules are covered: with integral controlgear, wj &3 confrol on
board| but with separate controlgear (“semi-ballasted”), and "W ) external
contrglgear.

&
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LED MODULES FOR GENERAL LIGHTING -
PERFORMANCE REQUIREMENTS

1 Scope

This PAS specifies the performance requirements for LED modules, together with the test
methods and conditions, required to show compliance with this PAS.

The fqllowing types of LED modules are distinguished (see Figure 1):

— Type 1: Self-ballasted LED modules for use on d.c. supplies n a.c.
supplies up to 1 000 V at 50 Hz or 60 Hz;

— Type 2: LED modules operating with external controlgear cofin ing”valtage,
and having further control means inside (“semi-ballasted” perati nstant
voltage, constant, current or constant power,

— Type 3: LED modules where the complete contrg le for
operation under constant voltage, constant currenf or consta

lectro|
e
2 ) S
g ‘Self sted LED wodul
»n ‘Electronic control _
> gear for LED modules’ ‘NED_iRoduleX
Q. r——7 N — —
Q I'l" Power supp 1 c l \fj I
3 oSN ) )
@® h
1) LED modules with
-.3 [“external control gear

The popv controlgear for semi-ballasted LED modules (Type 2) is an electronic device capable of

controllfjng ¢

The coptrol unit efthe coniyolgear for semi-ballasted LED modules (Type 2) is an electronic device to corjtrol the

electricpl energyto the ’s.

A LED|moddle with external controlgear can be either a non-ballasted LED module or a semi-ballasted LED

module:

Figure 1 — Types of LED modules
The requirements of this PAS relate only to type testing.
Recommendations for whole product testing or batch testing are under consideration.

This PAS covers LED modules that intentionally produce white light, based on inorganic
LEDs.

These performance requirements are additional to the requirements in |IEC 62031 safety
standard for LED modules.
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Life time of LED modules is in most cases much longer than the practical test times.
Consequently, verification of manufacturer’s life time claims cannot be made in a sufficiently
confident way, because projecting test data further in time is not standardised. For that
reason, the acceptance or rejection of a manufacturers life time claim, past 25 % of rated life
(with a maximum of 6 000 h), is out of the scope of this PAS.

Instead of life time validation, this PAS has opted for lumen maintenance codes at a defined
finite test time. Therefore, the code number does not imply a prediction of achievable life time.
The categories are lumen-depreciation character categories showing behaviour in agreement
with manufacturer’s information which are provided before the test is started.

|n Ol'd =1 tU Vd“u‘diU =] ilfU tiIIIU bidilll, dll U)\ilqpuiatiuu Uf tﬂbt Uldtd ;D IIUUdUd. A yullcldi I
of projecting measurement data beyond limited test time is under consideration

The pass/fail criterion of the life time test as defined in this PAS is

metrigs claimed by manufacturers. For explanation of recommend

AnneA C.

NOTE When modules are operated in a luminaire, the claimed per,

establis

ethod

ife time

b, See

values

NOTE 2 The external electronic controlgears for LED modules /4 part of
the tesfing against the requirements of this PAS.

NOTE 3 For protection for water and dust ingres

It may| be expected that self-ballasted LED rt and
operafe satisfactorily at voltages bet LED
modules with external controlgear start and operate satisfactofily in
combipation with the specifie ing IEC 61347-2-13 and IEC 62384. All
LED inodules are expecied Mo /star e gatisfactorily when operated undér the
conditjons specified in a luminaire complyind with
IEC 60598-1.

For cpmpliance ‘ QUi , reference is made to regional requirements. For
relevant standards, g

NOTE [It should be r at only thosetypes of LED modules are subject to EMC requirements which

— in g¢ase of Karmo directly connected to the mains and have active elements on board;

— in gasg’of\tadiated orcondycted disturbances are directly connected to the mains (Type 1) or to a battefy;

— in gasew{im

2 Nprmative references

The fd Ilnwing referenced documents are indieppnenhlp faor the npplir‘n’rinn aof this document.

For dated references, only the edition cited applies. For undated references, the latest edition

of the

referenced document (including any amendments) applies.

IEC 60050-845, International Electrotechnical Vocabulary — Part 845: Lighting

IEC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

IEC 60081:1997, Double-capped fluorescent lamps — Performance specifications

IEC 60598-1, Luminaires — Part 1: General requirements and tests

IEC/TR 61341, Method of measurement of centre beam intensity and beam angle(s) of
reflector lamps
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IEC 61347-2-13, Lamp controlgear — Part 2-13: Particular requirements for d.c. or a.c.
supplied electronic controlgear for LED modules

IEC 62031:2008, LED modules for general lighting — Safety specifications

IEC 62384, DC or AC supplied electronic control gear for LED modules — Performance
requirements

IEC/T

CIE 1
prope

CIE 121:1996, The photometry and goniophotometry of luminaires

CIE 1

3 Terms and definitions

For the purposes of this document, the terms and

IEC/T

3.1
rated

quantity value for a characteristic of a

The v

responsible vendor.

3.2
test v
input

3.3

lumen maintena

value
value

lumingu< flu

NOTE
combin

3.4
initial

S 62504, General lighting — LED and LED modules — Terms and definitions

3:1995 (CD008-1995 included), Method of measuring and specifying colour ren

ering

ties of light sources

7:2007, Colour rendering of white LED light sources

g |[EC 60050-84
5 62504 apply, together with the following.

value

pltage, cu
oltage, cu

The lumensmainteRance of a LED module is the effect of decrease of lumen output of the LED
btion ofithis with\faiture(s) of LED(s) if the module contains more than one LED.

5 and

rer or

initial
initial

s) or a

values

photometric and electrical characteristics at the end of the ageing period and/or stabilisation

time

3.5
maint

ained values

photometric and electrical characteristics at an operational time as stated in 6.1, including

stabili

sation time
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rated life
length of time during which a population of LED modules provides more than claimed
percentage x of the initial luminous flux, published in combination with the failure fraction, as
declared by the manufacturer or responsible vendor

NOTE 1

For sample size, see Clause 6.

NOTE 2 Note 2 and Note 3 of 3.7 apply.

NOTE 3 For explanation of the figure LXFy, see Annex C.

3.7
life (of an individual LED module)
LX
length| of time during which a LED module provides more than clajr of the
initial Juminous flux, under standard conditions
NOTE of the
initial Iy fraction
F,, see|3.8.

y
NOTE 1 iop under
3.7 implli of life,
since if onsible
vendor.
3.8
failure fraction
Fy

percentage y of a number of LED mod gnates
the pe

NOTE hanical,
as far g light at
all.

NOTE 2 as Fy,
and/or F
3.9

photometric(code
coloun odule giving white light is defined by the correlated golour
tempera Q74 general colour rendering index
* Under| consideratinn

NOTE |[Definition of photometric code is given in IEC/TS 62504 as light colour designation.

3.10

stabilisation time
time which the LED module requires to obtain stable photometric conditions with constant
electrical input

NOTE

3.11

LED modules may be regarded stable at stable thermal conditions.

ageing
preconditioning period of the LED module

3.12
type

LED module, representative of the production
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3.13

family

group of LED modules that have

— the same method of control and operation (self-ballasted, semi-ballasted, non-ballasted);

— the same classification according to the method of installation (reference is made to
IEC 62031, Clause 6);

— the same class of protection against electrical shock;

— the same design characteristics, distinguished by common features of materials,
components, and/or method of processing

3.14
type test
confonmity test on one or more LED modules, representative of the prad

3.15
type test sample

one or more LED modules submitted by the manufactur
purpose of the type test

% 5% dor for the

3.16
t -point
the dgsignated location of the point wh

and tp
at|the surface of the LED module

max

3.17
tp tem
tempe

perature

NOTE
NOTE 2
NOTE 3

NOTE 4

3.18

ig’only the case if the location of t and t. is the same. For t,, see 3.10 of IEC 62031.

p max

NOTE 2 .“The location of tp max @nd t; can be different, but the value of t_ is leading.

3.19

semi-ballasted LED module

module which carries the control unit of the controlgear, and is operated by the separated
power supply of the controlgear

NOTE |In this standard, semi-ballasted LED modules are designated “Type 2”.

3.20

control unit of the controlgear

electronic device, being part of the controlgear, responsible for controlling the electrical
energy to the LEDs as well as colour mixing, response to depreciating luminous flux and
further performance features

NOTE In semi-ballasted LED modules, the control unit of the controlgear is on board the module and separate
from the power supply of the controlgear.
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3.21

power supply of the controlgear

electronic device, being part of the controlgear, capable of controlling current, voltage or
power within design limits. This device contains no additional LED control capabilities.

NOTE 1 For semi-ballasted LED modules, the power supply of the controlgear is separate from the LED module
on a distant location.

NOTE 2 The energy source of a power supply can be either a battery or the electrical supply system.

3.22
LED module efflcacy
quotiepn

NOTE |The efficacy is expressed in Im/W.

3.23
LED die
block pf semi-conducting material on which a given functional

NOTE |For a schematic built-up of a LED die, see Figure F.1.

3.24
LED package
assen)bly of one or more LED-dies, pgssibly w
and electrical interfaces

and thermal, mechanical,

The device does not include the contro i , does not include an IEC

NOTE |A LED package is a dis 9 R LED module. For a schematic built-up of a LED
packagg, see Figure F.2.

4 Marking

4.1 Mandatory ;

Inform rer or

The in max:
excep gt sink
(item

NOTE |This\information is in addition to the mandatory marking required by IEC 62031.

For scateabtemodutes; Teferto 8 tandmmark the teferencedimensionsimtheteaftet:
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Table 1 — Mandatory marking and location of marking *
(x = required, - = not required)

Parameters Product Packaging

Product datasheets,
leaflets or website

Rated luminous flux (Im) -

X

Photometric code (See Annex D)d -

X

Rated life (h) and the associated rated lumen maintenance (x) -

Failure fraction (Fy), corresponding to the rated life -

Lumen maintenance code (see Table 6) -

Rated chromaticity co-ordinate values both initial and maintained -
(see Table 5

Rated ColourRendering Index -

X
X
X
X
Correlated cqlour temperature (K) - /\\

t ¢ of LEP module (°C) x°

p max

t,-point x°/\ \ \\ \

Ageing time (h), if different to 0 h

Ambient temperature range

X
4

Efficacy (Im/WV) A \)/ A \ >

Dimensions, |ncluding dimensional tolerances /\ A > { Q) ‘\)
X /

Availability of a heat sink -\

? Regional fequirements may apply and overrule.

P |If the spa

c

In case t
datasheef.

Under co

the product

4.2

If the
inform

For byi
betwe
Table
vendof. See)Table 2 as an example.

max

accord

e this

ations
ing to
nsible

For independent LED modules, the relations between at least 3 ambient temperatures
including 25 °C and each estimated life time may be provided by the manufacturer or

responsible vendor. See Table 2 as an example.

Table 2 — LED module life time information

tp temperature (°C) measured at the tp-point XX * XX *

XX *

Rated life time (h) XX XXX* XX XXX*

XX XXX*

* values to be declared by the LED module manufacturer.
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NOTE 1 Additional information from the LED module manufacturer to the tabled tp temperatures and life time is

allowed.

NOTE 2

For the chosen life time, tp is a fixed value.

Verification is currently not covered by this PAS.

In addition to 4.1, the marking as given in Table 3 may be used.

Table 3 — Optional marking and location of marking

(x = required, - = not required)
Parameters Product Packaging Product datasheets,
leaflets or website
Luminous intgnsity distribution - - ya X

Beam angle

A - Al X

Peak intensit

- oA XA K

5 D

All of

Comp

6 Test conditions

6.1

Testin

NOTE
For ide

Test g
life ar

All tes
minim

In cas
refere
power

the tested items in a sample shall be within the
the manufacturer or responsible vendor.

Additional LEP
htification of ' ,

mensions

ces as declar

iance is checked by inspection.

P ED modules of the same type. The number “n” shal

ed by

lration.

e and

be a

s givenvin Table 7. LED modules used in the endurance tests shpll not

nce (power supply and reference controlgear, respectively. Specification of the refg
supply and reference controlgear shall be made by the LED module manufactu

respo

sibtevendor-:

LED modules with dimming control shall be adjusted to maximum output for all tests.

ternal
rence
rer or

LED modules with adjustable colour point shall be adjusted / set to one fixed value as
indicated by the manufacturer or responsible vendor.

LED modules which are scaleable, e.g. modules of linear geometry, but very long length, shall
be tested at a length of 50 cm or, if not scaleable there, at the nearest value to 50 cm. The

modul

e manufacturer shall indicate which controlgear is suitable for this length.
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6.2 Creation of module families to reduce test effort
6.2.1 General

The introduction of family aims to guide LED module manufacturers towards to platform
designs thus to allow the possibility to use data of the existing baseline product that had
already been tested at an operational time as stated in 6.1. The baseline product is
considered to be the first LED module complying this PAS and designated to be part of the
family.

6.2.2 Variations within family

Each [family of LED modules requires a case-by-case consideration. range,of LED
modules should be manufactured by the same manufacturer, unde tLuaIity
assurance system. The type variations of the range (e.g. CCT) should of= identical
with respect to materials used, components and construction apph& » ple(s)
should be selected with the cooperation of the manufacturer and the i i

Requifements for the identification of a family of LED modules ing iven in

Testing time may be reduced within family for 1 000" h ¢ iati within
part characteristics are fulfilled with conditions given\in

Table 4 - Al@s\ riatiéns

Part characteristics intended to Condjtions for acceptance
be varied ~

Housing/chassis, t value of LED package (location and ifs
Ie supplier) and other components remaips the
d specified by the manufacturer or responsjible

heat sirjk/heat management

Optics {see NOTE 2) tes es ts showing the effect of optical material change shall be
doc in manufacturer’s technical file.

LED pagkage Whe same value as indicated and specified by the manufdcturer
/\ or resp le vendor (see also Note 1 of this subclause).

Controlpear tp r fns at the same value as indicated and specified by the manufgcturer

(Applicgble for Typed Tyge responsible vendor.

LED maqgdules) }tatistical failure rate calculation based on a MTBF calculation by
anufacturer must show equal or lower failure rate of the electronic

\ controlgear.

X

NOTE The value of ty/can be used as long as the correlation between the temperature measurement Yalue of
LED angd tp is-defined (process under consideration).

NOTE 7Z Oplics includes for instance secondary opfics (lenses), reflectors, trim and gaskef and their
interconnections. The results should relate to changes in luminous flux, luminous peak intensity, luminous intensity
distribution, beam angle, shift in colour co-ordinates, shift in CCT and shift in CRI.

NOTE 3 Value under consideration.

NOTE 4 Any change on part tolerances is documented in the manufacturer’s technical file.
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Compliance testing of family members

The following performance characteristics of members within a family at initial and after
reduced testing time shall be in line with the values provided by the responsible manufacturer
or vendor of the module:

chromaticity co-ordinates,
colour rendering index,
lumen maintenance code,

results of acceleration operated life test.

Documentation of data shall be provided to the testing station in manufacty s techniegl file.

Compliance is checked as follows:

For all of the tested items in a sample, the measured values of’a itinl and
maintained value) shall not move beyond the values as indicated™) facturer or
respomsible vendor. The measured values shall be of th or code as the
provided values or better. All the LED modules in a samp

7 Module power

Meast or conditions, see Annex A.
Comp

The in odule in the measured sample shgll not
excee

The 9Y,5 %™ one<si limit for the sample mean of power shall not egxceed
110 94 of the rat * S

The 9,5 %* uppg imi sample size n according Table 7 is calculated by the
formula:

X+ (t)

where ? S* and nare the sample average, standard deviation and number of LED m¢dules
respegtively and t, 4 (975 is the t-statistic for a 97,5 % confidence limit for n-1 degrees of
freedont

* Under consideration; in discussion: 95 % one-sided confidence interval.

NOTE 1

Note 2 of Clause 1 should be regarded.

NOTE 2 For sample sizes, see calculations in Annex E.
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8 Light output

8.1 Luminous flux

Luminous flux is measured according to Annex A.

Compliance is checked as follows:

The initial luminous flux of each individual LED module in the measured sample shall not be

less than 90 % of the rated lumen output.

The 97,5 %* one-sided lower confidence limit for the sample mean off
exceefd 90 % of the rated luminous flux value.

The 97,5 %* lower confidence limit for sample size n according.Tak
formula:

S
X —(ty_10975 'W)

where ? S and n are the sample aye
respegtively and t,_ 4. ¢ 975 is the t-sta
freeddm.

* Undeér consideration; in discussion: 9
NOTE For sample sizes, see talculali

8.2 |Luminous inte
8.2.1 Generaé
The r¢quirement
(spot)|distributiony

NOTE |Lumipous intenstsgdistribut

8.2.2

goniophotometer. All'photometric data shall be declared for the LED module operating a

The ij}tensity of i

temperatdre t, per Clause A.1.

Qus.fluX

shall

by the

pdules
pes of

ttional

ng a
its

NOTE The allowed photometric variations detailed are to take account of manufacturing tolerances.

8.2.3 Luminous intensity distribution

The distribution of luminous intensity shall be in accordance with that declared by the

manufacturer.

Compliance is under consideration.
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8.2.4 Peak intensity value*
Where a peak intensity value is provided by the manufacturer or responsible vendor, the initial

peak intensity of each individual LED module in the measured sample shall not be less than
75 % of the rated intensity.

Compliance is checked according to Annex A.

* Average value and confidence level are under consideration.

8.2.5 Beam angle value*

Wherg a beam angle value is provided by the manufacturer or responsib}é
angle value of each individual LED module in the measured sample sha
than 25 % of the rated value.

endor, the|beam
iate by more

Compliance is checked according to Annex A.

* Avergge value and confidence level are under consideration.

8.3 |Efficacy

bf the

LED odule efficacy shall be calculated from the
i | LED

indiviqual LED module divided by the measured
module.

Compliance is checked as follows:

For alf tested items in a sédrm A ' Ie efficdcy shall not be less than 90 % |of the
he

rated LED module efficacy~as detclared™ anvfacturer of responsible vendor.

9 Chromatici 2 plated colour temperature (CCT) and colour
rgndering

9.1 Chromatic

The i||\itial cliron i nates are measured. A second measurement of maintained
chromjatici a is Yyrade at an operational time as stated in 6.1. The measured
actuall o i inate values (both initial and maintained) shall fit within on¢ of 4
categTries : Yhich correspond to a particular MacAdams ellipse around thd rated
chromjaticity cosordinate value, whereby the size of the ellipse (expressed in n-stepsq) is a
measyre forsthe toterahce or deviation of an individual LED module.

Compliance is checked as follows:
For compliance of family members, refer to 6.2.3.

For all of the tested items in a sample, the measured chromaticity co-ordinate values of a LED
module (the initial value and maintained value) shall not move beyond the chromaticity co-
ordinate tolerance category as indicated by the manufacturer or responsible vendor (see
Table 5). The measured values shall be of the same category as the rated values or better.
The sample items for the chromaticity coordinate measurement shall be selected from four
different batches®.
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Table 5 — Tolerance (categories) on rated chromaticity co-ordinate values

Size of MacAdam ellipse, centred Colour variation category
on the rated colour target initial maintained
3-step 3 3
5-step 5 5
7-step 7 7
>7-step ellipse 7+ 7+

The bghaviour of the chromaticity co-ordinates of a LED module shall be expressed by $tating
the two measurement results of both initial chromaticity co-ordinates and maintained
chromiaticity co-ordinates. For an example, see Annex D.

NOTE This PAS applies to LED modules for which it is in most cases possible 1o chQos at best
fulfils the requirement of a particular application. Standardised colour points apé™unde

NOTE 2 The tolerance areas are based on the ellipses defined by of the

Optical[Society of America, 1943, as normally applied for fluorescent lax
NOTE 3

*The cq
longer

within

9.2

Prefer
value
when

r consideration. The four-digif CCT
sed off to the next integer nymber,

Comp
For cd

For al 1 the measured correlated colour temperature shpll not
move by the manufacturer or responsible vendor.

9.3

The initia ingZindex (CRI) of a LED module is measured. A second measurement
is made at an

Compliance’is checked as follows:

For all tested items in a sample, the measured CRI values shall not have decreased by more
than

— 3 points from the rated CRI value (see Table 1) for initial CRI values, and
— 5 points from the rated CRI value (see Table 1) for maintained CRI values.
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10 LED module life

10.1 General

Life of a LED module (as defined in 3.7) is the combined effect of gradual light output
degradation, mostly caused by material degradation (see 10.2) and abrupt light output
degradation, mostly caused by electrical component failure (see 10.3, endurance tests as an
indication for reliability and life). Both elements are tested.

Reference is made to the definitions 3.3 and 3.8, the latter describing the indicated fraction of

teste modiles of o total camnla (E \ that mavy faill tha raauiramantc oAf thao tactc 11nd 10 2
BEASASA- L —c—tOtat Hpre t—Hcy— et e eg e e e itS—o—e—ests—dha .

Ty
and 10.3. y

NOTE |On request, reduction of luminous flux due to zero lumen output and duwe\to degradati he LED
material in the measured sample may be given separately.

10.2 [Lumen maintenance

pdule.

The lumen maintenance figure may vary depending on
i ntage

This HAS applies a minimum value of 70 %. Dedicated
should be provided by the manufacturer.

ractical

NOTE As the typical life of a LED module is (very) long
j tlies on

and time-consuming to measure the actual lumen\eductjd
test reslults to determine the expected lumen 9

NOTE 2 The actual LED behaviour with regard ta lumep-rai may differ considerably per type @and per
manufagturer. It is not possible to express the i ance okall LED’s in simple mathematical relajions. A
fast initjal decrease in lumen output does not ajtom i particular LED will not make its rated life.

NOTE Other methods provifling 3 n depreciation over LED module life arg under
considgration.

This RAS has opted fo y g _categories” (see Figure 2) that cover the|initial
decreT;se in Ium@ i ime as stated in 6.1. There are three categories
of lumlen mainten tial lumen output (see Table 6).

Table 6

Lumen maintenance Code
%

>90 9
>80 8
>70 7

The initial luminous flux shall be measured. The measurement is repeated at an operational
time as stated in 6.1. The initial luminous flux value is normalized to 100 %; it is used as the
first data point for determining module life. The measured luminous flux value at an
operational time as stated in 6.1 shall be expressed as maintained value (= percentage of the
initial value).

NOTE 4 It is recommended to measure the lumen output values at 1 000 h intervals (expressed as a percentage
of the initial value) for a total equal to an operational time as stated in 6.1).

NOTE 5 This will give additional insight as to the reliability of the measured values, but assigning a code does not
imply a prediction of achievable life time. Code “1” could be better or worse than Code “3”.

For marking of the lumen maintenance (L,) and the lumen maintenance categories,
see Table 1.
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Compliance at 25 % of rated life with a maximum of 6 000 h test duration:
For compliance of family members, refer to 6.2.3.

An individual LED module is considered having passed the test when the following criteria
have been met:

a) The measured flux value at 25 % of rated life (with a maximum duration of 6 000 h) shall
never be less than the maximum lumen maintenance value related to the rated life as
defined and provided by the manufacturer or responsible vendor.

de” as

Given
subjeq
the en
the m

being
t, if at
imed by

When

when

NOTE ¢
Claime

LED mqgdules allowed to fail.

Claimed failure fraction F,, gives 25 % x F, (= s 0

LED mqgdules allowed to fail

*Assun]ing test time lower tha i ife tige, failure
fraction| o ) h to the
claimed failure fraction.

In ordef to set a pra a
claimed failure fraction wit

of the
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Measured luminous
flux value at an
operational time as
stated in 6.1

Initial luminous
fluxat 0 h

100 % < o)

CAT 3

Luminots

Lower limit line:
reference flux
decrease of rated life

0 %

flUX 70%"""'——'—'—-l-I-I-I--H-a ______________________________________
as % of flux

1000 6 000 a d life

Figure 2 — Luminé gciation ‘eveitest time

10.3 [Endurance tests

10.3.1 General

LED npodules shall be subjected sts specified in 10.3.2 to 10.3.4.

NOTE |All tests ca@ }
10.3.2 Temperatare
Temp
specif

The L
to +5(
CONSis
the temperature extrethes. The LED module is switched on and off for 17 min.

Compliahce is checked as follows:

e with

10 °C
beriod
tween

At the end of the test, all the LED modules shall operate and have a luminous flux which stays
within the claimed lumen maintenance code for a period of at least 15 min and show no

physical effects of temperature cycling such as cracks or delaminating of the label.

* under consideration. When the manufacturer declares in his literature a temperature range with minimum and

maximum temperatures, these values should be used.

** under consideration.

NOTE 1 The switching period of 34 min is chosen to get a phase shift between temperature and switching period.

NOTE 2 The temperature requirements of Clause A.1 do not apply.
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10.3.3 Supply switching test

At test voltage, current or power, the module shall be switched on and off for 30 s each. The
cycling shall be repeated for a number equal to half the rated life in h (example: 10k cycles if

rated life is 20k h.).

NOTE The temperature requirements of Clause A.1 do apply.

Compliance is checked as follows:

At the end of the test, all the LED modules shall operate and have a luminous flux which stays

within the_claimed lumen maintenance code for a ,nprinnl of at least 15 min

10.3.4 Accelerated operation life test

The LED module shall be operated continuously without switching
temperature corresponding to 10 K (see Note 2) above the maximu
tempejrature t, .4, Over an operational time as stated in 6.1.
that would switch off the LED module or reduces the light gutpu
t shall be bypassed.

p max

Compliance is checked as follows:
For cqmpliance of family members, re

At thel end of this period, and after coo
remain alight (see Note 3) for at least 15 min.

NOTE
life effgcts. For example, a too hi
from which no conclusion o

NOTE P LED mod ma
indicatgd, but Note 3

NOTE
(“x” is Under consideratio

NOTE 4

11 Vier

The nfinimum_san

repredentative of a manufacturer’s production.

d at a
rating
bvices
ture >

shall

normal
effects

as

p | max

of x %

all be
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Table 7 — Sample sizes

1 2 3 4
Clause Test Minimum number | Minimum number
or sub- of items in a of items in a
clause sample for an sample for
operational time testing a family
as stated in 6.1 at reduced test
duration after
changing product
feature according
to 6.2
T "p max
41 tp-point
] Dimensions including dimensional tolerances Same 5 items f
2.3 Luminous intensity distribution all tests
2.4 Peak intensity value
2.5 Beam angle value “
Power \
N Luminous flux
3 Efficacy R K
A Chromaticity tolerance A > S m@;tis for Samzlftg:trgs for
2 Correlated colour temperatu\re\ \ \
.3 Colour rendering index
0.2 Lumen maintenance ( (\
0.3.2 Temp. cycling,/e}}e\rgis/efﬂ\\ \ 20 5
0.3.3 | Supply vo,@ge\witc\lng 20 5
0.3.4 Acce|erat[ed\bwra\\tm\n |ife\e§t\ 10 5
12 I
For in
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AA1

Annex A
(normative)

Method of measuring LED module characteristics

General

Unless otherwise specified, all measurements shall be made in a draught-free room at a

temp

rature of 25 °C with a tolerance of + 1 °C, a relative humidity of 65 % maximu

m and

steady

state operation of the LED module.

NOTE |For air movement requirements, see CIE 121, section 4.3.2.

Maint¢nance (see 10.2) and supply SW|tch|ng (see 10.3.3) operatlo sh in the
tempefrature interval (t, ,,4-5, max)- For the supply s rature
requirement is apphcable only to tﬁe ON t|me The value of.t, \.,, shall nt be.eXceede¢d. An
appropriate heat sink or additional heating may need to be i tp max
value.|For testing purposes, thet -point shall be marked

Final [test results are to be presented as if testing imum
recommended operating temperature (t ned at
differgnt temperatures; for this, the vo” temperatures has [to be
establjshed at beforehand in an unambigus . casg of doubt, depending ¢n the
type p measurement shall be dpne at

ce the

riods,
s flux
all not
vidual

15 min

time,
rating
If this

the m shall be reported in the mparking
clausg.

The m ation on the method used to reprodu
refere

The tg INge Stable within + 0,5 %, during stabilisation peg
this tg nt of measurements. For ageing and luminot
maint¢nance testi i dnce is)2 %. The total harmonic content of the input sh
excee ' is defined as the r.m.s. summation of the ind
harmgni

Measy

stabilip b€ taken once per minute. During the final 5 min of stabilisation
the d i

voltage, current or er shall be less than 1 % of the average of the final 5 readings.
is not feaS|bIe a subsequent 15 m|n stab|llsat|on period shall be taken. A maxim

3 stabli

um of

All tests shall be carried out at rated frequency. Unless otherwise specified for a specific
purpose by the manufacturer or responsible vendor, modules shall be operated in free air for
all tests including lumen maintenance tests.

Over life tests and at measurement, in order to avoid any measurement disturbance, the test
sample shall be free from pollution (dust, etc.) that can occur during the testing period.
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A.2 Electrical characteristics

A.21 Test voltage, current or power
The test voltage, current or power shall be the rated voltage, current or power (for tolerance,

see Clause A.1). In the case of a range, measurements shall be carried out at the input value
corresponding to the most adverse effect to the temperature of the module.

A.2.2 Ageing

LED modules do not require any ageing prior to testing.

A.3 | Photometric characteristics

A.3.1 Test voltage, current or power

rance,
value

The tgst voltage, current or power shall be the rated voltage,
see Clause A.1). In the case of a range, measurements sha
corregponding to the most adverse effect to the temperatufe_of

A.3.2 Luminous flux

The irLitiaI and maintained luminous flux sha
modul

NOTE [ Reference is made to document CI contain

valuablg information on measuring luminous fluik.

NOTE 2
NOTE t setup
should equest,

A.3.3

Lumin
IEC/T

Lumin e and
any o
Lumin

an esflablished

e with
aternational or regional format®.

* Informgtien’regarding acceptable regional standards for photometric data formats is under consideration.

A.3.4 Peak intensity

The peak intensity shall be measured in accordance with IEC/TR 61341.

A.3.5 Beam angle

The beam angle shall be measured in accordance with IEC/TR 61341.

NOTE It should be taken care that the beam angle is not determined by the half peak, but by the half centre beam
intensity.
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A.3.6 Colour rendering

Measurement of colour rendering index shall be made in accordance to CIE 13.3 and
CIE 177.

A.3.7 Chromaticity co-ordinate values
Reference is made to IEC 60081, Annex D: Chromaticity co-ordinates.

Chromaticity co-ordinate values of LED modules may depend on the radiation angle. The
manufacturer shall provide information on the method used.

@%
¥
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Annex B
(informative)

Information for luminaire design

B.1 Temperature stability

It should be safeguarded that the LED module performance temperature tp is not exceeded.

B.2 | Binning procedure of luminous flux of LEDs

Under| consideration.

B.3 | Binning procedure of white colour LEDs

Under| consideration.

B.4 |Ingress protection

In cage a ‘built-in’ LED module make ¢ enclosure and applies|in an
applichtion with a certain IP classificatio . ication must reflect this| Final
assesgment will be done on the luminajre.

NOTE |The LED module desigs t i pecified between the LED module maker pnd the
LED luminaire maker.

An “independent” class e should be tested to the specified IP rating accprding
to IEQ 60598-1 6

LED modules clasgifi€ i Id not be separately tested.
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Annex C
(informative)

Explanation of recommended life time metrics

C.1 General

Life time of LED modules can be far more than what practically can be verified with testing.

initial
d test
5. The
ang differg from

time,
recommended metrics for specifying LED module life time is explaipéd belo
the pagss/fail criterion of the life time test as in 10.2.

C.2 | Life time specification

m the
r (see

It is fecommended for LED modules to specify
catastrophic failures in a standardised way giving
marking).

C.3

Example: L;oBsq is undersfood as the, li 6 is > of the
population.

The fgilure fraction for By expresses o f c i i ntage
y of & number of\LEBR S s the
percentage (fra ‘@ butput
threshold level forL anc r. See

Clausg¢ C.6 for recg
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00° Forall definedtypes of LED modules
1 O g T T T T T T T T T T T e e e e e e e e — — ———— ———— —————
¢,—e| Projection curve individual LED module. “pdf,
{(manufacturer depended )
v =P ST
0
] “pdfy
X% ———t —————I ==
0
| ) Lumen maintenance curve
1 ~ ~ L connectingthe B50 points
| | | S (B50is medipn point
[ ]

5 epresentingmore orless the
) : ) : gge valle)

1

1

-

1

1

1

-
(e.g. 7T0%) |

1

1

1

1

1

1

1

I

1

6

L 1
024
<
Measured data

LB LBsy LBg LyBio

Time at which the area ‘
below the pdf-curveis 10%

output degradation

Time (Khr)
perating hours

* pdf = probability dendity function

The s e shape of the projection curve in
Figurg C.1 density function can be Wileibull,
Logngrmal, Exponential @r N endi te measured data and used projection
method.

The fgilure funcitj (t ati isttibytion function (CDF(t)) is the failure percentile as
function of time. i 3

F(t) =

By defini
time is

Explarllation of failure fraction for B:

B from

Example: Considering a lumen maintenance threshold level of 70 %, 10 % of the population
failed at time L;yBq indicated by the grey area in Figure C.1, mathematically expressed as

follows:
L70B10
F(L79B1g) = CDF(L7gB4g) = Ipdf70(t)dt =0.1->10%
0

The reliability function equals: R(t)=1-F(t), expressing reliability.


https://iecnorm.com/api/?name=b1e5108d28491a78c813d46eb95c2ba7

PAS 62717 © IEC:2011(E) -31-

C.4 Life time specification for abrupt light output degradation (see Figure C.2)

Example: LyC,( is understood as the life time where light output is 0 % for 10 % of the
population.

The failure fraction for C,, expresses only the abrupt light output degradation as a percentage
y of a number of LED modules of the same type that at their rated life designates the
percentage (fraction) of failures. The failure fraction for C, is free to be chosen by the
manufacturer. See Clause C.6 for recommended fraction values for Cy.

Forall definedtypes of LED modules
T —— -
|

1
Ore !
re i
T i
1
i
i
i
I
1
1
1
i
i
i
i
i
0% i
(nolight)| | |
0246 Tim¢ (Khr)
S —— Opefating hours

* pdf = probability density function

C.5

Exam S stood as the life time where light output is >70 % for 50 % |of the

The fgilure-fractionfof F expresses the gradual light output degradation including abrupt light
outpu{ degradation. The light output threshold level for L and failure fraction for F is freq to be
choseh by the manufacturer

The combined gradual (B) and abrupt (C) light output degradation can be constructed from
the above two specifications via reliability curves in three steps.
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Step 1: Reliability curve for gradual light output degradation (see Figure C.3)

10% failures

L
>

100%

R()

50% failures

50%

{Khr)
ating hours

Step 2

100}z

R(t)

307

Time (Khr)
Operating hours

Figure C.4 — Reliability curve R, for abrupt light output degradation

Above reliability curve expresses also the survivals of the LED module.
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Step 3: Reliability curve for combined degradation (see Figure C.5)

100 — e~~~
F:

The failure fraction for F expresses the
combined effect of all components ofa
module including mechanical, electrical etc.
as far as the light outputis concerned. The
effectofthe LED could either be less light
than specified ornolightat all.

R(D)

*

Rtotal - Rgradual

Time (Khr)
" Operating hours

C.6

For purpose of ssible

valueg for x and

See T

to’be used in life time specification

L,C, LF,

X
90 0 70 80 q0

10 50 10 50 10 50 10 50 10 50

NOTE LED modules with constant lumen output are under consideration.

Individual LED packages or LED dies within the LED module are not addressed.
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Annex D
(normative)

Explanation of the photometric code

Example of photometric code like 830/359, meaning:

8 3 0 / 3 5 ‘ 9

— initjal CRl of e.g. 77

— initjal CCT of 3 000K *—

— initjal spread of chromaticity co-ordinates within a 3-s

duration of 6 000 h) within a 5-step MacAda

— code of lumen maintenance at 25 %
thig example: 290 % of the 0 h value

h), in

The dolour rendering va i g the
intervals:

CRI =|67 — 76 - code

CRI =[77 — 86 e “Q

CRI =[87 — 290 > ¢

The highest



https://iecnorm.com/api/?name=b1e5108d28491a78c813d46eb95c2ba7

	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Marking
	4.1 Mandatory marking
	4.2 Additional marking

	5 Dimensions
	6 Test conditions
	6.1 General test conditions
	6.2 Creation of module families to reduce test effort

	7 Module power
	8 Light output
	8.1 Luminous flux
	8.2 Luminous intensity distribution, peak intensity and beam angle
	8.3 Efficacy

	9 Chromaticity co-ordinates, correlated colour temperature (CCT) and colour rendering
	9.1 Chromaticity co-ordinates
	9.2 Correlated colour temperature (CCT)
	9.3 Colour rendering index (CRI)

	10 LED module life
	10.1 General
	10.2 Lumen maintenance
	10.3 Endurance tests

	11 Verification
	12 Information for luminaire design
	Annex A (normative)Method of measuring LED module characteristics
	Annex B (informative)Information for luminaire design
	Annex C (informative)Explanation of recommended life time metrics
	Annex D (normative)Explanation of the photometric code
	Annex E (informative)Meaning of confidence intervals
	Annex F (informative)Examples of LED dies and LED packages
	Annex G (informative)Optimised test duration for future consideration
	Bibliography
	Figure 1 – Types of LED modules
	Figure 2 – Luminous flux depreciation over test time
	Figure C.1 – Life time specification for gradual light output degradation
	Figure C.2 – Life time specification for abrupt light output degradation
	Figure C.3 – Reliability curve Rgradual for gradual light output degradation
	Figure C.4 – Reliability curve Rabrupt for abrupt light output degradation
	Figure C.5 – Combined Rgradual and Rabrupt degradation
	Figure E.1 – t-distribution with right sided confidence interval (1-()
	Figure F.1 – Schematic drawings of LED dies
	Figure F.2 – Schematic drawings of LED packages
	Table 1 – Mandatory marking and location of marking a
	Table 2 – LED module life time information
	Table 3 – Optional marking and location of marking
	Table 4 – Allowed variations within family
	Table 5 – Tolerance (categories) on rated chromaticity co-ordinate values
	Table 6 – Lumen maintenance code at an operational time as stated in 6.1
	Table 7 – Sample sizes
	Table C.1 – Recommended x and y values for life time metricsto be used in life time specification
	Table E.1 – Values of the t-distribution

